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Abstract

Each one of us has views about education, how discipline should function, how individuals learn, how they
should be motivated, what intelligence is, and the structures (content and subjects) of the curriculum. Perhaps
the most important beliefs that (beginning) teachers bring with them are their notions about what constitutes
“good teaching”. The scholarship of teaching requires that (beginning) teachers should examine (evaluate) these
views in the light of knowledge currently available about the curriculum and instruction, and decide their future
actions on the basis of that analysis. Such evaluations are best undertaken when classrooms are treated as
laboratories of inquiry (research) where teachers establish what works best for them.

Two instructor centred and two learner centred philosophies of knowledge, curriculum and instruction are used
to discern the fundamental (basic) questions that engineering educators should answer in respect of their own
beliefs and practice. They point to a series of classroom activities that will enable them to challenge their own
beliefs, and at the same time affirm, develop, or change their philosophies of knowledge, curriculum and
instruction.
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intellectual development, intelligence ( applied, emotional, practical, academic), interdisciplinary, kinesthetic
activities, knowledge (fields of, forms of, prior procedural, tacit, knowing), laboratory work, language(s),
learner, learner centred, learning (active, independent, modes of, perceptual, surface, deep, styles of), lesson
planning, lectures, listening, mediating response, memory, mind maps, misperception, mock trials, motivation,
negotiate(ion),novice(s), objectives (behavioural/focussing), originality, outcomes, principles, professionalism
(restricted/extended), reflection, Reflective Judgment Interview, peer teaching/review, personality types,
philosophies related to engineering education, Polya, practical reflection, problem-based learning, problem
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FOREWORD

Tertiary education has experienced both rapid evolution and several significant changes in
mission since Second World War. Much of the technologically advanced world has become
increasingly reliant on tertiary education as a supplier of engineers and creative thinkers of all
types. At the same time, this utilitarian view of education has transformed the public view of
education, which more often than not these days is seen as a process through which graduates
are “produced”, or as a “service” provided to an intellectual elite, which equips them for a
successful and highly paid career. The view that education is about developing the individual
and enhancing their intellectual capacity in the context of an academic environment which
stimulated debate and enquiry has largely fallen by the wayside.

In this new landscape academic teachers are expected to perform research and teaching of the
highest quality. High expectations in regard to teaching excellence has ben increasingly
emphasised in the Nordic Countries, where in many places ten full time weeks of formal
training in the theory and practice of tertiary education is a prerequisite for appointment to a
tenure track position. Even in the United States of America the expectations in regard to
teaching have changed significantly, not least in response to Boyer’s 1991 book “Scholarship
Reconsidered: Priorities of the Professoriate”.

Quality in higher education is also an increasingly prominent component of the political
discourse surrounding tertiary education. This book makes a significant contribution to both
academic staff development and teaching quality by drawing together over fifty years of
work in the area of evidence based teaching practice. The reader gains both new perspectives
on teaching and assessment practices and a model for sustainable practice and professional
development as a university teacher. Academic practice is more than research, the
educational mission to inspire future generations of scholars to engagement and excellence in
science and engineering underpins the success of our technological society.

The model and resources offered here form part of a broader effort in which Professor
Heywood, myself, the American Society for Engineering Education (ASEE) and the IEEE
Education Society are engaged. The goal is to provide sustainable support for academic
teaching practice and professional development combined with international levels of
professional recognition linked to a range of activities that promote and enhance the
“Teaching as Research” model. This book is a vital resource in the pursuit of this goal, and it
gives me great pleasure to have contributed in a small way to its conception and final form.

Arnold Pears
Uppsala 24th of July 2017

Professor of Technical Science Education, Royal Institute of Technology (KTH), Sweden.



PREFACE and INTRODUCTION

At the 2016 ASEE/IEEE Frontiers in Education Conference (FIE) Professor Arnold Pears of Uppsala
University in Sweden organized and led a one day workshop on teaching and assessment for
beginning engineering educators and experienced engineering educators beginning to take an interest
in teaching. | was privileged to lead the discussion on assessment. | noticed that several of the
participants were experiencing the same difficulties that beginning school teachers experienced, and
drafted some notes that | thought might be used in any future courses of this kind. Dr Mani Mina of
Iowa State University with whom I had collaborated in presenting a blended on line course on, “The
Human Side of Engineering” attended the workshop, and as a result of my notes it was decided that he
would organize a professional development course on teaching and learning for his colleagues and in
the Departments of Electrical and Computer Engineering and Industrial Design. It would use the
format of the previous course. In the event 16 lectures each of approximately 20 minutes duration
were recorded, and followed four days later by hour long discussion seminars on the prior recorded
topic. A print version was also made available. This book records the sixteen lectures with the
associated notes which are of equal importance.

The first three chapters are constructed around the issue of accountability. To whom am | accountable,
and for what? Many engineering educators experience a conflict between the demands of research and
the requirements for teaching. Looked at from the perspective of professionalism, a person who enters
engineering acquires a dual responsibility for research and teaching. Irrespective of the demands for
and recognition achieved by research, there is an obligation to be as effective as possible at teaching.
By accepting the role of engineering educator an individual accepts that teaching is a professional
activity, and has to choose between being a “restricted” or an “extended” professional. Professionals
accept personal responsibility for the effectiveness of their teaching. How individuals can judge the
effectiveness of their teaching is the subject of chapters and two and three. Chapter 1l focuses on
Eisner’s technique of educational connoisseurship, and chapter 3 considers what the scholarship of
teaching is, and argues that it is accomplished by treating the classroom as a laboratory for research
and development. Effective teaching can only be sustained if that becomes the case. This requires an
acknowledgement and understanding of that body of knowledge called “education.” This book is one
way of introducing that body of knowledge.

Each one of us has views about education, how discipline should function, how individuals learn, how
they should be motivated, what intelligence is, and the structures (content and subjects) of the
curriculum. Perhaps the most important belief that beginning teachers bring with them are their beliefs
about what constitutes “good teaching”. The scholarship of teaching requires that beginning teachers
should examine these views in the light of knowledge currently available about the curriculum and
instruction.

Since there is no single theory of the curriculum or instruction various attempts have been made to
classify the different ideologies that represent the diversity of views among engineering educators.. In
Britain John Eggleston distinguished between “received”, “reflexive”, and “restructuring” paradigms
of the curriculum. In the United States Michael Schiro distinguished between four ideologies that he
called “Scholar Academic”, “Social Efficiency”, “Centred”, and “Social reconstruction”. The
philosophies that support these ideologies also support different approaches to teaching. Michael
Schiro reports one research that shows that teachers change their beliefs during their teaching careers.



Chapter IV begins with the social efficiency ideology for the reason that it is this ideology that
governs much educational thinking at the present time, and in engineering in particular. It begins with
a brief account of the “objectives” movement leading to a discussion of the “Taxonomy of
Educational Objectives”, and objections to the objectives approach by Eisner. The role of objectives
in planning and instruction is considered. The chapter ends with an attempt to reconcile the
behavioural objectives approach with that of its opponents.

The fifth chapter considers the problem of problem solving. Should it be taught as a separate skill or
simply learnt by total immersion in the subject? Those who hold the former view are representative of
the social efficiency ideology. A distinction may be made between those who believe problem solving
should be taught within normal course structures, and those who believe it should be taught in
separate courses. The best known example of the latter is the Problem Based Learning approach
developed by Don Woods at McMaster University. There are many examples of the former where
teachers use a simple problem solving heuristic like that suggested by Polya as part of their
instructional approach. It is with this approach that Chapter V is primarily concerned. It shows just
how difficult the curriculum process is, and how “time” is required for learning.

Chapter V1 is a continuation of chapter V and looks at problem solving heuristics in more detail, and
in particular at Wales, Stager and Nardi’s “Guided Design” model. Studies of expert and novice
behaviour reported in chapter V and this chapter, showed there was something more to problem
solving in engineering than the learning of a range of heuristics, and that there was a need for
gualitative as well as quantitative understanding. Engineers have to learn a number of languages if
they are to successfully engage in engineering problem solving. It is concluded that there is a case for
a separate category of problem solving in any statement of objectives.

These three chapters (1V, V,VI) highlighted the importance of assessment on learning. They showed
how changing the conditions of learning impact on the role of the teacher. They also pointed to
guestions about students. What should instructors know about their students? How do teacher beliefs
impact on what they do? For many teachers these beliefs may be described as belonging to the scholar
academic ideology, or Eggleston’s received curriculum.

Chapter VI introduces the scholar academic ideology. In a received curriculum knowledge is
received and accepted as given. It is non-negotiable, non-dialectic, and consensual. It is the basis of
the “disciplines” view of the curriculum. It is about the enculturation of individuals into civilization’s
accumulated knowledge and ways of knowing. But, each discipline seeks to mould students in its own
image and likeness. Many academics including engineering educators would associate themselves
with this ideology. It is teacher centred. Jerome Bruner who is associated with this ideology is of
particular interest because of his promotion of discovery (now often called inquiry) based learning.
The advantages and disadvantages of this kind of learning are considered. The chapter ends with a
brief section headed by the question “Is engineering a discipline?”

Associated with Jerome Bruner is the idea of “spiral curriculum” in which concepts are revisited on
several occasions during the course, but at deeper levels of abstraction. Chapter V11 begins with a
discussion of this model. It raises questions about how engineering is related to the school curriculum,
and an example of a primary school project in which children in the age range 5 to 13 engaged in min-
company activities is given Those who sponsored the activity believed that entrepreneurs would only
emerge if attention was paid to the development of entrepreneurial skills throughout the age range of
schooling. The Spiral curriculum also relates to intellectual development. The significance of Piaget’s
work, and studies of intellectual development in higher education by Perry, and King and Kitchener
are considered.

Bruner’s discovery learning was criticised by among others David Ausubel. Although a very strong
advocate of expository learning, he was concerned with the way in which learning is organized. He is



noted for the concept of the “advanced organizer”. It use in instructional practice begins chapter IX.
The importance of prior knowledge in learning and the development of memory is emphasized. The
chapter ends with a discussion or cognitive organization and mediating responses. Much care needs to
be taken in the preface to instruction if that instruction is to be meaningful to students

Meaningful learning requires that students understand concepts. The role of concepts in learning, and
in particular the work of Robert Gagné is the subject matter of chapters X and XI. One of the reasons
why students find qualitative thinking in engineering difficult is that they have an inadequate
understanding of concepts to the extent that they are misperceived. How to deal with misconceptions
is a major problem for instructors. The most common heuristic used in instruction is the “example”.
Research shows that some approaches to the use of examples are better than others. Learning concepts
often takes time and many teachers do not take a step by step approach because of beliefs about the
need to cover the syllabus. This seems to be a central issue in teaching. It seems probable that a lot of
the difficulties experienced by engineering students, especially in the freshmen year, arise from a
shortage of time to assimilate the learning of the concepts being presented especially when they are
complex. Chapter XI gives a brief introduction to the teaching of complex and fuzzy concepts.

The focus of chapter XII is on the learner centred ideology. It is in stark contrast to the social
efficiency ideology. The child is at the centre of, and has a profound influence on the curriculum
process. Like the social reconstruction ideology it is associated with the philosophy of John Dewey. In
this ideology the student is a self-activated maker of meaning. Learning moves from the concrete to
the abstract. Learning centred educators know a lot about their students. It is argued that engineering
educators should have at least a knowledge of their students learning styles. The chapter draws
attention to convergent and divergent thinking because there is strong argument that engineering
students are often taught in ways that are antipathetic to creative thinking. Following discussion of
Kolb’s theory of experiential learning and the Felder-Solomon Index of Learning Styles, the chapter
concludes with a brief commentary on the relation between temperament and learning styles. It is
concluded that studies of learning styles and the temperaments of students can provide educators with
insights into student learning and instruction.

Those who follow the learning centred ideology do not like psychometric testing or formal
examinations. Yet most of us have beliefs about intelligence and its role in learning. Chapters XIII,
XIV and XV deal with issues surrounding the concept of intelligence. Chapter X111 begins with a brief
discussion of the impact that intelligence testing has had on school systems. It is agreed that tests of
general mental ability are found to be relatively good predictors of job performance. But multiple
methods of assessment are to be preferred to a unitary instrument. Chapter XIV begins with a
description of the nature-nurture controversy and concludes that we should think about “Nature and
Nurture” not “Nature versus Nurture”.

Just as engineering educators should have a view about intelligence so they should have a view about
competence. Two views of competence are presented. They have profound consequences for the
design of the curriculum and instruction. The role of communication is highlighted, but doubt is cast
on the methods used to teach communication as a means of achieving the goals that are required. The
view is expressed that the curriculum should be perceived in terms of intellectual and personal
development that continues throughout life. That places considerable responsibility on industry for
their personnel which most organizations do not seem to accept.

Two alternative theories of intelligence are presented in chapter XV. The first is Howard Gardener’s
theory of multiple intelligences, and the second, Robert Sternberg’s Triarchic Theory of intelligence.
Attention is given to implicit theories of intelligence. Sternberg is also important for engineering
education because of his concept of “practical intelligence.” The chapter ends with a discussion of
emotional intelligence. These chapters show that not only teaching but policy making in respect of the
curriculum, benefit if we have a wide ranging understanding of student behaviour.



The final chapter is a commentary on the social reconstruction ideology. It considers that society is
doomed because its institutions are incapable of solving the social problems with which it is faced.
Therefore, education has to concern it with the reconstruction of society. Like the learning centred
ideology is based on a social constructivist view of knowledge. The principle methods of teaching are
“discussion” and “experience” group methods. In education Karl Smith has encouraged “constructive
controversy”. Other methods are “debates” and “mock trials”. The chapter ends with a case study. It
is concluded that since learning is shared activity the least an instructor can do to foster relationships
is to share his/her scholarly activity with his/her students.



Accountable to whom? Learning from Beginning Schoolteachers,
1

1. Introduction

The engineering profession has been keen to develop engineering activities in schools. Both
the ASEE and FIE annual conferences hold several sessions each year devoted to K-12
education in which there are exchanges about what has been done and what might be done.
Occasionally it is pointed out that engineering education can learn to its advantage about
teaching methods in schools especially in primary (elementary) schools [1, 2]. There are no
detailed analyses of engineering educators at work of the kind carried out among school
teachers by Lortie [3] and more or less replicated twenty years later by Cohn and Kottkamp
in the United States [4].

My experience of teacher education leads me to believe that beginning engineering educators
have much to learn from beginning teachers. Therefore, many examples in this text are taken
from reports of what happened to beginning teachers and their students while researching
their own instruction.

There seems to be general agreement that there is a need for induction to teaching that goes
beyond telling beginning teachers where their classroom, rest rooms, and staff rooms are
before they begin their teacher training. However, by all accounts engineering education is
still at this primitive stage. It is not unreasonable to suppose that key questions on a
beginning engineering educators mind relate to accountability: “to whom, and for whom am I
responsible?”

2. Accountability in higher and engineering education

Accountability is important because it is the devil that is driving the mechanisms that control
the work of teaching, as for example, the ABET criteria. In the U.K., higher education
institutions are now being judged for their teaching quality as well as their research [5]. That
is, in addition to the quality assurance procedures already in place.

To begin at the beginning, Sockett wrote in 1980 that: “Central to the debate on
accountability are the twin ideas of responsibility and answerability for actions undertaken by
one party on behalf of another” [6]. My version of the development of accountability in the
education system in England is that it began with the student revolt of 1969. Parliamentarians
found that although the student unions in the universities received funding from student fees
they were not required to account for how it was spent, and this frustrated those
parliamentarians. They also came to believe that the measures in place for checking on the
usage of funds by the universities were not adequate. In consequence, and it took a long time,
the funding and accountability mechanisms were changed in the latter half of the nineteen-
eighties. By far the most important control mechanism became the regular review of research,
that is, the rating of departments against the number of publications produced, their quality as
measured by peer review and the medium in which they were presented (e.g. (conference,
journal ). Publications also became important in the United States for academics seeking



tenure or promotion to associate and full professorship. Research became more important
than teaching in many institutions, and the term research university coined.

Many beginning engineering educators are brought up in this system without any break in
industry, and understand they have to publish or perish. The key qualification for progress
into engineering education is the Ph.D., not paradoxically a Ph.D. and a qualification to teach.
Some beginners may have had the experience of being a teaching assistant but few will have
had any training for teaching, although training courses are available in some countries and
compulsory in others [7]. A beginning teacher coming from industry will be in this situation
but will have experienced the discipline of working in industry, and some of them find the
organization and attitudes of engineering educators surprising. In either case both types are
suddenly faced with role conflict between the relative efforts they should put into teaching on
the one hand, and on the other hand, research. They come to a crossroads one of which points
to research, and the other in the opposite direction toward teaching. As things stand unless
teaching is formally appraised they are more likely take the research option.

Demands for improvement in teaching may increase the tension between research and
teaching [8], and if undertaken within existing procedures for quality assessment create
tensions between traditional teaching and innovative teaching as Pears has demonstrated for
engineering in Sweden [9]. A few of the graduate student teachers whose exemplars are given
in these chapters found the tasks | asked them to do brought them into conflict with their
Master teachers.

3. Accountability and evaluation in schools

In parallel with these developments schools were also subject to similar pressures. However,
in the UK, university education departments and colleges of education ensured that there was
a substantial debate about accountability which extended to teacher education courses.
Sometimes, as in my case, it was linked to problems associated with evaluation, since
evaluation is a form of accountability [10]. | focused on the relationship between
accountability and professionalism and argued, following Elliott, that the first point in the
chain of accountability was the teacher.

Elliot wrote in 1976 that, “If teacher education is to prepare students or experienced teachers
for accountability then it must be concerned with developing their ability to reflect on
classroom situations. By “practical reflections” I mean reflection with a view to action. This
involves identifying and diagnosing those practical problems which exist for the teacher in
his situation and deciding on strategies for resolving them. The view of accountability which
| have outlined, with its emphasis on the right of the teacher to evaluate his own moral
agency, assumes that teachers are capable of identifying and diagnosing their practical
problems with some degree of objectivity. It implies that the teacher is able to identify a
discrepancy between what he in fact brings about in the classroom and his responsibilities to
foster and prevent certain consequences. If he cannot do this he is unable to assess whether or
not he is obliged to. I believe that being plunged into a context where outsiders evaluated
their moral agency without this kind of developmental preparation would be self-defeating
since the anxiety generated would render the achievement of an objective attitude at any of
these levels extremely difficult” [11].



Successful accountability is more likely to be achieved when teachers take responsibility for
their daily actions at what might be deemed to be the first level of accountability. The second
level, which cannot be avoided, relates that accountability to the outside world through
appraisal, that is, of objectives agreed between the teacher and the authorities (principals,
parents, colleagues) to whom he is accountable. Thus, if teachers wished to consider
themselves to be professionals then, in the first instance, they had to be self-accountable for
the achievement of agreed goals. They had to be able to self-evaluate or as we would say
today, self-assess.

4. Accountability and professionalism

In the traditional concept of a profession the professional person is self-employed. As such
they are necessarily self-accountable for their work, and this impacts, or should impact, on
the service they provide their clients. But this idea was challenged in the nineteenth century
and persons who were employed came to be regarded as professionals. In the 191" Century the
creation and development of the engineering institutions, the Institution of Civil Engineers in
the UK in particular, led to the view that engineering was a profession. In the 20" Century,
particularly in the latter half, many other groups sought recognition as a profession from
society. Teachers belonged to this group, and they became recognized as such, as did many
other groups [12].

Lest it be thought that this argument only applied to the U.K., it should be noted that in the
U.S in 1970, Owens argued that since the teachers are professionals they should be
responsible for what goes on in the classroom. The teacher is no different to the medical
practitioner in this respect [13]. But those who teach in higher education do not regard
teaching as a professional activity. In engineering their allegiance is to the engineering
profession, and their research is associated with that allegiance. This is one of the, if not the
major reason why faculty do not have much interest in aligning their teaching and assessment
to the knowledge base of techniques that is available to them. It is one of the reasons why it is
so difficult to reform or change the practices of engineering education.

The best that can be said of the majority of engineering educators is that they are ‘restricted’
professionals to use a term coined by Eric Hoyle. He made a distinction between ‘restricted’
and ‘extended’ professionalism. He argued that at that time teachers looked for a restricted
notion of professionalism which is “a high level of classroom competence teaching skill and
good relationships with pupils” [14]. And this is what the public would expect. In Ireland,
Henry Collins (sometime President of the Association of Secondary Teachers Ireland)
examined Hoyle’s model of restricted professionalism, and concluded that achieving the
competence that the public expects of teachers would necessarily extend their
professionalism [15].

“Extended professionalism” wrote Hoyle “embraces restricted professionalism, but
additionally embraces other attitudes of the teacher. These include seeing his/her work in the
wider context of community and society, ensuring that his/her work is informed by theory,
research, and current exemplars of good practice; being willing to collaborate with other
teachers in teaching, curriculum development and the formation of school policy, and having
a commitment to keep himself/herself professionally informed.”



Hoyle’s model of restricted and extended professionalism is easily adapted for higher
education as exhibit 1.1 shows.

Restricted professionality in Extended professionality in

engineering education engineering education

Instructional skills derived from Instructional skills derived from

experience mediation between experience and theory

Perspective limited to immediate time Perspective embracing broader social

and place context of education

Lecture room and laboratory events Lecture room and laboratory events

perceived in isolation. perceived in relation to institution
policies and goals

Introspective with regard to methods of Instructional methods compared with

instruction those of colleagues and with reports of
practice.

Value placed on autonomy in research Value placed on professional

and teaching. collaboration in research and teaching.

Limited involvement in non-teaching High involvement in non-teaching

professional and collegial activities professional and collegial activities.

Infrequent reading of professional Regular reading of professional literature

literature in educational theory and in educational theory and practice.

practice.

Involvement in continuing professional Involvement in continuing professional

development limited and confined to development work that includes

practical courses mainly of a short substantial courses of a theoretical

duration. nature.

Instruction (teaching) seen as an intuitive | Instruction (teaching) seen as a rational

activity. activity.

Instruction (teaching) considered less Instruction (teaching) considered as

important than research. important as research.

Assessment is a routine matter. The Assessment is designed for learning.

responsibility for achievement lies with Achievement is the co-responsibility of

the student the institution, instructor (teacher) and
student.

Exhibit 1.1.An adaptation of Hoyle’s descriptions of restricted and extended professionalism on school teaching for
higher education.

Engineering Educators who attend the annual ASEE and FIE conferences are more likely to
be, or have a tendency toward extended professionalism, and to take the issue of
accountability seriously.

An important step that would enable engineering educators to become a professional has been
taken by the American Society for Engineering Education who have promoted a code of
ethics. Cheville and Heywood have discussed the problems of developing a code of ethics for
engineering education with reference to those in use in engineering (world-wide) and other
professions, and suggested the code shown in exhibit 1.2 [16]. As yet there is no universally
recognized system of training engineering educators that is the hallmark of a profession.



Preamble: Engineering education has a large impact on the world, serving the ideal of human development through
education and the ideal of truth through scholarship. Engineering educators respect the impacts culture and individuality
have on these ideals. To serve these ideals engineering educators:

(1) Recognize that engineers and engineering works may impact the world for good or for ill. Engineering
educators strive to develop their own and students capacity for moral purpose, serve as an example for life lived
well, and recognize the rights of others to define their own welfare and quality of life.

(2) Treat others fairly, support others’ learning at all times, and honour differences between learners that arise
through opportunity and culture.

(3) Balance responsibilities of the multiple roles they assume within the education system.

(@) In the role of a teacher or mentor the engineering educator seeks to support learning, professional
development, and enabling human thriving through education.

(b) In the role of a scholar the engineering educator dedicates himself or herself to seeking truth and
awareness of his/her own ideology.

(c) In the role of an administrator, the engineering educator is guided by principles of fairness, justice, and
compromise.

(d) In the role of a patron, constituent, or client the engineering educator provides actionable feedback to
improve education and helps support others professional development.

While most times these rules are harmonious, in some cases the engineering educator will face ethical

dilemmas that arise from overlaps of these roles. Resolving such conflict requires both adherence to law and

moral judgment, tempered with respect for colleagues and students, and the recognition that vulnerable

populations may often lack a voice. The engineering educator acknowledges the tensions inherent in supporting

individual learners and an educational system with limited resources while undertaking unbiased evaluation of

learning.

(4) Serve educational needs through
(a). Supporting the needs of learners and upholding the rights of all individuals to an education with particular
care for the vulnerable and disadvantaged;

(b). Recognizing the impact of credentials and the limitations inherent to measuring learning, and striving to
improve how learning is assessed.

(c). recognizing that learning occurs within a community and valuing the diverse expertise and contributions of
their colleagues and the supports offered by the wider educational institution in which they function, and

(d). building professional liaisons with others across the education system, and those who employ engineering
graduates.

(5) Uphold standards of professionalism in any role they play within the education system.

(6) Balance their role as an educator with their role as an engineer by accurately interpreting

state-of-the-art engineering theory and practice for learners, and drawing upon the
science of learning to effectively promote and support student development.

(7) Act in ways that develop and hold the trust and confidence of others so as to support their
role as teacher and mentor.

(8) Seek to advance, apply, and integrate the state of the art in both education and
engineering theory and practice and dedicate themselves to life-long professional
development.

(9) Recognize a responsibility to participate in activities that contribute to access to
education, and seek changes to situations that are contrary to the best interests of
learners.

Exhibit 1. 2. A proposal for a code of ethics for engineering educators by R. A Cheville and J. Heywood (Cheville, R.
A and J. Heywood (2015). Drafting a code of ethics for engineering education. ASEE/IEEE Frontiers in Education
Conference 1420 -1423.

It is evident from the foregoing that what has been written about accountability in the school
system applies equally to higher education.

The beginning engineering educator finds her/ himself in a situation where it seems that
she/he may have to choose between different priorities or to balance those priorities as best as
he/she can. In 1994 Michael Bassey President of the British Educational Research
Association published a book with the title “Creating Education through Research” [17]. He
used the second page of his introduction to adapt and develop work by W. G. Perry whose
study of student intellectual development in higher education is of considerable importance
[18- see chapter VIII]. The last two paragraphs read,

“My fifth discovery was that I am not a watcher of the world but an actor in it. | have to make
decisions and some of them have to be made now. I cannot say, ‘stop the world and let me



get off for a bit, I want to think some more before I decide.” Given differences of opinion
among reasonable people, I realise that I cannot be sure that I am making the ‘right
’decisions. Yet because I am an actor in the world, I must decide. I must choose what I
believe in and own the consequences.”

This text is written for beginning engineering educators and engineering educators who have
decided to give teaching the same value that they give to research, and to show how the
exploration of techniques that have been used in the school system can help the development
of skill in self-accountability, enable choices to be made about curriculum and instructional
design, and thereby, to create education. Since we expect students to take responsibility for
their learning, they in turn have the right to ask us to take responsibility for teaching
excellence.
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“Oh that we the gift of God to see ourselves as others see us,”
Learning from beginning teachers 2.

1. Introduction

| confess that the quotation is the only line of the poetry by Robert Burns that | know. At least
| was told he wrote it, and | was also told that it was about a lice on the back of the neck of a
Lady in her “Sunday best,” who was, as one might expect, attending church.

Self-accountability demands that we try and see ourselves as others see us even if what we
find is unpleasant. I take Rokeach’s proposition that generally, we want to know the truth
about ourselves, to be correct [1]. Engineering educators with an interest in teaching and
learning are still a rare breed and finding a person or better still persons interested in teaching
is often difficult yet, the height of self-accountability is to be able to invite a colleague to
observe one’s teaching. Such liaisons are the basis of educational change. You may read
about an attempt by a primary (elementary) school teacher in Ireland to engage his colleagues
in changing the curriculum of their school in appendix A.

One important thing that a beginning teacher has to learn, if he or she does not know it
already, is that students do not always see things in the same way as the teacher [2]. A
component of the competency of self-accountability is to be able to see ourselves as others
see us, more especially our students. The concern of this chapter is with techniques for
achieving that goal.

2. Recording one’s class

When John Elliott developed his thoughts about accountability in the 1970’s, he suggested
that the teacher should make an audio recording of his/her lesson/lecture [3]. At that time it
would have been very expensive to have made a video recording and, in any event, the
equipment would have been very large. Nowadays we are probably being recorded by one or
another of the students in our class! We can certainly prop a laptop with a camcorder on the
lecture room’s rostrum, whatever that may be, and make a visual recording of the activity.

I have nothing against that, but | want to suggest that from listening, yes- just by listening, we
may learn a great deal about ourselves, the way we present knowledge, and the way we
interact with students. It is much easier to do these days because we have the technology that
makes omni-directional-recording easy.

Listening is an important skill and helps us to focus on the issue we want to study, as for
example, how we respond to questions in class. It won’t, of course, necessarily tell us if we
are selective in the choices we make about whose question we will take, unless we do a more
detailed analysis.



After a few audio sessions we can begin to make and analyse video recordings and cope with
the much greater ‘noise’ that is generated.

One of the other ways my colleagues used to train beginning teachers — called
‘microteaching’-was to bring in half-a-dozen students from a local school, ask the student to
teach them for ten-minutes or so while making a video recording of their teaching. The
recording is then played back to the student with comments from the tutor. This procedure
can be changed so that a group of beginning teachers review their teaching together, and
comment on each other’s presentations. It is quite a useful method for introducing beginning
teachers to the art of teaching. But, it is only the beginning of self-accountability.

The first time that | tried to make a videotape of an introductory lecture came as a shock.
What | thought would be a doddle turned out to be very stressful. The producer harangued me
and continually stopped to re-take and re-take. Apart from learning that it was a considerable
skill I began to appreciate just how little a learner can address, that 50 minutes to an hour is
far too long for a continuous presentation, and that it was very easy, even then with all the
electronics available, to introduce noise into the learning system [4].

Farah and Neelam did their very best to make me presentable in the first of these mini-
lectures. | had to do a lot of re-learning.

A quite different approach was advocated by the Stanford educator Elliot Eisner (see below).
3. Perceptual learning in the classroom

One of the difficulties that student graduate teachers have in trying to understand classroom
performance is to get behind (understand, if you prefer) what the students are thinking. In
evaluating their classes the emphasis is often with what happens to them rather than what
happens to their students as a result of their instruction. This is not at all surprising. At the
same time it is a reminder that what happens to teachers in classrooms is all too easily
forgotten by politicians and administrators when they criticize them. The teacher is as
important as the student in the learning process, but the teacher has to be aware of the
perceptual processes at work.

The relationship between teacher’s and their students is deep and personal and can be
encouraging or hurtful in both directions. That said, teachers do need to understand what is
happening in their classrooms both to themselves and to their students.

The teachers who provided the examples given in this text taught in schools under
supervision throughout the school year for half of each week. Throughout the academic year
they attended the university during the other half of the week. At the beginning of the school
year, to assist them with their practice, the department provided an induction course. The big
worries that the student graduate teachers had were, would they be able to maintain
discipline? And, would they be able to motivate their pupils? My particular contribution to
this course was to introduce them to perception and perceptual learning. | wanted to achieve a
number of objectives. Of these the one that is relevant to this text is that students do not
always perceive what the teacher is saying as the teacher expects it to be perceived. Hence
the need for questioning and testing at the time to establish what is being learnt and how it is
understood [5]. The situation is no different in a university class, as Jane Abercrombie



showed in studies of architectural and medical students. Her “The Anatomy of Judgement”
first published in 1960 [6] must be a classic in the literature of higher education.

4. Elliot Eisner’s concept of educational connoisseurship

Although, in the 1970’s Elliot Eisner wrote one of the most profound books on the
curriculum he is seldom cited in the literature of engineering education. Possibly this was
because he was anti-positivist, and was also a considerable critic of the objectives movement
[7]. Eisner’s world was that of art and design. From that world came the concept of
connoisseurship which he applied to the idea of evaluation. (Many authorities have replaced
the term “evaluation” by the term “assessment”. I have retained the term “evaluation” in all
my work). It simply means, not with-standing Eisner, a process for determining whether or
not we have achieved our objectives. We can’t help wanting to achieve something and in this
script that is an objective.

Connoisseurship implies knowledge and skill that has been built up over time. It is an
expertise, or as today’s jargon would have it, a ‘competency.’ It is a skill that can be learnt,
and with beginning teachers it is one way they can begin to acquire the tacit knowledge that
is so important in teaching. It is a way of reflecting on and bringing a critical eye to one’s
practice, that is, educational criticism. Eisner wrote: “As one learns to look at educational
phenomena, as one ceases using stock responses to educational situations and develops habits
of perceptual exploration, the ability to experience qualities and their relationships increases.
This phenomenon occurs in virtually every arena in which connoisseurship has developed.
The orchid grower learns to look at orchids in a way that expands his or her perception of
their qualities. The makers of cabinets pay special attention to finish, types of wood and
grains, to forms of joining, to the treatment of edges. The football fan learns how to look at
plays” (set pieces in soccer), “defence patterns and game strategies. Once one develops a
perceptual foothold in an arena of activity — orchid growing, cabinet making, or football
watching- the skills used in that arena, one does not need the continual expertise of the critic
to negotiate new works, or games or situations. One generalizes the skills developed earlier
and expands them through further application” [8].

To develop this skill of connoisseurship | suggested to my trainee graduate teachers that at
the end of the day they should reflect on what had happened in a class, by trying to visualize
that class as an impressionist painting. | hoped it would help them understand (perceive) what
had happened that was educationally significant. Exhibit 2.1 which shows two reports from
student teachers on what happened in their classes when their students were taught a problem
solving heuristic. It might be argued that teacher (b) shows more insight than teacher (a) but
this is not to say, that with further experience teacher (a) would not show an increase in
insight, particularly if he/she had had sight of examples considered to have met the criteria.

The idea is to see the classroom in a different light. The skill of connoisseurship can only be
developed with practice and conversation. To further develop the skill | asked my graduate
trainees to provide me with an overall evaluation a week or so after the lesson had been
conducted, and after they had analysed the results of the test they had designed to evaluate
the strategy used. In the cases shown in exhibit 2.2 they had been asked to evaluate a reported
research on the effect of examples on teaching a concept (see chapter X), To enable them to
complete the final evaluation, I had provided them with a chapter from a book by Howard on



concept learning in order for them to make a judgement based on theory and the evaluation

practice.

@)

(b)

“As is normal in these research classes students are issued with the relevant handouts, and began
beavering away. The first handout issued related to their emotional and motivational states
(questionnaire), the second to their decision making models, the third was a repeat of the Payne
experiment, while the fourth familiarized them with the daily decisions of science, the fifth tested
the application of problem solving skills. The class was divided in half, one group were given the
problem solving sheet (questionnaire 4) and were not shown how to subsequently solve the problem.
A second group were tested and subsequently shown the correct way of solving the problem, and
then both groups were retested. Discounting memorisation this should (by comparative analysis of
the scores of group A and B) illustrate if problem solving skills can be taught. Distribution of
questionnaires takes up a large proportion of the student teacher’s time in such a class and efficient
organization is essential. The sequence of using the questionnaires together with a specified place
for each completed set must be designated beforehand by the researcher. Sloppy organization makes
for a badly run class and much time can be lost as a result. Students enjoyed playing with the
information search ‘card’ sheet which was passed around the class and as students completed the
questionnaires. The typing of the questionnaire by the school secretary was of immense benefit, as
students were not strained into deciphering my handwriting as is usual, in these exercises where
there is usually a large volume of hand written material. Students were patient in filling out the
forms and in listening to the initial ‘talk’ given about Kolb, the importance of educational research
and decision making skills to examination performance. They co-operated but class noise levels
were abnormally high. This exercise extended across 4 classes and what has been included here is a
general impression of all classes.” (See chapter XII).

“The first problem set to the class was a chemistry problem and approximately half the class got it
correct. | then asked the class to offer their views on what problems they might encounter in their
lives. This led to a discussion on the various types of problems that first years (13 years of age)
might typically encounter including exam questions, and to how to do away with teachers they
didn’t like.”

“I then explained what a heuristic was, and outlined the steps in the heuristic class to them. We went
through the steps in the heuristic and ‘solved’ the problem already given to them. One of the pupil’s
(Jordan) thought that four and five were the same, or at least there was not much of a difference
between these two steps. Some of the others in the class said that they already used these steps and it
was just stating the obvious. They were then set a second problem which they solved by themselves
in class, using the heuristic. However, | am not totally convinced that they actually understood the
heuristic to the problem. I think that maybe some of the pupils may have grasped the idea of a ‘plan
of action’ in order to solve a problem, but the rest have not realised the significance of the heuristic
and have not used it to help them solve the problem.”

“Although the pupils seemed to enjoy the discussion of problems in general (which were not subject
related) they did not appear willing (or maybe able) to apply the heuristic. I don’t think this lesson
was the most successful lesson I have ever taught.”

Exhibit 2.1

Eisner’s

view that skill in educational criticism requires an adequate theoretical base was met

by the provision of Howard’s book. Eisner clarifies what he means by this when he relates it
to reflective thinking which he regards as the base for curriculum thinking. He calls the
reflective moments that a teacher has “preactive teaching,” a term coined by P. W. Jackson.
Such moments occur, Eisner writes, “prior to actual teaching; planning at home, reflecting on
what has occurred during a particular class session, and discussing in groups ways to
organize the program. Theory here sophisticates personal reflection and group deliberation.




In so far as a theory suggests consequences flowing from particular circumstances, it enables
those who understand the theory to take these circumstances into account when planning.”

“In all of this, theory is not to be regarded as prescriptive but as suggestive. It is a framework,
a tool, a means through which the world can be construed. Any theory is but part of the total
picture...In one sense all teachers operate with theory, if we take theory to mean a general set
of ideas through which we make sense of the world “[8].

(@)

“In conclusion, I wish to say that the whole exercise was a very interesting process in which I learned
something new about educational theory, my subject, my students, and myself. | feel that this single small
experiment was an imperfect attempt to assess the theory on concept teaching, and with the benefit of
hindsight I could probably design the lesson plan | could probably design the lesson plan (and perhaps the
test) so that it better assisted the attainment of behavioural objectives. The theory seems to be correct-perhaps
useful is a better word- but | would hope to conduct experiments in the future using controls to arrive at a
stronger verification.”

“The second reading (Howard) appeared to offer little to alter the fundamental theory on the use of examples
and non-examples and rather offered refinements on its use, in addition to some other techniques (use of
metaphors and concept maps) to embellish it. From this I infer that the idea of using examples and non-
examples has held its own over the years, and it is in my own teaching practice that I will have to investigate
the value of the theory further. This will certainly require a restructuring of my approach to lesson planning
as the methods that | have been using hitherto have been based more on intuitive feel than hard facts and
experimental evidence.”

“The most exciting prospect is that the classroom can be approached as experimental laboratory in which to
apply, test, and evaluate ideas on how to improve students learning. The challenge to me as a teacher is to
become active in being experimental and open to changing my preconceived or un-thought through attitudes
on how to do things.”

(b)

“After reading Howard I would not have been afraid to use metaphors in the lesson. I was unsure of
beginning the class with connecting percentages to decimals and fractions, but like everything else in
mathematics everything is interconnected and cannot be understood until the lower steps have been mastered.
At the end of the class they realised that percentages, fractions and decimals represented a part of a value and
could tell the difference between them. | am familiar with students taking the incorrect aspects of the
metaphor in learning a concept and | am conscious only to use metaphors with great care only after
discriminating between the analogy and the new concept. | like the idea of concept mapping as this would
allow me to work out at what stage the students are at and it could help me start at their level instead of
having to make assumptions all of the time. If they didn’t understand what I was presenting I would have a
logical plan to refer back to. Likewise if they already knew what I was doing.”

Exhibit 2.2. Extracts from the evaluations of lessons given by graduate student teachers in (a) science and
(b) business mathematics in which they were asked to test the validity of specified research on the
teaching of concepts using examples (see chapter?). After they had completed their study they were given
a chapter from Howard, R.W. (1987) Concepts and Schemata. An Introduction. London Cassell, and asked
to take it account when writing their final evaluation.

All teachers whether they are aware of it or not use theories in their work. Tacit beliefs about
the nature of human intelligence, about factors that motivate children, and about the
conditions that foster learning in classrooms. These ideas not only influence their actions,
they also influence what they attend to in the classroom, that is, the concepts that are salient
in theories concerning pedagogical matters also tend to guide perception. Thus, theory
inevitably operates in the conduct of teaching as it does in other aspects of educational
deliberation. The major need is to be able to view situations from the varied perspectives that
different theories provide, and thus, to be in a position to avoid the limited vision of a single
view” [9]



If student is substituted for child(ren) in the above it will be seen to apply equally to higher
education. It seems to me to be akin to Newman’s ‘philosophical habit of mind” which is
continually developing the skill of criticism, and is surely what Elliott means by practical
reflection [10]. Newman wrote, “[...] a philosophical cast of thought, or a comprehensive
mind, or wisdom in conduct of policy, implies a connected view of the old” (the teachers
prior understanding) with the new” (the result of what happened in the class); “an insight
into the bearing and influence of each part” (the students and the teacher) “on every other;
without which there is no whole and could be no centre. It is the knowledge, not only of
things” (students and teacher), “but of their mutual relations. It is organized and therefore
living knowledge” [11].

One reason why trainee graduate teachers want their training programmes to concentrate on
giving them tips for teaching rather than on theory, is that they come with years of experience
of having been taught in one way or another. During that time they are forced to make
judgements about what constitutes good teaching, and what does not, on the basis of that
teaching. They acquire their own theories of effective teaching, and some of the theories that
teacher trainers might propose may bring about cognitive dissonance [12].

One criticism of the idea of connoisseurship is that connoisseurship is about taste, and critics
often disagree about taste. Therefore, evaluations should be based on empirically based
knowledge [20]. But assessors may well disagree about a particular teacher’s performance. A
check list such as those that are often used may not grasp the teacher’s performance as a
whole. The key is the success or otherwise of the class in achieving its objectives, and the
teacher’s willingness to change, if change is perceived to be necessary.

There is also the problem that a particular theory may not be easily transferable to a particular
class. Therefore, the function of the practical component of teacher education should be to
enable beginning teachers develop their own theories of teaching and tacit knowledge
through guided practice in which they evaluate a range of instructional strategies and
theories. This can only be achieved by some kind of ‘research’ which enables teachers to
“discover that the classroom is, or should be, a challenging research laboratory, with
questions to be pursued, data to be collected, analyses to be made, and improvements to be
tried and evaluated.” In that way the status of university teaching should also be raised with
the development of a scholarship of teaching, so thought K. Patricia Cross [21]. James
Trevelyan, a distinguished engineer goes one step further and argues that “it is helpful for
many engineering faculty to understand that teaching expertise can help their research as well
as classroom teaching” [22]. | will explain in chapter 3 how | asked my graduate student
teachers to evaluate a range of theories and strategies of teaching, and so reflect on and
develop their own theories.
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Appendix

Example of an action research in a primary (elementary) school initiated by a teacher with the
support of the Principal of his school.

This extract is from Heywood, J. (2008). Instructional and Curriculum Leadership. Towards
Inquiry Oriented Schools. Dublin, National Association for Principals and Deputies pages 45
ff. It is based on Prior, P (1985).Teacher Self-Evaluation using Classroom Action Research.
A Case Study. M.Ed Dissertation. University of Dublin, Dublin.

Pat Prior set out to establish the validity of Elliott’s model of action research in an Irish
primary school. He did this with the support of his Principal and his colleagues on the staff.
As defined by Elliott action research is “the study of a social situation with a view to
improving the quality of action within it.” (Elliott, J. (1991). Action Research for Educational
Change. Milton Keynes/Philadelphia, Open University Press.

The start of any research is to clarify the problem and this is often by no means easy. In the
first place Prior used, as did Elliott the Nominal group technique. This is an extension of
brainstorming. It has six stages- 1. Question setting. 2. Reflection. 3. Pooling. 4. Clarification.
5. Evaluation, and 6. Review. It is quite an extensive procedure and Prior found that in order
to clarify the problem he required more than one session.

One effect is that it requires teachers to publicly declare problems they have and in so doing
they have to try and separate self-esteem from classroom activity. Elliott found that teachers
find this difficult to do. Exercises like this also demonstrate that the problems that teachers
face in isolation are likely to be the case in other classrooms. Prior’s study found that his
school was no exception.

Prior circulated a summary of the first meeting. Before the next meeting he also circulated a
document that set down the aims and guidelines for future meetings. At this stage the purpose
was seen to be “to make a largely academic curriculum more meaningful for the development
of the whole student.”

At this stage the investigator also recorded the inability of the project to alter the academic
emphasis of the curriculum. The principal said that nothing could be done about it. “Efforts
should be made to make the academic curriculum more attractive to academically less able
students. Nevertheless, Prior reported that the variety of issues that had been raised offered
scope for classroom research. The teachers had to learn to focus. To get this focusing Prior



decided to intervene during the third meeting with the teachers through means of a statement
and a question. Comparison between the records of the earlier meeting and the meeting
suggested to Prior that at last the teachers had begun to focus.

The next stage in the Elliott model is reconnaissance. It has two components-description and
explanation of the problem. The problem now became that (1) some pupils were not fully
occupied in the class, and (2) how could this situation be improved? The first would be for
research the second would be for discussion meetings. Prior now asked his colleagues to
observe and record what happened in their classrooms. The questions to guide observation
are shown in the table. The written results ranged from the diary type listing of events to
reflection. The general conclusion was that teachers lessons aimed at the average group and
that those above or below this range were neglected.

At this stage Prior asked the teachers to shadow study a single pupil and to invite observers
into their rooms (triangulation). Tape recorder were also provided. The principal assisted by
supervising the class of a teacher who was observing. But at this stage Prior records that a
crisis occurred (in so far as the investigation was concerned) because what was happening
was not leading to change. He, therefore, decided to continue at a lower level and to
concentrate on change in classrooms rather than at school/staff level.

Ten hypotheses had emerged as a result of classroom observation. It was accepted that there
was a serious problem that centred on teacher’s problems in dealing with students of all
ability levels. It was proposed that there should be an in-service day to discuss this problem,
but for a number of reasons including the failure of the university (this writer) to come up
with a facilitator it never ran. There were now only 5 weeks left. So Prior decided to ask
teachers to become researchers in their own classrooms and to devise, implement and
evaluate a lesson that took into account the earlier findings and the hypotheses they
generated. The results were of some interest. One teacher whose study is fully recorded was
very successful but found the exercise exhausting.

Teachers were also asked to submit any aspect of learning that interested them; an interview
with the principal was also conducted.

Prior points out that while many teachers said that change was not possible because of class
size, one teacher had actually achieved such change.

This is by no means all but that is not for this text. While the project met with many
vicissitudes there is no way that it can be regarded as a failure. It may not have achieved its
goals but like any action research it achieved many things en-route. First, it showed that
many teachers find it difficult to reflect and have to be helped if they want to achieve a new
level of thinking. Second, the whole process is lengthy. Prior felt that if he were to do it again
he would shorten the process of finding the problem. Perhaps, however, teachers should go
through that lengthy process. Third, at the time he wrote he did not see a direct connection
with the whole school plan. When he undertook the project whole school planning was in its
infancy. Similarly research on TQM (Total Quality Management) in educational institutions
was only beginning to appear in books and journals. It seems clear from this research that a
school that concentrates on a project like this over a year is likely to achieve much more than
the engagement of small groups in different projects. Here the whole school was involved in
the problem of teaching mixed ability groups, a problem that is still with many teachers. It is



in this sense that we begin to understand the concept of teamwork in schools. Fourth, the
project indicates, [...] that there is much more to the design of instruction than is currently
thought to be the case. Fifth, the conduct of the project provided a chocs des opinions and
began to get the teachers thinking outside of their normal frames of reference. Instructional
leaders will find the maintenance of such attitudes difficult unless agreed changes are built
into the curriculum. Sixth, although teachers believed they were constrained by a received
curriculum and large class sizes they nevertheless were able to undertake developments
within these constraints. In all, during this period the school was of the kind described by
Cohn and Kottkamp, that is inquiry oriented with teachers acting as extended professionals.

Aim
To gather evidence from classrooms which is relevant to the following problem: there are some pupils who
are not fully occupied in class. How can this situation be improved?

Guidelines
Teacher asked to observe and describe the fact of the situation, using the following suggestions:

Which pupils are not adequately occupied in class?
What are such pupils doing when they should be working?
Do pupils so behave during a particular type of class or teaching or at certain times of the day?

Any other instance and circumstances of time wasting noticed.

Thus extract is from pages 3i3 — 317 of Heywood, J. (2009) Managing and Leading Schools as Learning
Organizations. Adaptability and Change. Dubli,. Original Writing for the National Association of Principals and
Deputies. The information on Prior’s course is taken from Prior, P. (1985). Teacher Self-Evaluation using
Classroom Action Research. Dubli,. Med Thesis. School of Education, University of Dublin.




Toward a Scholarship of Teaching. Teaching as Research

1. Introduction

In the middle 1950’s the only mechanism for training teachers in technical colleges in
England was day release to a Technical Teacher Training College of which there were four
scattered across the Country. Since technical teachers were not required to be trained those
who obtained day release for training were fortunate. There were, however, the little known
qualifications of the College of Preceptors that could be taken by self-study and examination.
The College was the first organization created for teacher training in the UK. It was
incorporated by Royal Charter in 1849. By the mid-twentieth century it offered an associate
diploma, a degree level licentiateship, and higher degree level fellowship that were intended
for practising teachers in the school sector. The examination for the licentiateship was in two
parts, subsequently extended to three: the first part might be described as the principles of
education, the study of philosophy, psychology, history of education and administration. The
second part related specifically to teaching and the subject that was being taught by the
candidate; in addition to a written examination it required a 10,000 word dissertation related
to the candidate’s experience of teaching during the preceding year; the third part consisting
of three papers related to knowledge of the subject taught by the teacher. Strangely enough,
given the focus on secondary education, part 2 could also be taken in “technical education”
for which there was a specific subject examination to which the dissertation had to be related.
In this part of the examination the College was encouraging teachers to become researchers
into their own instruction, and in so doing to extend their “tacit” knowledge. This is how I
qualified as a technical college teacher, and became interested in research in technical
education. | extended that interest by taking the fellowship.

The College recognized, as we are now beginning to recognize, that lectures were
unnecessary if all that they do is to repeat what is already in textbooks. Any person
sufficiently motivated could read the textbooks and learn to answer the examination
questions. Correspondence colleges were quick to offer programmes to support candidates
who valued tutorial support. The college also recognized the need to value practice, hence the
dissertation in part two of the Licentiate. It was this experience as a technical college teacher,
some 25 years earlier, together with my failure in Ireland to get the graduate trainee post-
primary teachers in my course in the Applied Psychology of Instruction to relate theory to
practice, and vice-versa that caused me to change the course into a series of action based
inquiries. They were now required to evaluate certain instructional strategies and theories in
their classrooms [1].

As it stood, the programme required the graduate-student teachers to prepare a huge number
of lesson plans. These generally contained a script for a lesson, often a modification from a
textbook and little else. | had no means of knowing whether the students used them in this
way or not, and came to the conclusion that they were rather a waste of time.

| also wanted to improve the approach to lesson planning because children show they
recognize when the organization of teaching and learning impedes the attainment of goals;



that is, if they are asked, which more often than not, they are not. One has only to look at
children at play to see that many of them bring structure and organization to what they are
doing. It helps their learning. One of the judgements they make about teachers is the degree
to which they organize what is to be taught, and how it is to be learnt. They do not want their
teachers to be chaotic.

2. The scholarship of teaching

Students in higher education are no different. Lessons and lectures have to have a degree of
planning if they are to be perceived as successful. Evaluation, if done properly, should yield
insights that develop the teachers tacit or working knowledge. Evaluation and reflection turn
teaching into a continuing activity of inquiry and, sometimes research. That is the
“scholarship of teaching.”

There were two premises behind this approach. First, the teachers were forced to take the
strategies and theories of instruction that would normally have been given in lectures, try
them out in the teaching situation, and determine their value for them. Second, for the trainee
teachers to develop critical skill in observing the “happenings” in their classrooms, in order to
prepare them to systematically investigate those they viewed as critical for the development
of their teaching. In this way the trainees were forced to challenge their own pre-conceived
theories which might be strengthened or changed as a result of these experiences. In so doing
they would acquire a system of tacit knowledge.

1. Academic Course: Introduction to activity (2 — 4 hours)

2. Student Preparation

(@) Read the literature on the designated topic (provided)

(b) Select a small topic from the literature for investigation (this may be to replicate one of the studies
reported in the literature).

(c) Design a lesson to test the hypothesis shown in (b); (this to include the entering characteristics of the
pupils, a statement of aims and objectives, the instructional procedures showing how they will test the
hypothesis etc)

(d) Design a pupil test of knowledge and skill which is directly related to the objectives of the lesson.

3. Academic Course: (only if students require a seminar) to iron out difficulties (2 hours).

4. Student Implementation
(@) Implement Class as designed.
(b) Immediate Evaluation. (Evaluation 1)

(i) What happened in the class?

(i) What happened to me?

(iii) What have | learnt about myself?
(iv) What have | learnt about my pupils?

5. One Week (or so) Later.
(@) Test Students- comment (Evaluation 2).
(b) Substantive evaluation (evaluation 3)
(i) How does what | have done relate to the theory which | set out to evaluate?
(i) How, if at all will this influence my teaching in the future?
(c) Submit report at the required time.

Exhibit 3.1 The process of the “lesson plan” activity (Heywood, J (2007). Instructional and Curriculum Leadership.
Towards Inquiry Oriented Schools. Dublin, Original Writing for the National Association of Principals and Deputies —
Chapter 5).



The process of each activity is outlined in exhibit 3.1. It does not include the tutor’s activity
in grading, or giving feedback on the assignment which is integral to the process. When the
course began the five activities to be investigated during the year were 1. The teaching of
concepts using examples. 2. The use of imagery in instruction. 3. The value of knowledge of
student learning styles to the tutor. 4. The relative merits of expository teaching when
compared with one or another form of discovery (inquiry) learning. 5. The merits of teaching
a problem solving/decision making heuristic in problem solving and learning [2].

The process might be described as pseudo-scientific experiment. The overall activity is no
different to any other design activity as exhibit 3.2 shows. The teacher had to design a lesson
to test the hypothesis that they had taken or deduced from the literature. Then they had to
design a test that is related to the content of the course as normally taught, and at the same
time, they had also to evaluate the method (theory) of instruction used: A considerable task.

The test had to be subjected to descriptive

statistical analysis, and a substantial written evaluation had to be made.

Simplified model of the engineering design process

Lesson planning process

Vague statement of what is wanted
Problem formulation

Broad view of problem

Problem analysis

Details of problem

Search

Many partial solutions mainly in concept form
Decision

Preferred solution

Specification

Details of proposed solution
Model

Evaluation

Manufacture

Knowledge

Problem formulation Cognitive skills

Affective skills
Assumptions
Alternative solutions

Statement of Aims and
Objectives

Construction of
Lesson Plan

Implementation of Feedback

Lesson

First evaluation
Test

Analysis of Data

Final Evaluation

Figure 3.2 the lesson planning process contrasted with a simplified model of the engineering design process due to E.
V. Krick (1969). An Introduction to Engineering and Engineering Design 2" edition. New York, Wiley. Page 156.

I would argue, that these studies meet Elliott’s requirement for action research because they
“study the social situation (classroom) with a view to improving the quality of action within
it” [3]. Because it was action research it was not expected that the student teachers should
stick strictly to the plan irrespective of difficulties experienced in the classroom. What
mattered was that satisfactory reasons were given for the change in plan. The progress of
teaching is often non-linear. 1t will be seen that section 2 requires the student to do the
reading that would normally have been given in support of a lecture on a particular theory, or
strategy of instruction. Sections 2(a) and (b) required an extensive essay response.




Nevertheless, it took me several years before | abandoned giving an introductory lecture and
replaced it by a dialogue session among the 100 or so students taking the course. It also took
me several years before | abandoned the traditional 2/3 hour terminal examination that had
been set at the end of the year in favour of a written examination in which one prior notice
question given out at the beginning of the course had to be answered. It had the intention of
obtaining the second goal of the course (see exhibit 3.3).

Write an essay on the following:

In your lesson plans you undertook investigations which replicated previously published research on learning in the
classrooms. However, one of the goals of the course is that you should be able to design investigations which help you
better to understand the significant investigations which help you better to understand the significant events which you
experience in the classroom. Describe any significant event which you have experienced that still requires explanation
and suggest procedures for its investigation. Give a detailed example of such research. (You may not use material from
your assessed lesson plans in this answer).

Exhibit 3.3 The seventh exercise which had to be completed either as an essay at the end of the term, or as a one hour
terminal paper. Previously it had been set as an examination only. The question was given to the students at the
beginning of the academic year (October) and examined in June. (Examples will be found in Heywood, J (1992).
Student teachers as Researchers of Instruction in the Classroom in J. H. C. Vonk and H. J van Helden (eds). New
Prospects for Teacher Education in Europe. Amsterdam, Free university; Association for Teacher Education in
Europe).

But, section 2 also requires the student to take an entirely different approach to lesson
planning. They are asked not only to prepare a lesson to meet the requirements of that part of
the school curriculum with which they are dealing, but design it in such a way that it would
test the theory or practice they were required to evaluate. It was a major task for a beginning
educator. It was one that | later found was equally difficult for experienced teachers in
continuing professional development programmes. Add to that the demand that they should
design a test that would not only test the routine matters of the curriculum, but the theory or
practice that they wished to evaluate. It was expected that this test would be administered a
week or so after the lesson had been delivered.

Immediately after the lesson had been given the students were asked to evaluate what had
happened (see also chapter 2). As exhibit 3.1 shows they were asked to say “what happened
in the class?” “What happened to me?” “What have I learnt about myself?”” And, “What have
I learnt about my pupils?” I certainly hoped that they would see this as an opportunity to
practice educational connoisseurship, and some students tried to do just that.

You may take the view that the example shown in exhibit 3.4 demonstrates such
connoisseurship. It shows that sometimes teachers misjudge the effects of a class. In this class
the teacher had decided to design a lesson in English (poetry) that catered for the needs of the
four different learning styles described by David Kolb [4- see chapter XII]. She chose it so
that it could be linked to the problem of bullying which had been raised with her by this class
of 12 year old boys. A second point is that students sense what is happening to teachers;
perhaps more readily than we would care to believe.

This activity had two purposes, one that | understood at the time, and one which I learnt, The
purpose that | understood at the time was the objective of getting these student graduate
educators to stop worrying about themselves, and begin to try and understand what was
happening to their students, and why. It is only recently that | have begun to realise that this
activity contributed to the development of their tacit knowledge, and that it is this tacit
knowledge that forms the basis of their technical knowledge and theories of learning.



Evaluation 1

The one thing that struck me even while | was teaching the lesson was the mute reaction of the class to all parts of this
lesson. They seemed to exhibit little enthusiasm for anything. They are a lively bunch, and I had thought that this poem
and topic would be perfect for them. They have just come out of the primary (elementary) school scene so the experience
would be relatively recent for them and they had previously brought up the topic of bullying voluntarily. The presence of
a supervisor from TCD could have been a contributing factor but this had coincided before with a lesson plan session
(lesson plan 1), and a glance at their performances in that class proves that this would not dampen their spirits. My
supervisor, who was only present for the first class, even commented on their very quietness, or had they had a class
before mine which repressed their behaviour, which incidentally, did not dramatically change after she left. Perhaps it
was just an off day for them. . My own performance on the day could also have been a contributing factor. On that
particular day I was quite sick so perhaps the students sensed that I wasn’t fully with them.

But however disappointed | was with the response of the class to the lesson, their results indicate that it was their best
performance so far (continues....)

Exhibit 3.4

Although the groups were small, anything from a 12 to 30 pupils, it is nevertheless useful for
trainees to do some basic statistics such as the mean and standard deviation of the test results,
if only to make them think about what is happening in the class. It is a second evaluation, but
of a very different kind. Since, it is undertaken a week or so after the lesson it gives the
student an opportunity to re-consider what happened, and what they have learnt that will
inform their future teaching. This activity was always called the third evaluation, but some
students used the term “reflection,” and for many it went beyond evaluation to reflection.

Sometimes the second evaluation (exhibit 3.5) ran into the third (exhibit 3.6). In this case the
teacher had designed two classes to evaluate the relative merits of expository and discovery
teaching. It was a science class on materials. He had found that the guided discovery class
were highly motivated, but that it did not seem to be, “enough to promote understanding as
demonstrated by the results.” He also found that brighter and middle range students
responded better to the inquiry approach whereas the weaker students seemed to benefit more
from the expository approach; “to a large extent I feel that the teacher has the ability to
motivate and create interest in a class with even the most tedious topics.” This extract from
his report is intended to illustrate that in doing this kind of action research the teacher who is
both observer and participant should be aware of the assumptions that have to be made, and
to understand the limitations on the illumination that the exercise might provide.

As indicated in chapter 2 in order to help students develop skills for the final evaluation, with
some exercises | gave the students a reference, and asked them to take it into account when
considering what they would do differently if they had the opportunity to repeat the exercise
again. The first exercise always asked the students to replicate one of the experiments on the
role of examples and non-examples in the teaching of concepts. Exhibit 3.7 is part of an
evaluation of the teaching of two classes the same concept of animal cells, but using different
approaches to the sequencing of the examples. As indicated in chapter 2 the students were
asked to read a text by R. W. Howard on concept learning [5]. Exhibit 3.7 shows how a
teacher’s position changed after reading Howard. Of some interest is the recognition that the
classroom was a laboratory for research. In my classification this evaluation belongs to the
class of technical evaluation and not reflection.



[...]

In reaching this rather tentative conclusion | have had to make several assumptions which have to be seriously considered
before these results could be considered valid.

1. That the questions in the exam tested the two methods. | do feel that this was a good exam and that it
encouraged the students to explain what they understood by the topic. However, one is assuming firstly that a
child can accurately put into words something that has been understood, and all pupils’ language skills are
equal. Also it is still hard to tell whether answers had been remembered but not understood. The students are
very eager in general and have had several surprise tests to date. The combination of these two facts means that
work is constantly covered at home by more eager students in the event of an exam. Hence, even in the
questions designed to test understanding, pure recall may be being used. It is very difficult to tell.

2. Itisalso assumed that the students in class I'Y did not know about the test. Their science class is always one day
after the IX class and hence it would not have taken much for the class to guess that they might have a test.
Again, it is possible that some of the more eager students revised for this exam. Also some of the results
actually increased from test one to test two in both IX and 1Y indicating, | feel more revision on the part of the
class in the interim period which again means that long-term recall was not tested.

3. That there was no overlap in the two methods. This, for me at least, is a very grey area. How much guidance
does one use in guided discovery? When does it stop being guidance and start being exposition? Until more
exact definitions exist for these methods it will be very difficult to know exactly what one is testing for.

4. That the novelty factor, as previously discussed, is not what is driving the motivation rather than a heart-felt
desire for knowledge and truth.

5. Finally, one is assuming that the statistics are valid. This itself is quite large assumption. In order to make any
valid conclusion, setting aside the inherent problems in the method discussed already, one would have to repeat
the exercise many times in order to get a significant sample. It would be wise to repeat it, using different topics
with the same classes and then with different classes. It would have to be investigated to see whether this is age
specific, gender-specific, race-specific and so on. To hazard a guess at this | would feel that perhaps boys
would benefit more from guided discovery in science, based on experience of teaching boys I found them prone
to throwing themselves into laboratory work and to wanting to do things themselves. It was nearly a sign of
weakness to ask a teacher for help. | am not entirely sure that age would have an effect once the subject matter
was suitable for that age group. (continues in exhibit 3.6)

Exhibit 3.5

Continued from exhibit 3.5.

As | result of this exercise | have, firstly, gotten to know my first year classes better which cannot have been a bad result.
Secondly, it has made me look at the way in which | approach teaching classes and how perhaps one approach all the
time is not ideal, even if just to tap into the novelty factor occasionally I feel that | would now tend to use discovery more
than before and have found ever since that | am reluctant to tell classes what the outcome of an experiment should be. |
prefer if they at least try to discover that for themselves.

Finally, it has made me realise how difficult a lot of Junior Certificate scientific concepts are in general and how
frustrating this subject must be for those who would certainly appear, as a result of this exercise, to spend much time in
the dark where science is concerned. Perhaps this is the most important piece of insight that | gained and it has certainly
given me food for thought.

Exhibit 3.6
3. Teaching and design

These activities are little different to design and make projects. Describing the key skill of
technical coordination in project management Trevelyan wrote, “First the engineer describes
what needs to be done and when, and negotiates a mutually agreeable arrangement with other
people who will be contributing their skills and expertise. Next, while the work is being
performed, the engineer keeps in contact with the people doing the work to review progress
and spot misunderstandings or differences of interpretation. The



If | were to teach this concept again | would emphasize the non-examples more with weaker students. In order to do this |
would use the idea of concept mapping as illustrated in the Howard reading. This is a process frequently used in science
and would have proved extremely useful of the concept of the animal cell. A map of its place in the human system and a
map of its place in the environment, including non-examples, such as rocks, within the environment, would possibly have
given the class a much clearer picture to focus on.

In addition, | would have used the idea of highly typical examples (Mervis and Pani, 1980) to more effect, again for
weaker students. Also, | feel that | did make effective use of metaphors and analogies. | could have arranged the class into
their own version of cells, with several grouping together to form a nucleus cell membrane etc. Also they could have been
given material to make ‘their own cells,” eg a balloon filled with jelly and rubber ball inserted into the balloon, acting as a
nucleus. Clearly, due to time constraints this would mean leaving out much of the practical work in the original lesson
plan, such as the microscope work or overhead projector work. However, | would be very interested to try these new
ideas and compare the results. The Howard article definitely opens up new opportunities in addition to those considered

in de Cecco and Crawford (the text issued to the class for the exercise).

[...]

Hence, my behavioural objectives were met to a large extent with both classes but, as mentioned, the weaker students
could well have benefited from a different approach.

Overall this was a very useful exercise in methods of teaching and has certainly opened my mind to new approaches. |
will definitely incorporate the ideas into my classes from now on. Finally, this exercise has shown me how the classroom
is a place for the teacher to learn and experiment also. | feel that I have a golden opportunity this year with two science
classes running in tandem to investigate as many new approaches as possible.

Exhibit 3.7.

engineer will also join in discussion of unexpected issues that arise, and may need to
compromise on original requirements. Third, when the work has been completed, the
engineer will carefully review the results and check that no further work or rectification is
needed.”

While this may be seen as project management work, “technical coordination is an
undocumented informal process that relies on personal influence, rather than lines of formal
authority. This corresponds closely with pedagogy: first setting the task for students, secondly
monitoring the students as they perform the task, offering help and guidance when needed,
elaborating on the requirements of the exercise when the students misunderstand, and finally
checking the student’s work and assessing it against criteria that define relative levels of
performance” [6]. It is within the process that the teacher negotiates his/her way through the
lesson, making key decisions on whom and what to give time to, and the important decision
as to whether to achieve the goals that were set in the lesson plan. Trevelyan’s point is that
much engineering requires social interaction, explanation and negotiation. Teaching, he
argues involves all three, therefore engineering students should be given the opportunity to
teach during their experience of college. “Teaching relies on accurate listening to understand
the learner’s needs, gaining the willing cooperation of the learner, planning expectations and
assessment, presenting carefully planned explanations, and observations of human behaviour
and responses. These are the same social interaction skills that form the foundations of most
professional skills we have observed engineers using” [7]. For this reason I believe that
faculty have much to learn from beginning teachers but for all that, they should not expect
students to undertake what they themselves are not prepared to undertake.

4. Teaching as research-an approach to scholarship

When the studies reported in this text were began in 1984 there were no texts that could be
given to the students, moreover the approach was greatly influenced by my experience of



engineering projects. This is no longer the case. Several texts have been written about
teaching as research and classroom research on both sides of the Atlantic [3, 8, 9].Two of the
texts that have interested engineering educators have come from Patricia Cross and her
colleagues Tom Angelo [10] and Mimi Steadman [11]. The first describes some fifty simple
techniques for assessing what is going on the classroom. These are listed in the appendix.
Many engineering educators use the “One minute Test.” The second is an advocacy of
qualitative research in classrooms with practical examples. There is no one perfect way in
achieving what is probably better called “the scholarship of teaching.”

In practice changing or developing the curriculum, irrespective of the level in the education
system, is a design activity which is very similar to planning a lesson.
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Appendix

The 50 classroom assessment techniques described by T. Angelo and K. P Cross in
Classroom Assessment Techniques. San Fransisco, Jossey Bass, 1993.

Techniques for Assessing Course-related Knowledge and Skills

Assessing prior knowledge, recall and understanding



Background Knowledge Probe.
Focused Listing
Misconception/preconception Check.
Empty Outlines.

Memory Matrix.

Minute Paper.

Muddiest Point.

NogakowhE

Assessing skill in analysis and critical Thinking
8. Categorizing Grid.
9. Defining features Matrix.
10. Proand Con grid.
11. Content, Form and Function Outlines.

12. Analytic memos.

Assessing skill in synthesis and creative thinking.
13. One-sentence summary.
14. Word Journal.
15. Approximate Analogies.
16. Concept maps.
17. Invented Dialogues
18. Annotated Portfolios.
Assessing skill in problem solving
19. Problem recognition tasks.
20. What’s the Principle?
21. Documented Problem Solutions.
22. Audio and Video Taped Protocols.
Assessing skill in application and performance
23. Directed Paraphrasing.
24. Applications Cards.
25. Student-generated Test Questions.
26. Human Tableau or Class Modeling.

27. Paper or Project Prospectus.



Techniques for Assessing Learner Attitudes, Values, and Self-Awareness.

Assessing students’ awareness of their attitudes and values.
28.
29.
30.
31.
32.

Classroom Opinion Polls.
Double-Entry Journals.

Profiles of Admirable Individuals.
Everyday Ethical Dilemmas.

Course-Related Self-Confidence Surveys.

Assessing students’ self-awareness as learners.
33.
34.
35.
36.

Focused Autobiographical Sketches.
Interest/Knowledge? Skills Checklists.
Goal Ranking and Matching.

Self-Assessment of ways of Learning

Assessing course-related learning and study skills, strategies and behaviours.

37.
38.
39.
40.

Productive Study-Time logs.
Punctuated Lectures.
Process Analysis.

Diagnostic Learning Logs.

Techniques for Assessing Learner Reactions to Instruction

Assessing learner reactions to teachers and teaching

41.
42.
43.
44,
45.

Chain Notes.

Electronic mail feedback.

Teacher designed feedback Forms.
Group Instructional Feedback Technique.

Fundamental Assessment Quality Circles.

Assessing learner reactions to class activities, assignments and materials.

46.
47.
48.
49.

Recall, Summarize, Question, Comment and Connect.
Group-Work Evaluations
Reading rating Sheets.

Assignment Assessments.



50. Exam Evaluations.



A

Objectives and Outcomes

1. The Social Efficiency Ideology

The social efficiency ideology requires that the curriculum serves utilitarian purposes, namely
the creation of wealth. Institutions have to be run like businesses: therefore, the curriculum
has to be seen to be providing measurable outcomes in the form of objectives now called
outcomes. In this paradigm the teacher’s role is to guide (manage, direct and supervise) the
learner to achieve the outcomes (or terminal performances) required. Knowledge is defined
behaviourally in terms of what a student “will be able to do,” as a result of learning. It is the
prevailing curriculum ideology in engineering education, as seen for example in the current
ABET philosophy. The social efficiency ideology has its origins in the objectives movement.

2. The objectives movement

The idea of stating educational objectives can be traced back to the end of the 19" Century.
In its present day form it begins with the publication in 1949 by Ralph Tyler of a small book
with the title Basic Principles of Curriculum and Instruction [1]. In it he set down four basic
tasks for the educator. These are:

Q) The determination of the objectives which the course (class, lecture) should seek
to obtain.

(i) The selection of the learning experiences that will help to bring about the
attainment of those objectives.

(iii)  The organization of those learning experiences so as to provide continuity and
sequence for the student, and help him/her integrate what might otherwise appear
as isolated experiences.

(iv)  The determination of the extent to which the objectives are being achieved.

It will be seen that assumptions are made about the content to be covered. The second task
will depend in no small way on the beliefs that the educational unit responsible for the
curriculum has about the delivery of that content, that is, the ideology it holds. The third task
highlights two of the big problems faced by engineering educators. The first, is that of
ensuring that the separate courses that make up the curriculum present a coherent picture of
what engineering is all about [2]. The second, is the amount of time that should be devoted to
each activity. There are continuing demands from engineering educators to increase the
content at the expense of nothing [3].

Apart from the fact that these four tasks are not carried out in a linear fashion, they cannot be
implemented without knowledge of the students entering characteristics, this being
particularly important when diversity among students is being sought. The process may be
expressed diagrammatically as in exhibit 4.1. Today, especially in the U.S this diagram
would take into account programme objectives and show how they are aligned with learning
objectives, or outcomes as commonly used today [4] The remainder of this chapter
documents a brief history of how the notion of objectives was developed for college and
university examiners following Tyler’s definition of an objective in 1949.



3. The Taxonomy of Educational Objectives

A few years later a committee led by Benjamin Bloom including Tyler, met to develop a
Taxonomy of Educational Objectives based on Tyler’s definition of an objective [5]. Present
day debates can be traced back to this definition.

The “group believed that some common framework used by all college and university
examiners could do much to promote the exchange of text materials and ideas for testing.
They also believed that such a framework could be useful in stimulating research on
examinations and education. After considerable discussion, there was agreement that the
framework might be best be obtained through a system of classifying the goals of the
educational process using the educational objectives” [6]. It certainly stimulated the research
and development of the Advanced level examination in Engineering Science in England [7].

The committee distinguished between three domains —the cognitive, affective and
psychomotor. The first volume on the cognitive domain was published in 1956. The goals of
education were stated in six classes or categories of educational behaviours arranged in order
of complexity. In this way they formed a taxonomy. The categories are shown in exhibit 4.2
(column A). Each of the categories was then sectionalised into sub-categories (e.g exhibit 4.2
column B). Each sub-category was further subdivided (e.g exhibit 4.2 column C), and finally
an expression of what the student would be able to do was reached (e.g exhibit 4.2 column.
D). The committee wrote, “this taxonomy is intended to be a classification of the student
behaviours which represent the intended outcomes of the educational process.”

In the late 1980’s educators began to favour the term outcome instead of objective [8], and
there were some specious attempts to differentiate between objectives and outcomes which
the group certainly did not intend. The group recognized that the actual behaviour of students
may differ from that of the intended behaviour specified by the objectives.

While Bloom’s group believed that the categories were generalizable across the curriculum,
they accepted that some subjects might have difficulty in reconciling their requirements with
the categories. The categories of geometrical and engineering drawing shown in exhibit 4.3
illustrate this point. The curriculum authorities felt it necessary to introduce categories for
“technique” and “visualization.” Those responsible for an engineering science examination
offered by the same authority introduced a category for “communication” and, added
“design” within the “synthesis” category [9]. Ken Ball of the Engineering Design Research
Unit at the University of Liverpool had advised the examining authorities, and they
circulated a paper that he had written in a now extinct bur reputable publication (Discovery)
on the differences between analysis and synthesis (see exhibit 4.4). He caused the concept of
“originality” to be included and defined in the Notes for the Guidance of Schools. At one
stage in their Notes for Guidance they included a category of creativity [10]. The engineering
science examiners did not think the categories were hierarchically ordered.

As stated, the limited requirements for “communication” would not meet the requirements
demanded by Trevelyan following his study of expertise among engineers at work [11].
Clearly all engineering educators have a responsibility in this area.



The Taxonomy became the most cited work of the 20™" century. It had world-wide impact, and
its use is often reported at the major engineering education conferences.

In 1994 the National Society for the Study of Education published a 40 year retrospective
[12]. Many of those who contributed to this volume went on to develop and publish a revised
Taxonomy in 2001 [13]. Its categories are listed in exhibit 4.5. It will be seen that the
knowledge category has been substantially changed. Distinctions are made between factual,
conceptual, procedural and metacognitive knowledge. Various sub-categories are open to
criticism, as for example, the illustration given of self-knowledge in the metacognitive
category which reads, “knowledge that critiquing essays is a personal strength, whereas
writing essays is a personal weakness; awareness of one’s own knowledge level.”

The cognitive process dimension recognizes “create” as its 6" criteria. The category of
“comprehension” is lost, and new categories of “remember” and “understand” are introduced.
The inclusion of “understand” is surprising, since one of the reasons for not using it in the
earlier Taxonomy was that you could not assess understanding. “Understanding” is a word
that is commonly used by educators, and it is this fact that is now recognized (p 269-270).
That is the reason for its inclusion in the revised Taxonomy [14]. The separate category of
“synthesis” was also omitted.

The skills of analysis, synthesis and evaluation in the original Taxonomy are sometimes
called Higher Order Thinking Skills (HOTS). They are associated with “critical thinking” and
“problem solving” which the authors say are covered by the revised Taxonomy, in so far as
they cut across rows, columns, and cells (p 270). Since the engineer’s identity is particularly
associated with “problem solving,” skill in problem solving is likely to remain a major aim of
engineering educators irrespective of the revised taxonomy. We will consider this issue again
in chapters V and VI.

4. Eisner’s objections to the objectives approach

When we speak of learning outcomes in the context of the objectives movement we mean
“intended learning outcomes,” but as Eisner points out they are often accompanied by
“unintended” outcomes that may or not be beneficial to the learner.

Although Eisner accepted the case for pre-formulated goals, he argued that there are many
activities for which we do not pre-formulate goals. We undertake the latter in anticipation
that something will happen even though we cannot specify what. For example, we do not
think much beyond the data, even though we could predict from the ample criteria at our
disposal. We evaluate retrospectively what happened against these criteria. Eisner then
deduces that teachers should be able to plan activities that do not have any specific
objectives. He calls these “expressive activities.” They precede rather than follow expressive
outcomes. To obtain expressive outcomes a teacher creates activities that are seminal. Eisner
writes, “What one is seeking is to have students engage in activities that are sufficiently rich
to allow for a wide, productive range of valuable outcomes.”

Eisner would probably have said to those who would provide well-defined outcomes for
research based final year projects, leave them alone for detailed assessment taxonomies might
limit expression. There is a need to examine the effect of long lists of outcomes on general



learning and creativity, in particular the strategies that students adapt to meet the
requirements of assessment, and to examine the impact of accidental competencies on
learning [15].

Related to Eisner’s objections is the effect The Taxonomy had on the language of teaching. It
removed terms such as understanding, critical thinking, and motivation that were part of the
teacher’s emotional vocabulary. To some extent the revisers recognized that this was a
problem and introduced the category of “understand.” But they did not categorize “problem
solving” or “critical thinking” which they felt were covered by other sub- categories.

Given the criticisms of The Taxonomy, several of which have not been considered here, [16]
it is not surprising that other Taxonomies have been developed that have interested
engineering educators [17].

In engineering the terms “critical thinking” and “problem solving” contribute to the way of
thinking in engineering. Attempts have been made to describe the abilities that contribute to
such skills. Of somewhat more importance than the issue of language is the overwhelming
influence of utilitarianism on educational policy, to the extent that reasoned argument about
the aims of education from other perspectives has virtually ceased.

5. Instructional planning

For some years after the publication of The Taxonomy the term “behavioural objective” was
used. Some authorities continue to use it. For example, in 1977, in the United Kingdom
Cohen and Mannion in their best-selling book on teaching practice, suggested that students
should, at the beginning of planning a lesson(s), state its (their) aim(s), non-behavioural
objective(s) and behavioural objective(s). “Aim” in this sense is something much more
limited than those that are discussed by philosophers [18].

| confess that both my students and | often found it difficult to distinguish between the aim
and the non-behavioural objective. In 2013, two engineering educators lost the distinction
between aim and non-behavioural objective with the substitution of “goal.” for both terms.
They also substituted “learning outcomes” for “behavioural objectives.” Exhibit 4.6 shows
how | used Cohen and Mannion’s advice to design two lessons on the construction of
objective items and procedures for objective test analysis. The behavioural objectives specify
what should be tested.

The first direct attempt to describe the value of The Taxonomy to engineering educators
seems to have been due to Jim Stice in what must be regarded as a seminal paper in
Engineering Education [19]. He arrives at The Taxonomy via a discussion of “instructional
objectives” which had become important for the developers of programmed instruction. He
followed the advice of Mager [20] who had written a much read book on the topic. Mager
had defined an objective as an “intent communicated by a statement describing a proposed
change in the learner.” Nowadays, the literature drops the intended and simply uses learning
outcome.

Mager evidently thinks that the student demonstrates a competence because his instruction
reads “describe the important conditions under which the learner will demonstrate
“competence.” How students learn a competence is a major issue for beginning engineering
educators, and relates to their understanding of learning more generally, matters which will



be taken up in later chapters. Holdhusen, James-Byrnes and Rodriguez have described a
lesson study for a distance education statics course. The idea is that faculty should develop,
teach, observe, analyse, and revise a single lesson for a single class period. “During the
planning, the instructors anticipate student, reactions, interpretations, and difficulties with the
lesson and alter the instructional experiences accordingly [...] One instructor delivers the
lesson while the other instructors observe student learning while the other instructors observe
student learning. The group then analyses these observations and the lesson is revised’[21]

Jim Stice reported that when he adopted an objectives approach to the design of his courses,
it made him ask questions about what was essential and what was not essential. He found that
some of what he had been teaching was inessential. This suggests that a really thorough going
analysis of a curriculum by objectives might lead to a reduction in content and, therefore,
reduce the load on students. This means that the syllabus should not be fitted to the
objectives, but derived from an analysis of the time required to learn key objectives.

6. Questioning, Questions and classroom management,

Classroom observations suggest that up to 80% of classroom time may be used for
questioning, and that most of the questions belong to the knowledge and comprehension
categories of the original taxonomy. Thus memory skills are encouraged at the expense of
higher order thinking skills [22]. Of the several reasons for this state of affairs three may be
singled out.

First, it may be due to lack of training in the design of questions for oral and written use.
Even experienced teachers of engineering have a fear of asking what have come to be called
“wicked questions.” Some teachers have a fear of scoring responses to questions where there
is no right answer, where student judgments have to be assessed. Exhibit 4.7 [23] shows how
command words and question type can help engineering educators design questions. To get
beyond level 3 of The Taxonomy demands that teachers stand outside the box, as well as
engage in dialogue with their colleagues, in order to learn how to develop such questions
[24], and there are reports that discuss the design of complex questions [25], and the ordering
of questions to achieve greater in-depth understanding [26].

It is equally important to teach students to ask questions, that is the right questions for the
ability to ask questions is at the heart of the competency of “diagnosis”. In fact questioning is
at the heart of the engineering process as will be seen from Trevelyan’s analysis of the expert
engineer [27].

Finally, even the most experienced teacher experiences lessons that go badly wrong. A
catalogue of such experiences with ideas of how to undertake damage control when they do
has been made by Gehringer [28]

7. Reconciliation; A conclusion

Discussion of The Taxonomy for the cognitive domain has completely overshadowed the
publication of the volume on the affective domain. Engineering educators are beginning to
recognize that this domain, however, defined is of considerable importance in engineering
practice [29] (see chapter XIV)].

The objectives movement has made us aware that we should be clear about what it is we are
trying to do. The problem is that in the search for validity and reliability it has become so



reductionist that there is a danger that long lists of outcomes, many of them trivial, cause a
search for ‘ticks’ rather than learning. But, The Taxonomy has shown us how to build up our
own categories and validate them. Among those of importance to engineers are problem
solving, problem finding, decision making, design, and diagnosis which will be considered in
the next chapter.

In the Assessment of College Performance (1979) [30], R. I. Miller tried to reconcile the
behavioural objectives approach with that of its opponents. He wrote, “(1) Objectives
expressed in measurable, behavioural terms are appropriate for basic skills and for other areas
where there is agreement about the components of an instructional program. (2) For most
purposes, behavioural objectives need not be reduced to trivial detail. The degree of
specificity may vary and should relate to the purpose of instruction and the understanding of
students and instructors. (3) The use of behaviourally stated objectives should be contained in
an instructional model which recognizes and provides for individual differences. (4) Complex
and long-range objectives should be include in a set of objectives even though they cannot be
described in precise terms or measured with a high degree of accuracy. 5. Educational
objectives must be appropriate to the social milieu at a given time, and students should
participate with their instructors in finding objectives that make sense to them. (6) In times
like the present when technological and social changes are rapid and the future uncertain, the
desired behaviours should be adaptable to situations other than the existing one. The ultimate
usefulness of behavioural objectives will depend on how effectively they may be adapted to
quite different learning needs and situations.” All of which seems to allow for expressive and
focussing objectives [31], as well as competencies that are accidental.



Theoretical Generalisation about the Nature of Evaluation & Instruction

(Shulman's generalisation of Cronbach's view of the nature of instruct—

ion. Item 6 has been added by rhis Writer — see Shulman, 1970)

~

g 1l. TYPE OF SUBJECT MATTER |
5. 2. TYPE OF INSTRUCTION 4.
ENTERING CHAR- OBJECTIVES
ACTERISTICS oF
O SIS 3. AMOUNT OF INSTRUCTIONAL) EDUCATION

TYPE AND PLACE IN IN—
STRUCTIONAL SEQUENCE

EVALUATION & ASSESSME

EXAMPLES OF THE VARIABLES GIVEN BY SHUILMAN:

l. Content of subject defined in task terms.

2.

3. No.

of minutes or hours of instruction:

instructional types.

4.

5.

6. Knowledge;

Exhibit 4.1

Products, processes:

/\

Expository—discovery (degree of guidance): inductive—-deductive,

position in sequence of

attitudes, self-perception.

Prior knowledge; aptitude; cognitive style: values.

comprehension; problem—solving skills, etc.

A. Principle Cognitive
domains of the
Taxonomy

B. Sub categories of the
Domain of
Comprehension

C. Domain of Comprehension
sub-category of “Translation”

D. Examples of abilities and
skills related to the category
of translation

Knowledge.
Comprehension.

Application.
Analysis.
Synthesis.
Evaluation

Translation.
Interpretation.
Extrapolation.

“Comprehension as evidenced by the
care and accuracy with which the
Communication is paraphrased

Or rendered from one language to the
Form of communication to another.
Translation is judged on the basis of
faithfulness and accuracy, that is on the
extent to which the material in the
original communication is preserved,
although the form of the communication
has been altered”.

The ability to understand non-
literal statements (metaphor,
symbolism, irony,
exaggeration).

Skill in translating
mathematical verbal material
into symbolic statements and
vice-versa.

Exhibit 4.2. The Domains of the Taxonomy of Educational Objectives (A) showing the domain of comprehension with its sub-

categories, the introduction to the sub-category of translation and two elements of that sub-category. Currently sub-abilities of the

type shown in D are often called learning outcomes. They are preceded by the phrase “The ability to” and followed by a verb
requiring action e.g. “to identify”; to communicate: to analyse: to make.” (Bloom, B et al (1964). The Taxonomy of Educational
Objectives. I. The Cognitive Domain. London, Longmans Green).




Knowledge and abilities to be tested.

Knowledge

Technique

Visualization and interpretation
Application

Analysis

Synthesis

Exhibit 4.3. Ability categories to be tested in geometrical and engineering drawing Advanced level (Joint
Matriculation Board, Manchester)



Before a designer can apply scientific principles to solve a particular problem he must first understand the scientific
principles themselves. At this point the first educational problem arises. The student understands scientific principles by
treating them in analytical way: this treatment unavoidably suppresses his ability to handle problems in engineering
design, in which the approach is dominated by synthesis.

A typical undergraduate problem illustrates the difference between the analytic and synthetic approaches. Diagram 1
shows an idealized theoretical model of a simple bridge, represented by a thin weightless rod resting on two supports
which is subjected to a vertical load. From this information the student can calculate the bending moment distributions
across the span. By adding an additional piece of information derived from the thickness and width of the beam forming
the span, he can determine the working stresses and compare them to the failure stresses, to predict whether such a bridge
could carry the applied load satisfactorily, this approach to structures is analytical in nature since it presupposes that the
span, position of loading, type of support, geometric properties of the beam, and the material from which the beam is
made are all known factors.

Diagram 1
FIGURE 2.1 Simple Idealised Model of a Bridge
W
|
v
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2 — Sp nt — a
Maximum shearing force = » Maximum bending moment = =
Diagram 2.

FIGURE 2.2  Typical Problem in Design

N

In contrast, the design problem which had to be solved before the analysis is possible is solved in a very different manner
(diagram 2). In the case of the bridge the only known factors are the load which the bridge must carry and the distance, or
span, over which the load is to travel. Having introduced a solution before the problem was stated the reader will have
already been conditioned to the obvious solution of diagram 1 whilst looking at diagram 2. However, the essence of the
real problem is synthesis rather than analysis.

Synthesis, or engineering design in this case, is concerned with the creation of a system which will meet a specified need
under conditions where the end product cannot necessarily be foreseen..... the essential difference between an analytical
approach to the problem and a synthesised solution. In practice, the engineering of a product must proceed by means of
synthesis or creative thinking. This is achieved by a mixture of scientifically based assumptions and estimates concerning
a particular part, or sub-system of the overall system, coupled with an analytic investigation of the behaviour of the sub-
system as the factors controlling it change: the analytical method can then be applied to the sub-system more accurately
than before. The procedure is repeated for each sub-system until eventually the understanding of the various sub-systems
leads to an understanding of the overall system.

Exhibit 4.4 Extract from K. Ball’s article in Discovery (April, 1966)- Design philosophy in engineering.



Procedural knowledge

Metacognitive knowledge

Knowledge of subject-
specific skills and
algorithms

Knowledge of subject-
specific techniques and
methods

Knowledge of criteria for
determining when to use
appropriate procedures

Apply
Analyse
Evaluate

Create

A. Knowledge B. Example of sub- C. Categories and D. Examples of
classification cognitive sub-categories
processes
Factual knowledge Remember
Conceptual knowledge Understand Interpreting (Clarifying,

paraphrasing, ,representing,
translating).

Exemplifying Illlustrating,
instantiating).

Classifying (categorizing,
subsuming).

Summarizing (abstracting,
generalizing).

Inferring ( concluding,
extrapolating, interpolating,
predicting).

Comparing (contrasting,
mapping, matching).
Explaining (constructing
models).

Generating (hypothesizing)
Planning (designing)
Producing (constructing)

Exhibit 4.5. From the summary of the revised Taxonomy. Anderson, L. W. and D. R. Krathwohl (2001). A Taxonomy
for Learning, Teaching, and Assessing. A revision of Bloom’s Taxonomy of Educational Objectives. New York. Addison
Wesley Longman (Abridged edition). The summary of the categories and cognitive process dimension contains a
separate list of alternate words for the sub-category title. Examples are given in brackets in column D.

Aim

To introduce the principles of objective testing (2 lectures)

Non-Behavioral Objective or Goal
At the end of three classes the student will be introduced to the principle types of objective item, how they are written, and
how objective test results are analyzed

Behavioral Objectives or Learning Outcomes or Competencies.
At the end of the exercise the student will be able to:
(@) Construct objective items into a test in the subject taught by the student.
(b) Conduct a short classroom test.
(c) Recognize the limitations of such tests.
(d) Conduct an item analysis of the test.
(e) Evaluate the analysis and suggest changes in the items where this is thought necessary.

Exhibit 4.6




Taxonomy Category Command words and question type

Knowledge Arrange, define, describe, match, order, memorize,
Name, note, order, repeat
Who? What? When?, Where? Questions.

Comprehension Alter, change, clarify, define in your own words,
Discuss, explain, extend. Give examples, translate.

Application Apply, calculate, compute, construct, operate
Practice, How many? Which?
Write an example question.

Analysis Analyse, appraise, categorize, compare, conclude
Contrast, criticize, diagnose, differentiate etc
Why? Questions

Synthesis Assemble, compile, compose, create, improve,

Synthesize, what if\? How can we improve? What would happen if? How can we
solve? Questions.

Evaluate Appraise, argue, choose, certify, criticize, decide,
Deduce, defend, discriminate, estimate, evaluate,
Recommend etc.

Exhibit 4.7. The categories of The taxonomy of Educational Objectives 9original version) showing command words
that begin statements and relevant question type (After Batanov, D. M., Dimmit, N. J and W. Chookittikul (2000). Q
and A teaching/learning model as a new basis for developing educational software. ASEE/IEEE Proceedings Frontiers
in Education Conference 1, F2b — 12 to 17.
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development. There are five modes of learning which have many similarities with
Piagetian/Brunerian development stages. These are sensori-motor, ikonic, concrete symbolic,
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question.

Unstructural. Where the learner is able to give answer that contain one correct feature.
Multistructural. Where the answer contains a check list of answers.

Relational. The answer integrates the items into an integrated whole.

Extended abstract. The answer is related to the more general body of knowledge.
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Its levels have also been related to deep and surface learning as well as the design of
examination questions (V).

It is of interest compare these levels with the way the rubrics for coursework assessment are
structured in Engineering Science at A level (vi)
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your decisions —(diagram 2).” He called these ascending order questions and reported of these
first year examples. He argued that for a student to answer a question in the second form
without first comparing and thereby analysing the various diagrams, thus applying his
knowledge and understanding of the principles to be tested by the question. He therefore,
operates, in the critical opening stages of this problem solving, at the fourth level of the
Bloom scale.”
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Problem Solving, its teaching, and the Curriculum Process
1. Introduction

There are significant differences between those who believe that problem solving should be
taught, and those who do not believe it to be a problem because problem solving skills
develop as the learner is totally immersed in the subject [1]. The former would seem to be
representative of the social efficiency ideology, and, it would seem, the latter belong to the
scholar academic ideology. In the view of the former knowledge is a skill which can be
learnt. It is to quote a distinguished psychologist of the last century, Robert Gagné, identified
by the “successful performance of tasks” [2]. His model will be considered in chapter X.

There is a sub-plot between those who believe that problem solving can be taught within
normal course structures and those who believe it should be taught in separate courses. Two
courses that aim to teach thinking skills, and have had some success are the instrumental
enrichment [3], and philosophy for young children programmes [4]. Both Russell Korte [5]
and Bill Grimson [6] have demonstrated the value of philosophy and its methods of reasoning
in engineering.

In engineering, the former position may be represented by W. E. Red [7] whose approach
will be discussed in chapter V1. The best known example of the latter is the McMaster
Problem Solving Course developed by Woods and his colleagues [8]. It needs to be stressed
that problem solving courses in engineering are designed to achieve knowledge and skill
goals. Courses that are designed around problems are often called Problem Based Learning
(PBL). They can also be designed around projects [9].

There are two extensive reviews of problem solving in engineering education. They approach
the topic in quite different ways. A 2005 review considered how engineering educators had
responded to the need to teach problem solving skills [10]. In a review in 2014, Jonassen
reviewed research from the perspective of problem solving in the work place [11a], and also

the specific problem of “transfer” , so necessary in solving industrial problems, in physics
[11b]

In this chapter and chapter VI, the focus is on what educators have revealed about their
approaches to teaching problem solving, decision making and critical thinking that may be
helpful. They will also be examined for the contribution they may make to the construction of
a category of “problem solving.” It should be noted that lists of sub-abilities that contribute to
problem solving and critical thinking had been developed in the 1960’s and 1970’s in both
the school and higher education systems (Exhibit 5.1) [12, 13]. In chapter VII these issues
will be considered from the perspective of intelligence and the question “Can we teach
intelligence?”

This chapter is primarily concerned with problem solving, the curriculum process and
assessment.



2. Definitions, and approaches to teaching problems solving.

One of the problems in this area of study is that linear models of problem solving, critical
thinking and decision making are almost always defined by categories of problem finding
(formulation), problem analysis (alternative solutions, assumptions made), plan of action,
actions, outcome, and evaluation (feedback), yet the literature produces quite different
insights. Here the concern is with problem solving, but with two caveats.

First, F. J. McDonald asserted that problem finding/problem formulation is a different
competency to the competency of problem solving [14]. (I use competency to describe a
grouping of sub-abilities that make up a particular skill), Second, two Scandinavian’s Sutinen
and Tarhio distinguished between problem solving and problem management.....”the term
‘management’ instead of ‘solving’ (problem management) stresses that a problem always
undergoes a process. A solution of a problem is nothing more than one of the stages of this
process: a potential end-product to be evaluated before finishing, the more extensive process”
[15]. This view is in keeping with the axiom that a learner will be better able to learn to solve
problems if the learner has a model of the problem solving process in mind such as that
suggested by J. L. Saupé [16] (see exhibit 5.2). The models that some engineering educators
have used to teach problem solving skills are clearly heuristics of the process.

Crudely speaking there have been three approaches to the development of problem solving
skills as alternatives to total immersion. The first is to design assessments that test problem
finding and problem solving skills [17, 18]. The second is based on the use of heuristics as
advocated by Billy Koen [19]. He claims that this is a universal method that extends beyond
engineering [20]. The third stems from trying to find out how engineers learn. It is in the
tradition of that research which tries to establish the differences between experts and novices
pioneered by such persons as the Nobel Laureate Herbert Simon [21].

3. Types of problem, difficulty and complexity

Kahney distinguished between well-defined problems and ill-structured problems [22]. The
latter seem now to be called “wicked” problems. Bolton and Ross [23] who cited Kahney also
cited Thompson [24]. He distinguished between open and closed problems: they seem to be
at the extreme ends of a spectrum. Closed problems that are amenable to a single correct
solution are at one end, and open problems that are not amenable to such a solution are at the
other end. Any problem on the spectrum should be able to be taught in the classroom
although the time taken for such teaching is likely to vary not only with the complexity of the
problem, but with the ability of the students to understand the concepts involved. The
complaint against engineering educators is that they do not pay enough attention to the
wicked problems that arise in engineering practice.

In many ways the detail of this spectrum can be seen in a table by Dean and Plants which
suggests five stages of problem solving sophistication (exhibit 5. 3) [25]. They show a
relationship between routines and the higher-level skills of problem solving, as well as the
importance of routines in the development of open-ended problem solving skills.

Related to this table are five levels of difficulty proposed by D. K. Apple and his associates
(exhibit 5.4) [26]. Inspection of these levels suggests a crude relationship with the levels in
the original version of The Taxonomy of Educational Objectives.



A more specific relationship with the Taxonomy of Educational Objectives has been made by
Prince and Hoyt [27]. They distinguish between introductory problem solving in which
knowledge, comprehension and application come into play: intermediate problem solving
involving analysis: and, advanced problem solving involving synthesis and evaluation. Prince
and Hoyt make the point that traditional engineering courses rely heavily on textbook
problems that do not require problem solving skills that are relevant. The textbook exercises
test the material in the chapter being read. They wrote, “That is not the point of ‘problem
solving’ in any real sense.” Students, Prince and Hoyt said, while being able to solve
textbook problems may not be able to apply the concepts to real problems. This is the
problem of “transfer.” Skill in transfer can only be developed by showing students how to
solve actual engineering problems; the need for carefully chosen exemplars cannot be
overstressed (see also chapter X). This is particularly the case in problem based (PBL) or
project based learning [5].

Much attention is being giving to the design and solution of “real world” problems. A study
by Strobel and Cardella showed that the experience of engineers in the real world of
problems are that many of them are compound [28]. That is, they contain a variety of
different problem types, moreover, transitions from one type of problem type to another
within a compound problem are a unique class of problem themselves.

Clearly, assessment, its structure and design impact on the way students learn problem
solving competencies and develop the skills of transfer.

4. Assessment, instruction and objectives. The curriculum process.

A group of mathematics teachers were asked to take part in the redesign of a public
examination in mathematics for fifteen year olds [29]. While they were able to develop
objectives for the course they were not allowed to alter the syllabus (content). They were
required to trial their experimental examination on the students they taught. This had to be
done as part of their regular teaching for the public examination.

A widely held view among these teachers was that the official public examination tested
knowledge and comprehension, and that recall played a large role in performance. They
wanted to test the higher levels of thinking in particular “analysis” which they associated with
problem solving. Surprisingly, when this particular sub-test was evaluated, it was found that
the students performed very badly.

Although the reasons given for this result are complex, the evaluators found that because the
teachers had to follow the official syllabus, they did not give the pupils specific instruction in
the problem solving skills they were demanding, since the syllabus did not demand such
skills. This gives support to the view that problem solving requires teaching, and that would,
in any event, immerse the students in the subject [30].

Similarly, in a public examination in Engineering Science for 17/18 year olds in England the
students were required to complete a substantial project. Before they could begin work on the
project they had to complete a formal project proposal. The candidate had to propose a title
that was clear and unambiguous, prepare an analysis of the problem, consider the practical
problems to be solved, offer possible solutions, state the resources that would be required,
and present a timetable for completion [31]. The final report would be a substantial expansion
of the proposal together with full details of what had been accomplished. In this way,



candidates would be able to demonstrate their capability in applying their engineering science
to practical problems, and gain an understanding of the design process.

The examiners decided that they would test the skills involved in project planning in a sub-
written test (see exhibit 5.5). They expected there would be a transfer of skill from the
experience of completing the project to completing a project proposal in a written
examination: therefore, a high correlation between the marks for coursework assessment and
the written paper was predicted. Not so. The evaluation was completed on three successive
occasions (including the sub-paper shown in exhibit 5.5). As in the previous example a
number of explanations were possible including criticism of the method of analysis. But
among the explanations was the finding that no specific instruction was given in design, or on
how to approach the written paper. The need for instruction becomes more apparent if the
reason as to why this correlation was found which was offered several years later is taken into
account. It suggested that because the times required to complete the two exercises were
substantially different (50 hours for the project; 1 hour for the exam) that different kinds of
executive skills were required [32].

These two examples support the view that students need instruction in the knowledge and
skills that are to be tested. There is nothing wrong with teaching to the test provided that the
test questions are properly designed, and are not tests of recall.

These examples also show the complexity of the curriculum process for which reason | prefer
to illustrate it in the non-linear form shown in exhibit 5.6. You will only achieve outcomes by
chance if instruction is not provided on the learning required to obtain them. Recently in the
United States engineering educators have begun to call this linkage “alignment”. However,
“alignment” does not convey the complexity of the problem because if the learning strategy is
changed and more time given to achieve effective learning, other outcomes will have to be
dropped, and the curriculum will be changed. The curriculum is a dynamic process. The
learning of concepts will be discussed in chapter 1.

As long ago as 1976 a group of freshman students wrote about their experience and gave their
view of the factors that contribute to effective problem solving in Engineering Education
[33]. These were:

1. There must be a problem or an awareness that a problem exists.
2. Six pre-requisite skills and attitudes are essential. These are:

Q) The basic knowledge pertinent to the problem(s).

(i) The learning skills necessary to obtain the information necessary to solve the
problem.

(ili)) ~ The motivation to want to solve the problem.

(iv)  The memorized experience of factors that provide order of magnitude
“feelings” as to what assumptions can be made and how reasonable the answer
is.

(v)  The ability to communicate the answer; and perhaps,

(vi)  Group skills if the problem must be solved by a group of people.

3. Anoverall organized strategy is required.

For specific steps in the strategy, there are well known alternatives.

5. A problem solver uses four abilities time and time again. These are to create, analyse,
generalize, and simplify.

B



6. Sets of “good hints” or “heuristics” have been developed about what to do next.

This is a useful guide for beginning educators provided that it is understood that since 1976
numerous “good hints” and “heuristics have been proffered in the literature, and advances
have been made in our understanding of problem solving, and the needs that students of
different levels learning have. The students make no reference to the time needed for
learning, or the learning level at which a problem should be set.

5. Difficulty in, and time for learning

The evaluators of the mathematics teacher’s designed examination papers referred to
previously, found that too often the teachers designed questions that were too difficult for the
students. There were a number of reasons as to why this should have been, as for example,
the relative aptitudes of the pupils tested. Nevertheless, it seems that mathematics teachers
are not the only ones that do, or have done this. I plead guilty! The difficulties that some
instructors have with freshman students may be that they over-estimate their specific
aptitudes in relation to the subject matter. They may also underestimate the time that students
require to comprehend a given concept. These are matters to which we will return in chapter
X. In the meantime it is instructive to consider how experts differ from novices.

One way of distinguishing novices from experts is to get them to draw concept maps of how
they perceive a particular problem. In one study in biomedical engineering. Walker and King
[34] reported that concept maps of a traditional kind revealed that when experts and novices
were asked to illustrate the relationships between the 10-20 most important concepts in
biomedical engineering, the expert’s maps were much more dense than the maps of the
novices. They conducted a second study which obtained concept maps at different times
during the course and found that the later maps had more concepts, more precise vocabulary,
and greater validity.

In civil engineering Fordyce [35] used an unconventional approach to mapping the concept of
stress to try and understand the cognitive structure that the students had. He found, similarly
to Walker and King, that the maps of the expert were different in kind to those of the novices.
The study also confirmed that knowledge structures require time and experience to develop.
Students cannot be hassled. Further, it supports the contention that teaching should be
governed by an understanding of student learning. Teachers should avoid imposing their
structures on beginning students. In so far as first year students are concerned, Fordyce felt
that “it would be reasonable to expect only simple first level models in relation to a confident
‘unified scientific outcome’ where it exists.” Fordyce draws attention to the need to help
students develop confidence, once more underlining the importance of the affective domain,
and the context in which real life work takes place [36, 37].

Studies of novices and experts continue to be made. The University of Leeds (U.K) and
Arizona State University undertook a comparative study of product design and engineering
student teams. It was found that a key characteristic of the product design teams were use of
drawings throughout the process; in contrast the freshmen engineering teams carried out more
detailed information gathering activities. These differences between senior product and
freshmen engineering teams reflected the emphasis in areas of the curriculum” [38]. The
study is a reminder of the importance of studies of engineers at work. It also has a bearing on



the teaching of engineering in schools (K-12), and the role that visualisation has in problem
solving [39].

The discussion continues in chapter 6.
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8.

9.

The critical thinker
1.

Asks significant and pertinent questions and states problems with specificity. Arrives at solutions through
hypothesis inquiry, analysis, and interpretations.

Assesses statements, insights and arguments according to the knowledge and skills provided by formal and
informal logic and by the principles of aesthetic judgement.

Derives meaning through an educated perception, whether propositional, systematic or intuitive.

Formulates propositions or judgements in terms of clearly defined sets of criteria.

Strives to acquire knowledge of the various disciplines, knowing that such knowledge is a necessary, though
not sufficient condition for critical thinking.

Understands the different modes of thought appropriate to the various disciplines. Can apply these modes of
thought to other disciplines and to life.

I aware of the context setting in which judgements are made, and of the practical consequences and values
involved.

Thinks about the world through theories, assessing these theories and their contexts to determine the validity of
their claims to knowledge of reality.

Seeks and expects to find different meanings simultaneously present in a work or event. Is intrigued and curious
about phenomena others might avoid, disavow, or disagree.

10. Recognizes and accepts contradiction and ambiguity, understanding that they are an integral part of thought and
creativity.

11. Constructs and interprets reality with a holistic and dialectical perspective. Sees the interconnectedness within a
system and between systems.

12. Is aware of the problematical and ambiguous character of reality. Understands that language and knowledge are
already interpretations of reality.

13. Tolerates ambiguity, yet can assume a committed position.

14. Is aware of the limitations of knowledge and figures epistemological humility.

Exhibit 5. 1. Cromwell’s profile of the critical thinker in the arts and humanities [8].

N~ WNE

Ability to recognize the existence of a problem. (Problem finding).
Ability to define the problem. (Problem solving)
Ability to select information pertinent to the problem. (Problem solving)
Ability to recognize assumptions bearing on the problem. (Problem solving)
Ability to make relevant hypotheses. (Problem solving)

Ability to draw conclusions validly from assumptions, hypotheses and pertinent information.
Ability to judge the validity of the processes leading to the conclusion (Problem solving)
Ability to evaluate a conclusion in terms of its assessment. (Problem solving)

Exhibit 5.2. J. Saupé’s steps in the process of problem solving [11].




Stages of problem solving sophistication

Routines
Operations which, once begun, afford no opportunity for decision, but proceed by simple or complex mathematical steps
to a unique solution.

Diagnosis
Sorting out correct routines from incorrect routines for the solution of a particular problem.

Strategy
The choice of a particular routine for the solution of a problem which may be solved by several routines or variations of
routines, all of which are known to the student,

Interpretation
The reduction of a real-world situation to data which can be used in a routine, and the expansion of a problem solution to
determine its implications in the real world.

Generation
The development of routines which are new to the problem solver.

Exhibit 5.3. Stages of problem solving sophistication due to R. H. Dean and H. L. Plants [18] and summarized in this
form by W. E. Red [3].

Level Description
1. Automatic Performance of task without thinking.
2. Skill exercise Consciously involved but minimal challenge using specific knowledge.
3. Problem solving Challenging, but possible with current knowledge and skills through a

strong problem solving approach.

4. Research Requires additional knowledge that currently does not exist within a
learning effort to effectively accomplish the task.

Cannot be accomplished without a significant increase in capacity, most
5. Overwhelming likely to bringing in additional expertise.

Exhibit 5.4. Levels of difficulty in problem solving situations due to D. K. Apple and colleagues [20]



Section C. Project Design.
Answer all parts of this question in the twelve-page answer book provided.
Time allowed 1 hour.

This question forms a project planning exercise similar to that undertaken as part of the Course Work requirement. Credit
will be given for depth of thought, consideration of practical alternatives where relevant, and for clear statements of
reasons for decisions and choices.

You are advised to spend at least 40 minutes on part (b)

A Battery
B Control unit
C Motor
D Reduction gearing
E Steering mechanism
F Rudder
A schematic diagram showing the place of the motor in the steering-control system.

The rudder mechanism of a remotely controlled model boat, figure, is to be driven by a small electric motor. A range of
small motors is available all designed to be operated from a 1.5 volt battery.

(a) List the motor characteristics which need to be known before a motor can be chosen suitable for a given rudder
mechanism, reduction gearing and battery system. Indicate the relative importance of these characteristics. Give
reasons for your answers.

(b) Design an experimental procedure to determine the most important electromechanical characteristics of the
motor. Pay particular attention to the selection and design of the equipment you would use, stating reasons for
the decisions made. Outline the procedure you would adopt and show how you would use your observations to
enable you to obtain the desired information.

(c) Estimate the total time you would need for the investigation. Draw up a timetable indicating how many hours
would be required for the major activities to be undertaken.

Exhibit 5.5. Example of the sub-test in Project Design in the Engineering Science Advanced level Examination set by
the Joint Matriculation, 1973.



Exhibit 5.6. A model of the curriculum process to indicate (1) the first phase in which the structure of the syllabus
content is derived, and (2) how the intended learning outcomes are a function of a complex interaction between all the
parameters, and allowing that there will also be unintended outcomes.
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Vi
Critical Thinking, Decision Making, and Problem Solving

1. Introduction.

Leibold and his colleague students expressed the need for ‘hints’ and ‘heuristics’ to help them
with problem solving (chapter V). Perhaps the best known heuristic is due to Polya [1]. In
engineering it was adapted by Red [2], and Rosati used it to design computer routines for
problems in engineering statics [3]. A modified version was also used in the McMaster
Problem Solving Course in engineering [4]. Fuller and Kardos explain how maps, known as
Polya maps, can be used to define problems in engineering [5]. However, in 1986 Wales and
Stager published a series of articles in Engineering Education on Guided Design [6], a
decision making heuristic that they regarded as universal, that is, it may be applied within any
subject of the curriculum (exhibit 6.1).

Wales and Stager argued that because guided design is part system and part attitude it is
important to pay attention to the needs of the students. In their model these needs are
perceived to be hierarchical, and ordered as in Maslow’s model of motivation [7].The course
“is based on the conviction that the student who works through an ascending order of well-
designed problems, who is actively seeking solutions to problems rather than passively
assimilating knowledge, will emerge not only better educated but far stronger intellectually”
[8]. The problems are chosen to be relevant and interdisciplinary.

During their decision making course the students “work in small groups (and) attack open
ended problems rather than masses of information.” The course is structured so that each
problem creates the need for subject matter that has to be learned independently by the
student out of class time. Its purpose is to show that knowledge of concepts, principles, and
values is necessary. The teacher is a facilitator who in part listens and encourages the students
to participate in the decision making process, and in part by asking them leading questions.

From their Centre for Guided Design they published books to support their case [9]. They
also published a series of Sherlock Holmes stories designed to illustrate the heuristic in
action. In these situations the decision maker (the detective) had to ask, when defining the
situation, who is involved? (The actors). What things are involved? (The props). What
happened? (Cause). How serious is its effect? (Effect). These are questions that help the
decision maker ‘learn’ about the situation, and in this sense this decision making model is
also a model of learning. Thus, we might conclude, that if students use such a model of
decision making, they are likely to enhance their learning.

2. Teaching a decision making heuristic

With this in mind, and since they claimed that the model is generalizable, | asked all my
graduate trainee teachers to evaluate a model of decision making with the strong suggestion
that they should consider the Wales and Stager model [10]. Most did, but some preferred the
Polya heuristic. Some modified the Guided Design model by adding a 6" stage, for example,
“Look back (was your decision a good one? Is there a better answer).”



In the year that their work was evaluated in detail, it was not possible to say that the students’
decision making skills were improved as a result of the exercise, but there was evidence of an
improvement in average test performance among average and weaker students. Most of the
student teachers (80%) thought the exercise had been of value in developing decision making
skills, but just under half thought that only some of their school students greatly benefited.

In previous years the student teachers had reported that low achieving pupils benefited the
most from the exercise. They thought that it helped them retain concepts, and that their self-
esteem was enhanced. One reason for this might be that the weak pupils benefit from the
structure imposed on their study by the heuristic, although not every pupil liked the planning
that it required. For these pupils it might also induce “set mechanization;” (see below) but, it
can be argued that it is better for the weaker student to solve problems rather than to give up.
The examples show that the heuristic was a powerful diagnostic tool since it revealed that
weaker pupils find it difficult to formulate a problem, or distinguish between relevant and
irrelevant information. This may be found to be true of pupils functioning at much higher
levels of abstraction. Some of these brighter pupils did not see the value of the heuristic. It
seemed that it clashed with their own ways of thinking. It seems to me that it would safe to
substitute undergraduate for pupil in the above, certainly freshmen.

These exercises confirmed that the heuristic may be applied in any subject of the curriculum
(exhibit 6.2).1n this example the notes for stage 4 indicate that the teacher had made use of
the literature that the class had been given about other decision making models. Question 1 of
the test however, suggests that the pupils might be given to understand that there is only one
way of solving problems. This seems to be the case with question 1 of the test shown in
exhibit 6.3. Students need to be shown a variety of ways of solving problems otherwise they
can easily fall into the trap of “set mechanization” in which the pupils always use the same
model of problem solving even when it is inappropriate [11].

One student teacher of business studies to 16 year olds did recognize this problem. She
argued that some problems would not be best solved by the Wales and Stager approach, and
she gave an example of a problem where there could only be one right answer for which a
compensatory approach would be more appropriate. She went on to say that “the importance
of ‘set’ is that the teacher should try to design problems which have several different methods
or solutions so that the pupil becomes aware that the most complex problems, and indeed the
most simple ones, can be solved in different ways. If they become familiar with this when
facing new problems they will realise there may be more than one way to solve it.

Just how difficult this may be, is illustrated by another teacher of business studies to the
same age group. She reported that even though the pupils responded positively to the
teaching of the decision making heuristic, and were able to recall various stages, when it
came to actually attempting the second game, the heuristic was abandoned...They didn’t use
the systematic approach reverting instead to their basic instincts.” As Peter Lydon (whose
report has been published in full elsewhere) put it “the knowledge they acquired is by no
means permanently in their heads. Only by continued exposure to this type of exercise, or
better still, this method of teaching will the pupils be able to become critical thinkers, or at
the very least effective decision makers.” To achieve that goal teachers’ would have to plan a
curriculum not just a lesson [12].



In this study the use of the heuristic changed the role of the teachers as they responded to
active learning, and for some it provided a structure for their learning, and others the
beginning of meta-cognition.

3. Qualitative strategies

Studies of experts and novices (e.g. Larkin [13], and chapter V) showed that there was
something more to problem solving than the learning of a range of heuristics [14]. It was
suggested that a major learning impediment to solving engineering problems is the inability
of undergraduates to use qualitative strategies in problem solving.

Cowan [15] found that engineering students handled qualitative analysis ineffectively. He
used protocols to help him understand what was happening. It led him to develop a style of
tutorial question which “literally demanded qualitative understanding and offered no return
for quantitative understanding in other words, | introduced problems where a solution could
not be obtained merely by applying formulae and carrying out calculations, but called instead
for the application of deep conceptual understanding.” He went on to say, “These problems
incidentally, often proved insuperable for conventional lecturers accustomed to following
algorithms rather than thinking. Quantitative understanding that is the result of routine
calculations does not necessarily require a sound grasp of the concept whereas qualitative
understanding does (exhibit 6.4), which is why understanding how novices learn concepts is
important (see Chapter V). Note 20 of Chapter IV gave details of one of the assessment
questions he used to test qualitative thinking.

In the United States McCracken and Newstetter [16] drew attention to another difficulty in
thinking both qualitatively and quantitatively that arises from the fact that engineers have to
speak a number of “languages.” They propose the use of “representational transformation”.
Such transformations are “built upon community-sanctioned practices often referred to as
“back of envelope” calculations”. Engineers often do such calculations. They begin with a
problem statement, which is then transformed into a problem as they relate to each other; it is
then finally translated into a set of mathematical formulae. The diagrammatic account is
qualitative.

McCracken and Newstetter point out that the knowledge necessary to undertake these
representational transformations is central to engineering practice. They argued that one of
the reasons why students may find problem solving difficult is that since each representation
uses different symbols, and is therefore a different linguistic system, engineering students are
faced with having to learn three different languages. “Multiple literacies are required to do
engineering problem solving.” This is evidently related to the solution of compound problems
discussed by Strobel and Cardella in chapter V

4. Critical thinking

Nowhere are differences between educational cultures more exposed than in considerations
of critical thinking. In the United States, critical thinking is often assessed by using
standardised tests [17]. In the British Isles many academics would say, “Well our tests
(teacher designed) do that anyway.” Critical thinking is acquired by osmosis. Cajander and
his colleagues at Uppsala University in Sweden write, “it is not uncommon to view
competencies such as critical thinking and communication as something that develops as a
side effect while learning is the knowledge associated with a subject e.g. computer science.”



For which reason, much of the literature that relates critical thinking to assessment is from the
United States.

As with assessment, the concept suffers from the fact that not all those who study critical
thinking agree about what it means [18; 19]. The focus of some participants is on inductive
and deductive logic, whereas others simply consider it to be a process of problem solving. As
might be expected, this is the perspective that has been adopted by some engineering
educators.

Pascarella and Terenzini in their mighty study of the effects of college write, “it would
appear that most attempts to define and measure critical thinking operationally focus on an
individual’s capability to do some or all of the following: identify issues and assumptions in
an argument, recognize important relationships, make correct references from the data,
deduce conclusions from the information or data provided, interpret whether conclusions are
warranted based on given data, evaluate evidence or authority, make self-corrections, and
solve problems” [20, p 156]. The similarities with discussions about problem solving and
decision making will be apparent.

The Queens University, Canada, in a striking change to its first year engineering curriculum
integrated Model Eliciting Activities (MEA) into the course. MEA’s seem to have had their
origins in mathematics. An MEA involves a case study of 30-50 minutes which is solved by
students in groups of between 3 and 5 individuals. MEASs are intended to stimulate real world
problems for which testable or model solutions may be found.

The curriculum principle underlying these activities is to begin with the student’s own
conceptual system as a basis for modelling that is, “creating representations of problematic
phenomena or scenarios as means to solve those situations.” This would seem to be what a
student has to do if he or she is asked to undertake a mini project or investigation of their own
creation, and pursue it to its practical conclusion without formal instruction [21].

Be that as it may, an evaluation of the impact of the MEA course on the development of
critical thinking skills came to the conclusion that the training given during the course
enabled a relative improvement in critical thinking when compared with the results of a
control group. The principles of critical thinking had been discussed in class in each MEA. In
one class the skill of questioning was developed by creating lists of questions that should be
asked by the accident investigators. This is of course a contributory component of the skill of
“diagnosis” which is seldom discussed in the engineering literature. However, its significance
was made clear by Lin, Shahhosseini and Badar (2017) at the annual conference of the
American Society for Engineering Education [22].

A major problem in the modern university is compartmentalisation of subjects. This can
mean that subjects that could collaborate in the development of critical thinking either don’t,
or do not collaborate, as for example in courses where engineering students are required to
take subjects within the liberal arts. Yet, the potential for collaboration in the development of
critical thinking skills is great as the example in exhibit 6.5 shows.

Clearly, reflective thought is important in critical thinking, if it is not then a problem is
created. But, that is a matter for another discussion.

5. A category for problem solving?



It is evident that assessment plays an important and integral role in enabling students to
acquire problem solving skills, moreover it is also evident that it is difficult to write questions
that perform this function [23]. The list of learning objectives shown in exhibit 6.6 are
reminder that there are a range of activities that can be used to develop problem solving and
critical thinking skills, especially when dealing with practical engineering problems.

In chapter IV the value of, and difficulties associated with The Taxonomy of Educational
Objectives were considered. One of these, given the importance attached to problem solving
by engineers, is the lack of a specific category for problem solving. Chapter V and this
chapter followed this up with the purpose of examining whether or not there is the possibility
of a specific category of problem solving. It is shown that there is a considerable focus in
engineering education on problem solving, and it is submitted that the case for a distinct
category of problem solving in engineering education is self-evident from the information
provided.

6. Looking back over chapters 1V, V and VI.

In chapter IV the social efficiency ideology of the curriculum was introduced for the reason
that it prevails in many industrialized nations. It has its origins in the objectives (outcomes)
movement which is supported by educators who believe that knowledge is defined
behaviourally in terms of what students will be able to do as illustrated in The Taxonomy of
Educational Objectives. While some engineering educators use The Taxonomy, others believe
that it, and its revision do not deal adequately with problem solving, decision making and
critical thinking. They would like to see a distinct category of problem solving.

Chapters V and V1 explore developments in problem solving in engineering education. It is
concluded that a substantial case may be made for such a category.

In reviewing the engineering literature on the subject, a number of issues/questions emerged.
The first related to the impact of assessment on learning, and in particular the design of
questions to test higher order problem solving. Second, the recognition that changing the
conditions of learning impacts on the role of the teacher. Third, there are questions about who
an instructor’s students are? What should instructors know about their students? Fourth, there
are questions about the ‘time required’ to achieve certain objectives. The fifth issue related to
the impact of the structure of the organization both institutionally and at the classroom level
on learning: and the sixth related to the importance of qualitative thinking and that students
find it difficult to think qualitatively. Finally, the impact of teacher beliefs on what they do
was noted.

For many teachers these beliefs may be described as belonging to a scholar-academic
ideology. But some of those seeking to improve problem solving have promoted specialist
courses that are problem based. These courses clearly belong to a different ideology, and a
different understanding of “knowledge.” Nevertheless, it does not wholly escape from the
Scholar Academic ideology or the need to ensure that key concepts are understood. In the
next chapter we will consider a variant of such courses designed in response to the question —
“Can we teach intelligence?” Following that, in chapter 8 the Scholar Academic ideology
and its impact on the curriculum will be considered.



Wales and Stager’s Guided Design heuristic

Polya’s Problem Solving heuristic

grwpE

Define the situation
State the goal
Generate ideas
Prepare a plan.
Take action

(6. Look back)

Understanding the problem
Devising a plan.

Carrying out the plan
Looking back

NP

Exhibit 6. 1. The Wales and Stager and Polya heuristics. Item 6 shows how many students in the reported study
modified the Wales and Stager heuristic.

The heuristic-Outline of instruction (handout provided

The test

1.

Define the situation.

Given a set of poems of varying lengths of which
one could be a Shakespearean sonnet. What
features are involved? List the features

State the goal
What do | have to do? i.e. find out if these poems
are Shakespearean sonnets.

Generate ideas

Consider different ways you can achieve your
goal. Will you count the lines? Will you go by
technical characteristics of a Shakespearean
sonnet? Are they all important?

Prepare a plan.
How are you going to decide?

Suggestions consider the features which a
Shakespearean sonnet must have. List them.
Match your two poems against them Give +3 if
totally agrees, and -3 if totally disagrees with the
feature. Compromise with values between +3
and -3 if it half agrees or disagrees. Add up the
scores and see which is the greatest value. Poem
with the greatest value is a sonnet. Or, use a
process of elimination by aspects. Have the
minimum criteria which the poem must have in
order to be a Shakespearean sonnet been met. Put
these attributes in order of importance. Check
attributes against each possibility and eliminate
where the poem does not meet the criteria.

Test

1. Listthe 5 steps we can take when we want to
solve the “problem” of approaching a poetry
question (20 marks).

2. Briefly discuss what each step involves (20
marks).

3. Using the 5 step strategy and illustrating reasons
for your choices, write your approach to the
following question: What is the salient theme of
Dickinson’s poem Because | could not stop for
death? (60 marks).

(the pupils were provided with a copy of the poem)

Take action
Make your decision. Is this a Shakespearean
sonnet?

Exhibit 6.2. A graduate student teacher’s attempt to apply the Wales and Stager heuristic to the teaching of English
to a group of 15 to 16 year olds.




Decision making test

1. When we want to solve a problem, there are six steps we can take. What are these steps and what do they
involve?

2. Look at the map provided. Imagine you are planning officer and you have to decide where to locate an
industrial estate. Write down five questions you should ask yourself in trying to decide on a location.

3. You have now chosen your locations, however you can only build one estate. Fill out the model below and
choose one location.

4. Please write your reasons for choosing that location and say whether or not you are happy with it. Would you
like to change your mind?

if you disliked if that is the case?

5. Please say whether you like or disliked being taught decision making in Geography. Don’t be afraid to say you

Exhibit 6.3. A test that was set to 12-13 year olds after a lesson on location in geography [12].

discussed and which your read. As a matter of interest, | asked him today to design an experiment to verify a hypothesis

He has not met this topic before.

TWO DIAGRAMS HERE

f-

=

-0

.

Water -
I% air

The result surprised me! He suggested that the velocity of discharge would increase more rapidly than the P.D. Why?
Because “it seems reasonable.” What form of increase? It is “that the velocity of transference from one pressure to
another lower pressure is proportional to the square of the pressure difference”- again “because it seems reasonable.”
Note that the mathematical formulation is wrong in terms of the physics. His graph agrees with the maths, not with the
physics and includes both positive and negative values of flow.”

“You will recall that I asked one boy at this school to try out the diode valve experiment of the semi-problem type that we

(which he was to formulate) regarding water discharge through an orifice in terms of pressure difference or total pressure.

Exhibit 6.4 A letter about the thinking of a student of engineering science sent to this writer by Glyn Price that
illustrates the problem of qualitative thinking highlighted by John Cowan.



In your work

In assessing someone else’s work (especially when
acting as an adviser, assessor or in a debate)l

Outlining the argument

List the premises (hypotheses, propositions) which you
wish to demonstrate or prove.

State the conclusions.

List the reasons for the conclusions.

Outlining the argument

Identify the premises (hypotheses) and conclusions.
Establish which sentences do not add to the argument.
List the reasons for the conclusion.

Examining the argument for clarity

Check the key term s(concepts) principles are stated
clearly.

Do not attempt to fudge the issue.

NB an argument whose key concepts and principles are not
clear, or which contains ambiguities is not a good
argument. A good argument should be brief and to the
point.

Examining the argument for clarity

When terms and phrases are unclear ask for clarification in
a live argument.

In an examination write a note at the side of the script to
check you have not misperceived what is being said.

Look out for fudging.

Asserting and checking the truth of premises

You must be able to stand over each premise you use, and
where necessary cite supporting evidence and its course.
Don’t throw false premises into an argument because they
are easily spotted

Asserting and checking the truth of premises

Any questionable premises must be defended by another
argument.

In an examination answer look for false premises as a
foundation for your own assessment.

List the reasons which make you think that the proposition
is false (see last section below).

Ensuring the premises are necessary and relevant to
the argument

Check that each premise is both necessary and relevant to
the argument. Eliminate premises which are not.

NB any person involved in a disputations must have sure
grounds for the claims that are made.

Ensuring that the premises are necessary and relevant
to the argument

In debate the person offering the argument must be able to
show the necessity of and relevance of each answer. In
scripts look out for circular argument and tautologies.

Testing the strength of an argument

Predict the counter argument and test your conclusion for
validity against the alternative. If the alternative view has
merits then your conclusion may be wrong.

Testing the strength of an argument

In debate and examination scripts look for the weaknesses
in the logic of the argument, and the data used to support
the conclusion.

Exhibit 6.5. Evaluating arguments in essays and debates. Adapted from R. E. FitzGibbons (1981). Educational
Decisions. An Introduction to the Philosophy of Education. New York. Harcourt, brace, Yovanovitch.




Given a term listed under ‘concepts introduced’, you should be able to give a word definition, list pertinent
characteristics and cite an example. You will be able to describe d-lines, describe the limitations of short-term
memory, and rationalize the processes used in brainstorming.

Given an object or a situation, as an individual you will be able to generate at least 50 uses, attributes, or ideas in 5
minutes.

Given an object or a situation as individual you will be able to generate at least 50 ideas in ten minutes and the
ideas will belong to at least 7 different categories, and a group of three independent shall identify one idea that is
‘unique.’

Given a crazy idea, you will be able to describe your mental processes used to convert that idea into a technically
feasible idea by using the triggered idea as a ‘stepping stone.’

You will be able to describe your preferred style of brainstorming and your preferred use of triggers

Exhibit 6.6. Five of the ten learning objectives for the McMaster Problem Solving Unit on Creativity as they relate to
the assessment [4]. (Reproduced with the permission of D. R. Woods).
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Vil
The Scholar Academic Ideology of the Disciplines

1. Introduction

We all have beliefs, some unconsciously held, about how children and students learn, and
what the curriculum should be. These beliefs are, to some extent or another, conditioned by
the culture in which we live, and the education it promotes. They dictate the attitudes we take
toward the curriculum, instruction and learning.

While it is of immense value to understand how other systems work, not least from the need
to communicate in a globalized world, it is extremely difficult to translate what appears to be
effective in one system to another. At the same time one or two educational ideas have
pervaded the industrialized nations, one of which is the idea of educating students to achieve
specified outcomes. It fits the ideas of business people, and in consequence is attractive to
politicians who wish to get value for money from the education systems they finance.
Michael Schiro, an American educator has suggested that those who subscribe to this belief
possess a “social efficiency ideology” (see chapter IV) [1].

Tensions may be created between teachers and administrators who hold different educational
ideologies which may range across a spectrum from those considered to be traditional to
those considered to be progressive, although neither term is seldom, if at all, adequately
defined.

2. The received curriculum or the scholar academic ideology

John Eggleston, an educational sociologist and technical educator, has described three
paradigms that help us to understand the issues involved in the possession of these ideologies.
The first of these he calls “received” [2]. In this paradigm of the curriculum knowledge is
received, and accepted as given. It is non-negotiable, non-dialectic, and co-sensual.
Knowledge is something that is given, and is that which should be transmitted to children and
students. Through it the accumulated wisdom of a culture is transmitted.

The “received” view of knowledge has its origins in ancient philosophy (essences and ideal
forms) [3 (i)], and in the notion of fixed structures of thought as suggested in the educational
psychology of Jean Piaget [4]. Scholar academics are faced with the problem of
classification, which was also an issue faced by the Greek philosophers. It asks the questions,
“What constitutes a discipline?” And, “what is the relationship between the disciplines?”
[3(i1)]. This question is pertinent to engineering for Rosalind Williams has asked, “Is there a
discipline of engineering?” {3(iii)] If so what are the relationships of areas of knowledge like
bio-engineering to engineering?”’

The legislated national curriculum for schools in England and Wales reflects this ideology: It
is closely associated with what we understand to be the academic disciplines. The national

curriculum reflects the importance society ascribes to certain disciplines, and their particular
ways of knowing. Schools are allowed to provide other studies for a limited time during each



week. Some would argue that, taken together, the disciplines of the national curriculum
provide the information necessary to survive (some would say thrive) in the modern world

[5].

Whitfield argues that what is good, and what is worthwhile, are learnt within the disciplines
[6]. Truth is contained within the disciplines, so if students are to learn the truth, they have to
be initiated into the disciplines [7]. Each discipline seeks to mould students in its own image
and likeness. Subject matter is the essence of the disciplines.

Michael Schiro calls this set of beliefs the “Scholar Academic ideology”. “Scholar
academics assume that the academic disciplines, the world of the intellect, and the world of
knowledge are loosely equivalent. The central task of education is taken to be the extension
of the components of this equivalence. Both on the cultural level, as reflected in the discovery
of new truth, and on the individual level, as reflected in the enculturation of individuals into
civilization’s accumulated knowledge and ways of knowing” [8].

Jerome Bruner a distinguished American psychologist wrote: “A body of knowledge
enshrined in a university faculty and embodied in a series of authoritative volumes is the
result of much prior intellectual activity. To instruct someone in these disciplines is not a
matter of getting him to commit results to mind. Rather it is to teach him to participate in the
process that makes possible the establishment of knowledge. We teach a subject not to
produce little living libraries on that subject, but rather to get a student to think
mathematically for himself, to consider matters as historian does, to take part in the process
of knowledge-getting. Knowing is a process, not a product” [9].

The process that makes possible the establishment of knowledge is, in this ideology, what is
understood by learning. For each school subject there must be a corresponding academic
discipline. Because the disciplines are dynamic they are concerned as much with “what will
be?” as with “what was?”” [10].This point is illustrated by the great curriculum projects that
were undertaken in the sixties and seventies. These were initiated because teachers did not
have the resources to undertake such developments; yet, in the scholar academic view such
developments are considered to be part of the role of the teacher [11].

The scholar academic ideology is teacher centred. Information is conveyed to the mind which
reasons about it as required. Learning is the result of teaching [12]. Because each discipline
has within it, its own theory of learning, generalized theories of learning have no place in the
design of instruction. It is this view that is challenged in this book, and it is this controversy
that beginning engineering educators should be asked to resolve.

3. The post Sputnik reform projects

The launch of the first two artificial earth satellites known as Sputniks by the Soviets in 1957
caused consternation in the western world. It resulted in a review of school education in the
United States because it was believed that American education was falling behind the rest of
the world. William Schubert comments that the post Sputnik curriculum projects pushed “the
curriculum balance toward the disciplines of knowledge in the interest of social and political
ends” [13]. Jerome Bruner played a major role in these developments which led in 1959, to
the Woods Hole Conference sponsored by the National Academy of Sciences. His account of
the proceedings became a best seller [14].



In this book he enunciated three principles of learning:

1. Children will learn more effectively if they discover the concepts and principles for
themselves. Hence the development of discovery or inquiry based learning.

2. Children can understand the most profound ideas provided that they are presented in a
language that is relevant to their development. Other educators with this view
included Matthew Lipman who developed the philosophy for young children
movement, Gareth Matthews who wrote Philosophy and the Young Child [15], and
Russell Stannard a Professor of Physics at the Open University who wrote books for
young children on modern physics [16].

3. The child should focus on the structure of the disciplines and not on the simple
acquisition of information.

Substitute student for child and the questions become relevant to engineering educators. Does
inquiry based learning have a role in their course? Why if young children are capable of
learning and discussing philosophical issues do so many engineering students remember, but
do not learn? It is a complaint that | often hear from engineering educators.

Bruner applied these principles when he designed MACOS (Man a Course of Study) for
elementary school children. This curriculum program was intended to introduce students to
the disciplines of Anthropology, Ethnography and Social Psychology [18]. The programme
was funded by the National Science Foundation between 1963 and 1970.

One criticism of the third principle is that some academic disciplines, it is argued, do not have
an inherent structure. Among the subjects cited to illustrate this point are French literature,
English poetry, American History, Psychology, Sociology, Modern Painting, and Business
Management, a list, which is to say the least, controversial. Schubert writes that, “apart from
a few basics, it is even difficult for experts in mathematics and the hard sciences to agree on
the dimensions of the structure of their discipline. While some learners may develop an
intuitive grasp of a field of inquiry, this is much more elusive that something that can be
taught as a matter of fact. The failure of the 1960s curriculum reform projects supports this
criticism” [19]. Schubert causes us to ask “what is the structure of the engineering
discipline?”

However, the idea of “discovery,” more often than not now called “inquiry” persists.
4. Discovery (inquiry) based learning

There was nothing new about discovery or inquiry learning. Socratic questioning is a process
of discovery. But, Shulman argues of the learning by discovery approach that emerged during
the nineteen-sixties that more than any one man Bruner “managed to capture its spirit,
provide it with a theoretical foundation, and disseminate it” [20].

The fundamental principle behind Bruner’s approach is that when a person is engaged in the
process of discovery, they discover something from within themselves that enables them to
reorganize previously known ideas, concepts, and principles if you prefer, and the patterns
they encounter in the world. In Bruner’s interpretation of the Piagetian stages the child moves
sequentially through three modes or representations which he calls: the enactive; the ikonic;
and, the symbolic.



In the “enactive” mode learning takes place through action rather than words. Bruner thought
that conditioning and stimulus-response learning are appropriate to this mode. In the example
that he gives which relates to mathematics, the children play with the materials, in this case
three flat pieces of wood [21]. Once they have the feel of the materials they are asked if they
can make a larger square than the largest wooden square. They are then asked to describe
what they have done, and so on. Bruner hypothesizes that at some point they will perceive a
pattern.

In the “ikonic” mode, concrete visual imagery is deployed; the materials are no longer
manipulated. In the “symbolic” mode, the learner manipulates symbols. Shulman writes:
“The combination of these concepts of manipulation of actual materials as part of a
developmental model, and the Socratic notion of learning as internal reorganization into a
learning-by-discovery approach is the unique contribution of Bruner” [22].

One reason for engineering educators to take note of Bruner’s approach, is the idea of
structure in lectures, and of moving toward the abstract from the concrete. Also, it may be
argued that these representations are at the heart of the mental process of design.

Inspection of the 2017 proceedings of the Annual Conference of the American Society for
Engineering Education suggests that the term “inquiry” has replaced “discovery” [23]. But, it
seems to have the same difficulties of definition as Shulman recorded for discovery learning.
Describing. Wittrock’s classification of discovery learning as shown in exhibit 7.1, he
criticized it because items 2 and 3 did not allow for problems that were not formulated by the
teacher. It is clearly desirable that students should be able to formulate their own problems as
was the case with the experimental investigations in Engineering Science at the Advanced
level. A midway position is to specify the goal but leave the students to determine the
experimental procedures with or without limited guidance [24]

I asked my students to read Shulman’s paper, along with two other items, one of which gave
an example of the differences between expository and discovery teaching on designing and
making a tool box (exhibit 7.2). Then | asked them to compare discovery with expository
teaching in their normal classes [25]. In later years the students were asked not only to set
their tests a fortnight or so after the activity, but to give another test after about 6 weeks had
elapsed to see what had been understood.

In the extreme case some of these graduate student teachers interpreted the term expository to
mean continuous talking at the class, with little interaction between them and the pupils. The
pupils, as might be expected, found those classes boring. About half the student teachers used
Gagné’s hierarchical model which has been called “guided learning” or “reception learning”
(see chapter X), although most of the reports submitted showed distinctive differences
between the two lessons (see exhibit 7.3).

Wittrock’s examples did not always resolve the problem of defining discovery as the
illustration in exhibit 7.4 shows. For example, expository teaching makes use of questioning;
surely, if the questioning is in the Socratic form then it is some form of discovery? But, if
only some students are questioned it can hardly be called a discovery class. Some of the
reports of the use of deductive guided discovery left one wondering if the lesson was not
expository. Again when work sheets are used it seems they can be used to elicit a discovery
mode of thought while others are simply designed to acquire and memorize more



information. It was interesting to find that 20% of the students started their expository classes
with a “brainstorming” exercise. Perhaps the significant finding was that teachers perceived
themselves to be functioning in a different mode even though, in some cases, there seemed to
be little difference between the two classes. Many of the graduate student teachers attempted
inductive guided discovery but few attempted ‘pure’ discovery strategies. The experimental
investigations undertaken by the engineering science students clearly belonged to the “pure”
even when limited assistance was given by the teacher [26].

It seems that the pupils found the discovery mode quite demanding, and some resisted this
new approach (see exhibit 7.5). As some of the student teachers reported, “The pupils were
required to think”. This is not surprising given that much of the teaching they had received
was undertaken with a view to helping them remember material for the public examination.
One effect of involving the students in their own learning reported in the literature is that they
become more motivated [27]. This effect was often reported by the student teachers.
Although there was little difference between the scores they obtained from the two tests, the
discovery mode enhanced motivation. Laboratory work is easily designed to be student
(learner)-centred, but its assessment may be time-consuming (see exhibit 7.6) [28]. Pre-
laboratory exercises may be given. For example, students presented with a bio-materials
problem related to a laboratory activity were asked to generate knowledge through a
scientific literature review, synthesize and interpret their findings, and propose a potential
solution to the problem” [29].

The many papers presented at the 2017 annual conference of ASEE show that engineering
educators need have no fears with experimenting with inquiry based learning, and this
extends to teams [30]. The problem for many teachers may be that their students are likely to
need convincing that the new method will pay-off. But, with the goal of “transfer” clearly
demonstrated in the test questions, the learning difficulties that some students have,
particularly freshmen may be resolved.

5. Isengineering a discipline? [31]

The scholar academic ideology raises several questions for engineering educators that range
from the practice of instruction to the curriculum .For example, in order to determine if
engineering is a discipline is it necessary to take into account the work that engineers do, or
does the discipline exist independently of what they do? Is engineering design a separate
discipline, or is it required to make engineering a discipline? An alternative way of stating
this question is, “Given that engineering design is a social activity, does it meet the
requirements for a discipline as understood by the scholar academic ideology?”



Type of guidance Rule Solution
1.  Expository learning Given Given
2. Guided discovery (deductive) Given Not Given
3. Guided discovery (inductive) Not given Given
4 Discovery Not given Not given

Exhibit 7.1 Wittrock’s classification of instruction (Wittrock, M. C.(1963). Verbal stimuli in concept formation:
learning by discovery. Journal of Educational Psychology, 54, 183-190.

1. Trainee A is told exactly what tools to use, how to use them, is given preformed parts to assemble, told how to
assemble them, and is closely checked and corrected by the tutor during the assembly stage.

2. Trainee B is asked to consider various designs for toolboxes and to decide which one is most suitable for the
purpose: to select the appropriate tools and materials, to assemble the toolbox according to the chosen design
specifications and to refer to the tutor for advice and guidance when problems occur.

Exhibit 7.2 Differences between expository (teacher centred) and discovery (student centred) approaches from Boffy,
R (1985) YTS Core skills and participative learning. NATFHE Journal. 20-23.



Aims/objectives

Lesson phase and strategy

Content

Questioning

Aims/non behavioural
objective. To develop
pupils knowledge and
understanding of the water
cycle.

Introduction

Expository

@)

(b)

Arrange class for
working in
groups of 5.

Tell each group to
take out a sheet of
paper and appoint
a scribe.

Behavioural objective.
Pupils will be able to draw
and label a diagram of the
water cycle.

Presentation
Guided discovery
(group discussions)

@)

(b)

©
(d)

Ask each group in
turn “where does
the water in rivers
or the ground
come from?” Tell
them to write the
answer on the
bottom of the
paper.

Check each
groups answer
(“rain”) and ask
each group the
next question.
Repeat the
process in (b).
Ask groups to
connect each
element with
arrows (they
should perceive a
cycle at this
stage.

Where does rain come
from?

Where do clouds come
from?

Where does water vapour
(evaporation) come from?
Where does water in
seas/lakes come from?
Where does rivers/ground
water come from?

Behavioural objective.
Pupils will be able to
describe in their own words
what happens in the water
cycle; in particular they will
be able to explain why it is
a cycle.

Application

Guided discovery
(reinforcement by written
activity

@)

(b)
©

(d)

Label each group
an element from
the cycle; I am
water. Go from
group to group
(by asking class)
to illustrate the
cycle.

Tell pupils to
draw the cycle.
Show water cycle
on overhead
projector.
Explain the terms.

Conclusion

Exhibit 7.3 (a). Guided Discovery lesson




Lesson phases Lesson strategies Content Questioning

Introduction Expository Class management

Presentation Expository (@) Introduce water
cycle by writing
title on board.

(b) Explain the cycle.
Write each
element on the
board and
connect them
with arrows.

(c) Any questions
from the pupils.

Application Expository (a)Display water cycle
diagram on overhead
projector.

(b) Tell class to copy
diagram in their notebooks.

Conclusion Expository \Return to topic begun in
previous less (pressure,
wind etc) (if time)

7.3 (b). Expository lesson. Same objectives as for the discovery lesson in Exhibit 7.3(a)

Exhibit 7.3 (a & (b).. Lesson plans to compare guided discovery with expository teaching from Donovan | (1992). Part
11 of The Training of Students in Discovery Methods of Instruction and learning. Monograph 1/92. Department of
Teacher Education University of Dublin.

Expository teaching is where one gives the students everything; facts, principles, rules etc. Discovery teaching is where
one sets them a problem but guides their efforts along a certain channel which one hopes will help them to discover the
solution.
I chose guided discovery as a method because my experience with my students in my teaching practice has been that they
rarely arrive where one wants them to be without a considerable amount of help. It has been my practice to refrain as
much as possible from telling them what they will find in a particular experiment, in order to provide an element of
discovery and the unknown for them. In these situations it is usual for me to have to give considerable guidelines in the
interpretation of their results as they are frequently unable to interpret them for themselves.
In the present instance where the content matter involved the lever, my expository group were led up the hierarchy of
prerequisites through the concept of the lever, fulcrum, perpendicular distance, moment of force, clockwise and anti-
clockwise moments and equilibrium, and the law of the lever. All this was given.
For a pure discovery group | would have given the weights and suspended metre sticks and directed them to see if they
could discover any pattern when the stick was balanced with the weights in different positions to be chosen by
themselves.
Using the guided discovery approach, | stacked the odds in my favour by directing them to place the weights on one side
of the metre stick at specific points. | hoped through this method to have the simple numerical values they would find so
obviously related that the law would be apparent after a few examples of equilibrium. Using only two weights, one of
which was twice the size of the other, was an attempt to simplify things and stack the odds in my favour.
I confess to finding it difficult to distinguish between the discovery and the guided discovery approach. Although the
former is supposed to involve no help from the teacher, by setting up the problem in the first place, he is guiding the
learners in a certain direction. If one simply left a metre stick, a piece of string, a retort stand and some weights on the
bench and told students to find a law connected with balancing a stick, it is unlikely that they would get very far. One has
to guide them to some extent even if it is only in terms of the hidden guidance involved in how you present the problem
to them. For this reason, | would prefer to look at discovery methods as a spectrum running from more to less guidance,
rather than from an guided/unguided point of view ( the description of Kersh’s work recognizes this fact by talking of
strong and weak discovery conditions)

Exhibit 7.4. From a graduate student teacher’s report, illustrating the difficulty he had with defining discovery.




The class was a bit put off when | asked them to find a definition (in science) for themselves and there was a lot of
looking around to each other to see what to do, or whether to take instruction. The suggestion that they should come up
with a definition was apparently absurd — that’s what the textbooks are for and our role is to learn from the books.
Thinking isn’t popular with this class. I gave everyone a half-metre stick to experiment with, about half the students never
really started, they seemed intimidated by their task and, in their charming ways, indicated that | was an idiot to come up
with a conclusion.

Exhibit 7.5. Example of Pupils resisting change from a graduate student teacher’s report.

Experimental investigation. Problem chosen by the students within the syllabus content rules. Is an open-ended
investigation in which students are to develop their own lines of inquiry. It is intended to encourage students to devise
experimental procedures, to select appropriate apparatus, occasionally to adapt pieces of equipment to new purposes, to
perform experiments and to analyse results. It poses an engineering or scientific problem, and involves the student in an
analysis of the situation and an appropriate selection of the procedures and techniques for solution. The end point of the
particular investigation may or may not be known, but the means for its achievement are comparatively discretionary
(N.B. experimental investigations can be simulated by computers).

Exhibit 7.6. Regulations for the experimental investigations required for the Advanced level examination in
Engineering Science set by the Joint Matriculation Board, Manchester (See chapter 3, Heywood, J. (2016). The
Assessment of Learning in Engineering Education. Practice and Policy. Hoboken, NJ. IEEE/Wiley.
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His other two perspectives he calls “reflexive” and “restructuring.” The reflexive paradigm is
now called “constructivist” and derives from the work of such theorists as Berger and
Luckman [(i)]. They argue that knowledge is socially constructed and depends on our
experience and environment. In this situation teachers and students should define a
curriculum which is real to them in their social context. In this sense the curriculum should be
negotiable and worked out to meet the individual needs of students {(ii)].

In the UK one or two universities have experimented with programmes of independent study
where the student negotiates what he/she wishes to do to achieve a degree. This may involve
negotiation of the methods of assessment (see exhibit 7.7) .In engineering a student might
negotiate the terms of a substantial project rather than being told what to do. This and the
investigations submitted for the JMB Engineering Science Examination were negotiated by
the student [(iii)]. Most of the final year of a course at the University of Toronto was
available for the students to design themselves within the constraints of prerequisites and
requirements for accreditation [(iv)]

Ruthven [(v)] in a short paper examined the practical implications of the disciplines thesis for
curriculum design in mathematics with some surprising conclusions, for it would seem at first
sight that mathematics is a subject in which the disciplines thesis is clear cut. On the contrary,
Ruthven argues that common sense and social conceptions of the disciplines are in conflict
with logical conceptions. “It is”, he writes “a contingent social fact, rather than a logical



necessity that has led to the tradition of enquiry commonly known as mathematics [....]”
Ruthven’s perspective is cultural. The reinterpretation of mathematics in strictly logical terms
is to ignore the plausibility of the socio-historical context in which it has been taught and
developed. The essential question for curriculum design for Ruthven is “How can we
reinterpret mathematics so that it will contribute to the development of a rational perspective
on the lives and affairs of men?

Eggleston proposed that the two paradigms could be brought together in a restructuring
paradigm —“As two related modes of understanding both the realities of knowledge in the
school curriculum and the possibility of change therein. The reflexive perspective develops
from the received and the restructuring from the reflexive (se chapter XII).

(i) Berger, P. L and T. Luckman. (1966). The Social Construction of Reality. London, Allen
Lane.

(i) Boomer, G. (1992). Negotiating the curriculum in G. Boomer et al (eds). Negotiating
the Curriculum. Education for the 21% Century. London, Falmer Press.

(iii) See chapter 3 of Heywood, J. (2016) The Assessment of Learning in Engineering
Education. Practice and Policy. Hoboken, N. J. IEEE/Wiley.

(iv)Smith, H. W. (1994). University of Toronto curriculum in electrical and computer
engineering. IEEE Transactions on Education, 37(2), 158-168.

(v) Ruthven, K. (1978). The disciplines thesis and the curriculum: a case study. British
Journal of Educational Research, 26, 163-176.

The nature of the beast

Independent studies offer you a different way of making use of the resources available in the University — principally (a)
range of people (the academic staff) with mastery of their particular subject area, (b) books, lab facilities etc and (c) other
students. The orthodox way is to package these up into courses, and then to allow a student a structured choice amongst
them. The independent does not choose amongst packages, but constructs his or her scheme of studies directly out of the
raw materials out of which the packages themselves are made. So the challenging but liberating question an intending
student faces is; how can | draw on the resources represented by the university in order to get the most out of my two Part
Il years?

The school invites prospective students to design a scheme of activities with this basic question in mind, and takes the
student on if it finds the proposals acceptable.

To stand a good chance of being accepted, proposals have to be “academic” in character, though for good or bad it is
often difficult to say what this test rules out. The best guidance is to say that those activities that already figure in
established courses in the University are the sort of activities that are likely to be acceptable in an independent studies
scheme, The overwhelmingly predominant activity in past schemes has been reading, followed by critical writing, and
indeed many schemes have been defined by students simply specifying what reading they planned and under what
headings they intend to write in response to what they read. But other activities have also figured: making sculptures,
conducting architectural surveys, writing short stories, magazine editing, doing formal logic, play producing, digging
(archaeologically), taking photographs, painting pictures, conducting sociological and anthropological fieldwork, etc.

Exhibit 7.7 Guide for intending students in Independent study at the University of Lancaster; Introductory Paragraphs,
circa 1984. (Communicated by William Fuge then director of the programme)

[3] (1) “Mans essence is his ability to think, to know, to reason, to reflect, to remember, to
question, to ponder.....”(Schiro, p24).

(i) Primarily educational decisions are about the curriculum and teaching. At the level of the
curriculum are decisions about the content. Sometimes there are even more fundamental
decisions and in the United States there is an argument about whether or not engineering



education is a discipline in its own right. This has been slightly confused with the issue as to
whether educational research is a discipline and by inference research in engineering education.
The fundamental question is what is a discipline? There were arguments among educational
philosophers about this in the nineteen sixties and seventies and the purpose of the paragraphs
that follow is to examine if they shed light on the nature of disciplines. The debate between
two philosophers Hirst (i) an Englishman and Phenix (ii) an American illustrate the point. Both
presented philosophical theories that have a bearing on the curriculum. They were published
in 1964 and 1965 respectively. Both derive from Platonic view that the objects in the ‘sensible’
world are manifestations of ‘ideals’ or ‘prototypes held in the mind. The sensible world is a
world of the ‘particular’ and they belong to the world of becoming whereas the ideas or forms
belong to the intellect, which resides in the world of being. These forms are organized in a
system the top of which is the form of the good. Knowledge is of an absolute and permanent
order of ideas. For each true universal concept there corresponds an objective reality (iii). True
knowledge is therefore of the universal. Knowledge of the universal (e.g. goodness) is the
highest kind of knowledge and knowledge of the particular is of the lowest kind of knowledge.
Today, for example, we judge the knowledge required of professional engineers to be more
universal and abstract than that required by technicians. Thus the degrees of knowledge are
distinguished according to objects, and the human mind develops from opinion to knowledge.
Much of what we do in engineering education is based on tradition and opinion about how
students learn. Not on knowledge.

The application of this idea can be seen in the work of Piaget (iv) and Kohlberg (v). In Piaget’s
theory the child moves through stages of concrete operations to formal reasoning which is the
highest level of abstraction. For Kohlberg moral development begins with black and white
opinions and develops an all-embracing and abstract concept of justice. For Plato progress is
neither, continuous or automatic. It requires effort and mental discipline hence the importance
of education that is, to bring youths from opinion to the sight of eternal and absolute truths.

Because it is our thoughts that grasp reality so it is that the objects of thought (as opposed to
sense perception) have reality and, in order to grasp them we have to discover them for they
are not of our invention.

In Plato’s Phaedo (vi) a method is proposed by which the learners can develop toward the
ultimate form. It is the method of hypothesis deduction. A starting point (hypothesis) is
assumed and the consequences are examined (deduction) with a view to destroying the untruth
in hypotheses until the truth is reached. It is easy to see in this theory of knowledge and form
the modern case for discovery learning as put forward by Bruner (vii) and others, or the view
that education is about enabling others to discover their own potential. It has profound
consequences for the content of the curriculum and instruction. Discovery learning in the
guided mode has been shown to take longer than information giving teaching for the same
concept(s), but it has also been shown to enhance motivation and there is some evidence that
it increases understanding of concepts and principles.

Similarly, the idea that there are forms of knowledge that individuals can learn (such as being,
identity, difference, motion and rest as they are connected with or cut-off from one another),
leads to a view that there may be a particular curriculum for learning to which we should attend
if we are to grow in stature or, as Aristotle would say ‘wisdom.’



This account of Plato has been simplified in the extreme in order to illustrate the point that the
derivation of the curriculum is a complex activity dependent wholly or in part on the designer’s
concept of knowledge even if the designer is not aware that this is the case. The positions of
Hirst and Phenix in this regard will also be simplified in order to demonstrate the usefulness of
philosophical approaches to the design of the curriculum.

It would seem self-evident from observations of human behaviour that in order to think, act
and relate with one another there have to be common frames of reference and that somehow
our mind must relate to them. It also seems from observation that different modes of thinking
are used to solve different kinds of problem. For example the founding Vice-Chancellor of the
University of Lancaster — Charles Carter believed that all students in the humanities should
study a science, appropriately taught, because it represented a different mode of thinking. The
liberally educated person requires too understand different modes of thought. He did not take
this to its logical conclusion namely that scientists should study a subject in the humanities.
But the same issue applies to the engineering curriculum if it is held that engineering is a
component of liberal education. Phenix may be interpreted at this level of particularity to say
that the meanings which such persons (scientists, engineers, artists, historians etc) give to their
experiences differ, and we need to understand that they do. When, however, in the abstract
Phenix examines all possible distinctive modes of understanding he concludes that there are
six fundamental patterns that engender essential meanings. These are symbolic, empirics,
aesthetics, synnoetics, ethics and synoptics. Their relation to the disciplines as we currently
understand them is shown in Exhibit 7.3 which has been simplified. They are the foundations
for all the meanings that enter into human experience. They are foundations in the sense that
they cover the pure and archetypal kinds of meaning which determine the quality of every
humanly significant experience. The relationship with the curriculum for general education is
both stated and self-evident.

Phenix introduces the idea of competences into his thesis and in this respect there is much
similarity with the ideas of The Taxonomy of Educational Objectives or the SCANs or REAL
reports. But there is more to it than that for an emotional dimension is evident that is not evident
in these other classifications. Phenix says these realms of meaning “may be regarded as
comprising the basic competences that general education should develop in every person. A
complete person should be skilled in the uses of speech, symbol and gesture, factually well
informed, capable of creating and appreciating objects of aesthetic experience, endowed with
a rich and disciplined life in relation to self and others, able to make wise decisions between
right and wrong and possessed of an integral outlook. These are the aims of education for the
development of the whole person” (viii)

The term meaning applies not simply to the modes of logical thinking within each of the realms
but to conscience, feeling, inspiration and other such processes. Each realm is defined by four
dimensions.

1. Inner experience.

2. Rule, logic and principle.
3. Selective elaboration.

4. Expression.

From the perspective of the curriculum there is no limit to the varieties of meaning but some
are less important. So those that are selected have to be capable of growth and elaboration.



From the perspective of the engineering curriculum the inclusion of an emotional (taken in the
broadest sense) dimension is of considerable importance for it focuses not only on personal
development but on the relationships we have with others. It is notable that a major criticism
not only of engineering graduates but of graduates in general in the UK is that they lack
‘people’ skills (in the jargon-“personal transferable skills”). Here then is a philosophy of
knowledge that leads to a clear statement of the aims of education with which many people
will concur. Would that it were so easy.

Hirst takes issue with Phenix because although the meanings derive from a classification of the
objects of knowledge Phenix’s approach to classifying these objects is confusing. In effect he

removes the emotional dimension for Hirst thinks Phenix iS “mistaken in thinking that knowledge must
then be taken as a category wide enough to cover existential awareness and other intelligible states.” (ix)

In order to distinguish between the objects of knowledge Phenix classifies propositions by two
dimensions. These are quantity (singular, general comprehensive) and quality (fact, form,
norm). Apart from criticising the terms within the quality dimension Hirst asks why these two
features should have been selected when there are other possibilities. For example propositions
may be classified by tense (past, present, future). “Manifestly one can classify propositions in
a great variety of ways but if we are to classify them as true propositions and nothing else, we
must do this by virtue of their logically necessary features and not by any other characteristics
that they may happen to have” (x) This is how we happen to classify concepts. We become
confused about concepts if we take into account properties that do not define them. Therefore,
argues Hirst the criteria that distinguish the objects of knowledge are (1) concepts appropriately
related in a logical structure so that propositions can be formed and (2) criteria for judging
propositions to be true. This point illustrates the importance of concepts in learning and
validates all the work that is being done in assessment in engineering to ensure that concepts
are understood. It is on this basis that Hirst proposes his own classification of the forms of
knowledge (Exhibit 7. 4).

Within these areas other important classifications of knowledge have to be recognized. These
he refers to as “fields of knowledge”. They are held “together simply by their subject matter
drawing on all the forms of knowledge that can contribute to them.” He cites engineering,
geography, legal, political and educational theory as example of fields of knowledge. He uses
political, legal and educational theory to illustrate the idea that moral knowledge is a distinct
form of knowledge. It does not have to be subdivided since “moral questions because of their
character, naturally arise alongside questions of fact and technique, so that there have been
formed fields of practical knowledge that include distinct moral elements within them rather
than sub-divisions of a particular discipline.” (xi) This seems to suggest that moral and ethical
education should not be separated from the subject being taught which asks subject teachers to
add moral and ethical considerations to their normal classroom teaching. And this in turn begs
questions about the adequacy of their training to undertake this role as well as the adequacy of
the preparation given.

Hirst is led to classify knowledge into disciplines and fields of knowledge. “It is the distinct
disciplines that basically constitute the range of unique ways we have of understanding
experience if to those be added the category of moral knowledge” (xii)



The disciplines of knowledge are mathematics, physical sciences, human sciences, history,
religion, literature, fine arts and philosophy. The fields of knowledge embrace both the
theoretical and practical which may or may not include elements of moral knowledge.

As Hirst points out there are similarities between the forms of knowledge and the realms of
Phenix. There is agreement between them about empirics, aesthetics and ethics. However, Hirst
does not believe that symbolic, synnoetics and synoptics represent fundamental categories of
knowledge. All knowledge and it is difficult to disagree “involves the use of symbols, [and
making of judgements in ways that cannot be expressed in words and can only be learnt in a
tradition ].”(xiii)

Whitfield (xiv) argued that although Phenix presents a less well substantiated set of categories
they may be more useful in planning a curriculum, a view Hirst rejected. Hirst insisted that
neither the realms or, the forms provide a pattern of curriculum units. It is hard to disagree with
that but it is equally hard not to take the view that they form a fundamental framework from
which curriculum decisions can be derived.

Whether or not the schemes of Hirst and Phenix provide the support that traditionalists (subject
specialists) require for a received curriculum seems open to doubt, for men and women come
to understand the meaning the world has for them through the solution of practical problems
(xv) While they may depend on the forms of knowledge to achieve this function it is unlikely
they will recognise this to be the case. Moreover since most problems require information from
more than one category of knowledge for their solution, they are likely to function within and
across fields of knowledge without reference to the forms. We might note the enormous
persistence of the disciplines a fact, which surely of itself, lends support to the idea of a limited
number of fundamental categories (forms) of knowledge. One critique of these approaches
asked, “How are the structures of the disciplines related to how we structure our experience in
perception? This involves asking whether the conceptual structures we have are logically prior
to, and the only correct means of structuring our thought and experience or whether they are
instead convenient and conventional?” The answer to this question has profound implications
for curriculum design. However it is unlikely that those responsible for the design of the
curriculum will take into account the forms of knowledge. Their ideas about what characterizes
an appropriate curriculum are more likely to be determined by the prejudice of history,
convenience and the influence these have on their perception of future needs. Nevertheless, the
aims of education have a philosophical basis and philosophical analysis of this kind can be very
helpful in the determination of those aims even if we disagree with the epistemological
principles on which they are based. There is a case that all teachers in engineering should have
a philosophy of education (xvi).

0] Hirst, P. (1975). Knowledge and the Curriculum. London, Routledge and Kegan
Paul.

(i) Phenix, P. H. (1964). Realms of Meaning. New York, McGraw Hill.

(ili))  Copleston writes “If a man is asked what justice is, and he points to imperfect
embodiments of justice, particular instances which fall short of the universal ideal
e.g. the action of a particular man, a particular constitution or set of rules having no
inkling that there exists a principle of absolute justice, a norm and standard, than
that man’s mind is a state of opinion [... ] He sees the images or copies and mistakes



them for originals. But if man has an apprehension of justice itself, he can rise above
the images to the form, to the idea, to the universal, whereby all particular instances
must be judged, then his state of mind is a state of knowledge [...] Moreover, it is
possible to progress from one state of mind to the other, to be “converted” as it
were, and when man comes to realise that what he formerly took to be originals are
in reality images or copies i.e imperfect embodiments of the ideal...when he comes
to apprehend in some way the original itself, then he has been converted to
knowledge.” Copleston, F. (1946). A History of Philosophy. Vol 1. Greece to Rome.
London, Burn Oates and Washbourne. Page 152.

(iv)  See Crain, W. (1992). Theories of Development. Concepts and Applications. 3"
edition. Englewood Cliffs, NJ. Prentice-Hall.
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(vii)  Bruner, J. (1961). The Process of Education. Cambridge, MA. Harvard University

Press.
(viii) loc.cit
(ix)  loc.cit.
(x) ibid
(xi) ibid
(xii) ibid
(xiii) ibid
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London, Faber and Faber.

(xvi) Heywood, J. (2017).Philosophy and engineering education. Should teachers have a
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[4] Piaget argues that children move through orderly stages of development. The first stage is
from birth to about one and a half years. This is the stage of development of sensori-motor
intelligence. Within this stage there are six sub-stages. Each of these is a problem solving
activity involving its own logic. After 18 months the child is able to solve a detour problem
by going round a barrier even if this means departing from the original goal, for a short time.
The child can infer causes from the observation of effects, and begins to predict effects from
observing causes; the child also begins to invent applications of something previously
learned.

The second stage of development is called the period of representative intelligence and
concrete operations. This takes the child up to about 11 or 12 years. The first part of the
period is between 2 and 7 years and is called the pre-operational stage. The second phase is
that of concrete operations. It is in this period that the child learns conservation. Piaget claims
that the order of such learning is invariable. Learning by doing is the essence of concrete
operations. In this period children learn to seriate, experiment, classify, and establish
correspondence.



In the final period the child moves to adolescence. It is the stage of formal operations when
the child begins to think in abstraction, to hypothesize, deduce, experiment and theorize. It is
the stage of in-built maturity.

Piaget, who is in the Platonic tradition, believes that in the mind there is a cognitive know-
how which he calls “structure”. One of these structures is the logico-mathematical. These
structures enable the child to assimilate the external environment. But the assimilation of new
information also requires that there should be a change in the existing structures so that there
is congruence between external reality and the child’ mental structures. This process is called
accommodation. Equiliberation is the adjustive process required for assimilation and
accommodation.

[5] That the national curriculum is viewed as a preparation for life was confirmed by the
Chief Inspector for Schools in a BBC Interview during the 1p m News (Radio 4) 10" March
2017.

[6] Schiro cites the British educational philosopher R. C. Whitfield who wrote: “Initiation
into the disciplines of knowledge, our vehicle for becoming fully human is the worthwhile
activity for the curriculum of general education. It provides the base upon which the person
as a person can develop to realize his full statute as a free mind and as a citizen. All this is not
to imply that the individual and society are not important, but they become, temporarily at
least, secondary, as we endeavour to establish a framework for selecting kinds of learning
experience which will indicate knowledge and abilities of most worth [.....] We should
therefore ground our curricular objectives in the distinctive disciplines of knowledge, rather
than in social needs, theories of personality, or in a national base knowledge for “living in a
modern world”. For it is the disciplines themselves which predetermine these important
factors, as well as our underlying ethical conception of what is good and what is worthwhile.”
Whitfield, R. C (ed). (1971) Disciplines of the Curriculum. London, McGraw Hill. Page 9.
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learning” (b).
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Vil

Intellectual Development

1. The Spiral curriculum

Both Bruner and Piaget are developmental psychologists. In terms of the discussion in the
last chapter (V1) the essential difference between them relates to the readiness of a person
for a particular type of learning. Bruner believed that readiness could be taught in contrast to
Piaget who thought it was invariant, That is, the child becomes ready for transition to a
particular stage of development at a particular time irrespective of any instruction. The child
is ready when the child is ready.

In addition to his theory of instruction Bruner proposed a spiral model of the curriculum that
would help students develop skill in abstraction. It has relevance to teaching in engineering.
The principles of the spiral curriculum are:

The curriculum is recursive [1]. Key topics (concepts, principles) are revisited on several
occasions during the course.

1. Each visit is at a deeper level of abstraction (difficulty).

2. There is feedback between each visit so that what has been learnt is reinforced.
3. Competence should increase with each visit.

4. Reflection plays an important role in the activity of recursion.

An engineering curriculum based on a “spiral approach in which concepts were introduced at
an applications oriented level, and then repeatedly revisited with greater levels of
sophistication” was organized in the classrooms and laboratories of first and second year
students at Worcester Polytechnic [2]. Other examples of the use of the spiral curriculum and
its role in developing reflective thinking will be found in the literature on medical education
[3], as well as engineering {4; 5; 6].

In another example Woods who cites the teaching of quantum mechanics seems to differ
from Bruner’s view. He allows that not all the concepts required at more complex levels of
abstraction have to be included in the simplified approach. But, he cautions that a simplified
approach should contain the key concepts of the more complex approach.

He writes: “As an example | wrote a paper in which I demonstrated that the elementary
concepts of quantum mechanics could all be taught very simply...technically, this method
avoids discussion of Schrodinger’s equation instead deriving as much as possible from the de
Broglie relation, which is a far more primitive concept... Often, the detailed results of the
simplified rules are not the same as those given by the full calculation, and so the full
calculation may still need to be covered later by a more advanced course,- (as Schrodinger’s
equation would need to be if my simplified introduction to quantum mechanics were
presented initially). I believe that a teacher should try to ensure that as far as possible,
whatever simplified approach is used does contain as many as possible of the essential
concepts of the more complex approach, and that it is these (rather than the actual simplified
results) that are pointing out, for example, the dependence (or not) of the results on particular
parameters introduced in the calculations™ [7].



A spiral curriculum is difficult to design, and at school level it is possible that there is no
advance in learning with each recursion, to the extent that it is mere repetition. If there is no
development in learning, then repetition is time wasting [8]. It is thought that some topics
may not be suitable for a spiral curriculum. If a spiral curriculum is to be used then it has to
be carefully planned.

The spiral curriculum raises a major issue about the extent to which engineering schools, or
better the engineering curriculum relies on what happens within schools. Should certain
cognitive (problem solving) skills be developed in schools through a recursive curriculum
that continues in higher education?

2. Engineering and the school curriculum

Some years ago | presented a paper at the Frontiers in Education Conference which showed
the multiple choice question in exhibit 8.1 [9]. You might like to try and answer it before
reading on.

You may, or may not be surprised to hear that the children engaged in this primary
(elementary) school programme ranged in age from 5 to 13. You may, or may not be
surprised to hear that the title of the programme was School Children Operating and
Organizing a Profitable Enterprise (SCOOPE). The citations are from posters prepared for the
schools in this programme by the project officer Ann Ryan.

The idea of the sponsors, The Tipperary Leader Group, was that children participating in this
scheme would develop and run for profit what is sometimes called a “min-company.”. One
school, for example, made an audio tape of the school choir singing Christmas music, and
sold it in the locality for charity. Another small school in rural Tipperary involved every child
in the school in producing a book about the school and the village. | was privileged to be
invited to evaluate the SCOOPE project.

The sponsors believed that Ireland was short of entrepreneurs, and that the group had as its
function, the development of entrepreneurial attitudes throughout the school system. It took
the controversial view that you did not try and achieve this goal through the Transition year,
which is a year between the ages of 15 and 16 when, among other things, students do work in
firms and in the community as a means of acquiring skills that will prepare them for life and
work (exhibit 8.2). Rather the Leader Group thought the pupil should begin to develop these
skills and attitudes in the primary (elementary) school. They believed, rather like the Jesuits,
that permanent attitudes are more likely to be acquired by younger than older children.

It was the intention that the pupils would develop the skill of independent learning, and they
would also be allowed the choice of project.

The teachers were much more enthusiastic, and did much more than the guidance notes
expected of them. They found it difficult to facilitate and allow the children to choose their
own projects. This is sometimes the case in higher education where an accepted goal is also
to help students become independent learners. Instructors find it difficult to let go. However,
both the teachers and pupils agreed that they had developed skills necessary for teamwork,
and especially communication. It seems that the pupils did not all experience all the skills
they were supposed to. Teachers and pupils confirmed that this was primarily due to the way
the project was organized.



The SCOOPE project was not directly related to engineering. But, it is evident that the
students were being invited to go through a process not dissimilar to the design cycle,
although in this case they talked the language of business. In a school in Britain the language
of design was learnt by 9 and 10 year old children.

Also in a school in Britain they created an opera company in four months. Apart from
demonstrating the importance of play the investigator. D. Davies asks us to make a
considerable jump in our thinking when he suggests that the “thought processes of children
and designers may be closer than we have realised” because “successful designers are those
who have kept hold of their imaging abilities, and developed them in parallel with other
mental attributes.” [...] My experience with children and a designer together is that they are
able to talk the same language, and build on the approaches they hold in common. Because
the aspects of the designing activity described above are entirely natural to children they
respond instinctively to the apprenticeship model of education offered by the designer in the
classroom rather than to more rigid, curriculum-led attempts to teach children design” [10].

In Canada the discourse of grade 4 children taking a course in “Engineering for Children”
was observed by W. M. Roth [11]. He found that prior to the course the students had scant
knowledge of engineering and engineering-related techniques. By the end of the course, they
had acquired “a competent engineering-related language that allowed them to articulate their
experiences. This discourse was striking in its variations and allowed students to integrate
their personal meanings” It had come about not through the imposition of textbook
definitions but through discourse in their groups. The language they learnt was not the result
of memory or teacher given definitions. It was “rich engineering design language to talk over
and about design artefacts and the activity of designing.”

As far as | know there was no follow up study to see if the attitudes acquired through their
projects were retained during their second-level education. Sometimes, so it is held, post-
primary education can Kill- off creativity. For example, some pupils who had transferred to
secondary school had told their teacher that they had asked the teacher of business subjects in
the secondary school if they could undertake a similar project to SCOOPE. They were told
“no.” Their primary school teacher suggested that they might undertake a project by
themselves, and work from home. This they did. It says a great deal for the impact of the
project on some of the pupils. But it raises issues about cognitive development across the
curriculum, not only K- 12 but through the period of higher education. The central question
is, “what happens to that language in post-primary education, and what can be done to
preserve it?” In Piagetian terms it is by no means clear that every student arriving at
university has successfully negotiated the stage of formal operations.

3. Curriculum questions raised by Piaget’s theory of cognitive development

Piaget’s stage theory has had a great influence on teaching. It is argued that students need to
be at the stage of formal operations in order to be able to study at university. However, some
studies in the US in the 1960’s and 1970’s suggested that the majority of freshmen in the US
had not reached the stage of formal operations when they entered university. These results,
however, could have been an artefact of test design [12].



Discussions during these seminars drew attention to the poor performance of freshmen: poor
motivation was also highlighted. It was also suggested that as the students moved onwards
and upwards they forgot, or apparently forgot essential material. Three questions arise: (1)
“Could it be that some of these students have not reached Piaget’s stage of formal
operations?” [13] (2) “What were their motivations for studying engineering” or, more
pertinently “what were their expectations of the first year curriculum?” (3) Does that
curriculum appear to them to be fragmented as Culver found in his studies in the 1970’s and
1980°s? [14] Or, as some medical schools have found, unrelated to medicine; or in this case
their perceptions of engineering? [15].

During the last forty years there has been some recognition that research on adult learning is
of value and relevant to higher education [16]. There has been a similar interest in post-
Piagetian development in engineering education. In higher education William Perry led the
way [17], and in engineering his cudgels were taken up by Culver and Hackos [18].

4. Intellectual development: Perry, and King and Kitchener

Studies of intellectual development provide other insights into the development of critical
thinking that was discussed in chapter VI.

Perry argued that intellectual and ethical development did not stop when a student reached
Piaget’s stage of formal reasoning. A number of stages follow which if they are not
negotiated will limit the student’s ability to handle complex (wicked) problems. Exhibit 8.3
shows the model as summarized by Culver and his colleagues. Perry found that freshmen
students brought with them attitudes from school that demanded from their tutors black and
white right answers which is exactly what the university curriculum should not be designed to
do.

It is quite easy to check if freshmen are behaving in this way. The problem for the teacher is
to promote a class culture that does not have these expectations. Bruner would suggest that
Socratic questioning and discovery learning are one way of causing students to begin to
change their attitudes.

By stage 3 of Perry’s model it is apparent that authority is ‘seeking the right answers’ and
only in the future will we know the right answer. In other words the student learns that there
may be more than one answer to a problem. Perry calls these first three stages “dualism”. He
argues that much teaching, by which he implies the lecture mode, reinforces this kind of
thinking.

The student moves on when he/she recognizes that authority does not have the right answers,
so from dualism the student moves into a phase of scepticism, for now it is clear that not only
does the authority not have the right answers but everyone, including the student, has the
right to hold his or her own opinions, and some of these can be supported by evidence. Thus,
by stage 5 some answers are found to be better than others and everything has to be
considered in context. It is a stage of relativism. Then the student begins to perceive that good
choices are possible and that commitments have to be entered into. By stage 9 (acting on
commitment) decisions are made with relative ease, a sense of identity and personal style is
obtained, and one is able to take responsibility for one’s own actions.



If students are enabled to break out from dualism and attain stage 5 much will have been
achieved. Clearly the design of assessment is crucial if deep as opposed to surface learning is
to be achieved [19]. Students are so often driven by how they perceive the requirements of
faculty for assessment.

There have been a small number of studies of the use of the Perry model in engineering. My
review of them led me to the view that first year students are attached to the idea of “real”
engineering, and therefore, the importance of design in the freshmen year cannot be over
emphasized. While a lot of freshmen courses have been redesigned and probably meet this
need, it seems that if students are not motivated, that which was gained in the first year will
be lost in subsequent years. It needs to be remembered that intellectual growth is not linear
[20]. Student development has to be seen as a “whole” department activity which will
undoubtedly require a substantial change in attitude on the part of many of its members.

A model that has many similarities with the Perry model is the Reflective Judgment model of
King and Kitchener. | find it very attractive because of the ideas it gives teachers about the
teaching of the seven stages (see exhibits 8.4 and 8.5).

The model focusses on the development of reflective judgement; reflective thinking is at the
heart of critical thinking [21]. The authors developed a reflective judgement interview (RJI)
for the purpose of measuring skills associated with reflective thinking. They claim that it
measures a construct that is different from the traditional constructs of critical thinking,
verbal reasoning, and formal operations. These, they argue, assess problem solving of well-
structured rather than ill-structured problems which the Reflective Judgment Interview (RJI)
is designed to assess. At the same time they suggest that learning to solve well-structured
problems may be a pre-requisite for learning the higher level skills they perceive to be
demanded by reflective judgment. King and Kitchener say that teachers need to “ask whether
their students have the inductive and deductive skills that appear to be necessary prerequisites
for higher levels of reflective thinking (p 202).”

As indicated the model has many similarities with the first three or four stages of the Perry
model, and may be describing the same things. The stages or levels of the model are
representative of pre-reflective thinking, quasi-reflective thinking (stages 4 and 5), and
reflective thinking (stages 6 and 7). {See exhibit 8.4).

The RJI typically consists of four ill-structured questions that focus on the concepts of the
model. “The four standard problems concern a range of issues: how the Egyptian pyramids
were built, the objectivity of news reporting, how human beings were created, and the safety
of chemical additives in food.” They have also used the problem of nuclear waste.

They describe a problem from two contradictory points of view with the purpose of studying
how persons’ reason about the intellectual issues involved. The interview is semi-structured.
After the question has been read out a series of probe questions are asked; they might be
followed up by other questions in order to focus or clarify, or refocus the response (p 102).
The RJI has been criticized for being gender biased. It should not be assumed that the stages
of the model are fixed and some-how related to the structure of the curriculum [22].

Moore and Hjalmarson [23] reported that given an appropriate learning environment using
an MEA first-year engineering students showed that they were capable of working on
complex problems [24] (see chapterV1.4).



Finally exhibit 8.6 records engineer and educator John Cowan’s levels of reflective thinking,
and is a reminder that his book on reflection in action in higher education is an excellent
source of reference for the beginning engineering educator (25).

Citation 1

“Students design and build an invention of their choice, and explore entrepreneurial topics, including profitability,
marketing, raising venture capital, angel investors and patenting. Creating mini-businesses plans forces teams to estimate
the manufacturing cost of their product and forecast potential sales revenue [2].

Citation 11
“The hands-on experience of developing project facilitates the students to develop skills required to operate a business
with regard to the generation of ideas, team work research, management, marketing skills, selling, record keeping etc”

[3].

Citation 111

“Basic steps of brainstorming

*Select a topic e.g. Ideas for business.

*get a group of 6 to 10 persons together.

*Select someone in the group to write down ideas.
*Accept all ideas-even daft ideas can sometimes work.
*Think as many ideas as possible.

*have fun but stay on focus. [4]

Citation 1V

The 4 key parts of the marketing plan are product, price, place and promotion.

*|s it the right product, design quality, colour etc? Is it what the customer wants?

*What are people willing to pay for your product?

*Make sure your price covers your costs and gives you a profit.

*Where and how is it easiest for your customers to buy from you?

*Tell customers about products or service using word of mouth, posters, advertising, publicity etc [5]

Question

Which pair of the above citations relate to a primary (elementary) school programme?

A. landll
B. landlll
C. land IV
D. HlandIV

The correct answer is D. (But 111 also relates to the primary curriculum).

Exhibit 8.1.



Transition, skill and competencies that the student should have experienced by the end of the Transition Year
Opportunity (TYO)

. Have been exposed to a broad, varied and integrated curriculum and have developed an informed sense of
his/her own talents and preferences in general educational and vocational matters (transition skills).

e Have developed significantly the basic skills of literacy, numeracy and oracy (It is assumed that most students
will have developed these skills before the end of junior cycle, but specific reinforcement may be needed for
some through TYO) (literacy, numeracy skills).

e Have developed confidence in the unrehearsed application of these skills in a variety of common social
situations (adaptability).

e Have experienced as an individual or as part of a group, a range of activities which involve formal and informal
contacts with adults outside the broad school context (social skills).

e Have developed confidence in the process of decision making, including the ability to seek out sources of
support and aid in specific areas (decision making skills).

e Have developed a range of transferable thinking skills, study skills and other vocational skills (learning skills).

e  Have experienced a range of activities for which the student was primarily responsible in terms of planning,
implementation, accountability and evaluation, either as an individual or as part of a group (problem-solving).

e Have developed appropriate and physical and manipulative skills in work and leisure contexts (physical).

e Have helped to foster sensitivity and tolerance to the needs of others and to develop personal relationships
(interpersonal/caring).

e  Have been enabled to develop to develop an appropriate set of spiritual, social and moral values (faith; morals).

e Have had opportunities to develop creativity and appreciation of creativity in others (aesthetic).

e  Have developed responsibility for maintaining a healthy life style, both physical and mental (health).

e Have developed an appreciation of the physical and technological environments and their relationship to human
needs in general (environment).

e Have been given an understanding of the nature and discipline of science and its application to technology
through the processes of design and production (science; technology).

e  Have been introduced to the implications and applications of information technology to society (information
technology).

This list of skills and competences is not exhaustive and new ones may emerge through the experience of
schools.

Exhibit 8.2. National requirements for school based curriculum development for the transition year between the end
of junior cycle and the beginning of senior cycle post-primary (elementary) education in Ireland for students in the
age range 15 to 16. (Curriculum and Examinations Board (CEB) (1986). Transition Year Programmes. Guidelines for
Schools. Dublin, CEB).



Positions 1 and 2 Dualism
All knowledge is known, and it is a collection of information. Right and wrong answers exist for everything. Teachers are
responsible for giving information, students are responsible for producing it.

Position 3 Early multiplicity.
Knowledge includes methods for solving problems. There may be more than one right answer. Teacher’s help students
learn how to learn. Students are responsible for understanding knowledge.

Position 4. Late Multiplicity.
Uncertainty with respect to knowledge and diversity of opinion become legitimate. Teachers require evidence to support
opinions and design choices, students learn how to think and analyse.

Positon 5 Relativism.
All knowledge must be viewed in context. Teachers are consultants. Students can synthesize and evaluate perspectives
from different perspectives.

Positions 6 — 9. Commitment with relativism.
For life to have meaning, commitments must be made, taking into account that the world is a changing relativistic place.

Exhibit 8.3. Parry’s model as interpreted for teaching engineering design by Culver, Woods and Fitch [22]

Stage Description

Stage 1 Knowing is limited to single concrete observations. What a person observes is true.

Stage 2 Two categories for knowing: right answers and wrong answers. Good authorities have knowledge; bad
authorities lack knowledge.

Stage 3 In some areas, knowledge is certain and authorities have that knowledge. In other areas knowledge is
temporarily uncertain. Only personal beliefs can be known.

Stage 4 Concept that knowledge is unknown in several specific cases leads to the abstract generalization that
knowledge is uncertain.

Stage 5 Knowledge is uncertain and must be understood within a context thus, justification is context specific.

Stage 6 Knowledge is uncertain but constructed by comparing evidence and opinion of different sides of an issue
Or across contexts.

Stage 7 Knowledge is the outcome of a process of reasonable inquiry. This view is equivalent to a general
principle that is consistent across domains.

Exhibit 8.4. Stages of the King and Kitchener Reflective Judgment Model.




Promoting reflective thinking Stage 3 Reasoning

Characteristic assumptions of stage 3 Reasoning.

Knowledge is absolutely certain in some areas and temporarily uncertain in other areas.

Beliefs are justified according to the word of authority in area of certainty and according to what “feels right” in areas of
uncertainty.

Evidence can be neither evaluated nor used to reason to conclusions.

Opinions and beliefs cannot be distinguished from factual evidence.

Instructional goals for students
Learn to use evidence in reasoning to a point of view.
Learn to view their own experiences as one potential source of information but not as the only valid source.

Promoting reflective thinking-stage 6 reasoning

Characteristic assumptions of stage 6 reasoning.

Knowledge is uncertain and must be understood in relation to context and evidence.

Some points of view may be tentatively judged as better than others.

Evidence on different points of view can be compared and evaluated as a basis for justification.

Instructional goals for students

Learn to construct one’s own point of view and to see that point of view as open to re-evaluation and revision in the light
of new evidence.

Learn that though knowledge must be constructed strong conclusions are epistemologically justifiable.

Exhibit 8.5. Promoting reflective thinking in the King and Kitchener model. Steps 3 and 6. Adapted from King, P. M
and K. S. Kitchener. (1994). Developing Reflective Judgement. San Fransisco, Jossey-Bass pp251 and 254,
respectively. Each tabulation also included sections for difficult tasks from the perspective of the stage, sample
developmental assignments, and developmental support for instructional goals.

Levels of reflective thinking. Examples of thinking that characterise the levels

A.  Summarising What is worrying me most, and why?

B. Analysing What conclusions can | draw from what | have thought
already?

C. Closing the review What points emerge from these reflections that are likely to
be of use to me?

D. Distinguishing What questions here might open up reflections that could
be valuable to me?

E. Reasoned selection Which is the best option for me at this moment?

F.  On-going evaluation Have | considered all that I should have thought about?

G. Self-awareness Have | let myself be unduly influenced by personal
preferences when choosing what to do?

H. Creative thinking What will be the best way to do this?

. Free thought Wai ta minute, wait a minute. | think | feel another blue
flash coming in.....

Exhibit 8.6. John Cowan’s nine levels of reflection, each accompanied by one of the several questions he uses to
illustrate each level. (Personal communication).
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IX

Organisation for Learning

1. Introduction

Substantial criticisms both philosophical and psychological were made of discovery learning
as well as the general position that Bruner took. The intention of this chapter is to examine
the position taken by David Ausubel in that debate.

Shulman in his review of the work of Ausubel, Bruner and Gagné states Ausubel’s position
thus, “Ausubel strongly rejects the notion that any kind of process, be it strategy or skill,
should hold priority among the objectives of education. He remains a militant advocate of the
importance of mastering well-organized bodies of subject-matter knowledge as the most
important goal of education.” [1].

It is a different view of knowledge to Bruner, and derives from a different view of the
objectives of education. It places Ausubel firmly in the group of scholar academics who
regard exposition by the teacher as the vehicle for learning. But, what matters for Ausubel is
the way in which that exposition is organized. Because Ausubel’s and Bruner’s objectives of
education are different it is difficult to assess “the relative potencies of the theories they
espouse,” so argues Shulman [2].

Ausubel’s approach is discussed here in order that beginning engineering educators can
evaluate if his concept of the “advanced organizer,” and more generally the concept of
cognitive organization has meaning for them.

2. The “advanced organiser”

Advanced organisers are a form of mediating response. Their intention is to facilitate
meaningful learning. As the term “advanced” suggests, they precede a major learning task,
although they are a learning task themselves. Ausubel uses concepts and principles to help
further explanation, as well as the organization of a more substantial body of material on the
same subject. In this way both readiness and structure are provided. Thus, one should precede
a lecture with a micro lecture that covers the key concepts and principles to be explained in
the main part of the instruction. In short, the principle function of the organiser is to bridge
the gap between what the learner already knows and what the learner needs to know before
he/she can successfully learn the task at hand. The “advanced organiser” is a sorting and
classifying mechanism [3]. It highlights the importance of prior knowledge in bringing about
any kind of change (see below).

Advanced organisers contribute to learning in two important respects. First, given that
learning is that process by which experience develops new and reorganises old concepts: the
organisers provide a link between the old and the new. Second, advanced organisers



contribute to the development of skill in transfer to new learning by providing meaning,
structure, and organisation about that which is to be learnt.

3. Using “advanced organisers”

Advanced organisers are a sophisticated form of getting a lesson off to a good start. It takes
graduate student teachers somewhat more time to learn that it is a good idea to tell the
students where they are going, that is, to tell the students the objectives of the course. While
there are instances where there might be good reason for not stating objectives, as Eisner has
suggested, it seems that learning is enhanced if students know where they are going. This is
particularly so when the teacher relates it to specific instructions on how to organize specific
information [4]. It is the first stage in constructing a scaffold on which the students can build
their understanding of concepts and principles.

Some teachers come close to constructing an advanced organiser when they begin their
lesson with a description or survey of what they intend to cover. Many of my graduate
student teachers reported that they had used the idea of advanced organisation, but the
examples | collected suggested that they found them difficult to design, as did I! What they
do is commonly practised, and they find the term “advanced organiser” is useful in
explaining the ‘what’ and ‘why’ of their actions. In this respect, Scandura and Wells
definition that an advanced organiser is “in general a non-technical overview or outline in
which the non-essential materials of the to-be-learned material are ignored” [5] seems to
describe these graduate student-teachers understanding of this technique. It may be argued
that a clear statement of outcomes fills this need.

In respect of mathematics, Orton [6] said that the concept of the advanced organiser is
valuable even though there are few occasions when new knowledge cannot readily be linked
to existing knowledge. Such is the nature of linearity in the subject of mathematics. It will
almost certainly be argued by some teachers that this applies to the teaching of engineering
science. So, what is the benefit of the organiser, if at all? First, the preparation of an advanced
organiser should aid the preparation of the lesson plan. Second, it should show what is
important and not important. In these circumstances it should help sort out the necessary from
the unnecessary. Jim Stice reported that designing his engineering classes by objectives
greatly helped him to eliminate unnecessary material (see chapter 1V). A reasonable working
assumption is that a learner can only hope to understand 5 or 6 major items in a single fifty
minute lecture, if that.

4. Prior knowledge; memory

The importance of prior knowledge cannot be over emphasised. It applies in all walks of life.
You will not get change unless the institution or persons you wish to change has some
knowledge that can help them assimilate the new knowledge that is required. In that way they
should be better prepared to engage in reasoned argument [7].The need for prior knowledge
and how to provide it, more especially through problem based, project based, and case
studies, may be inferred from recent publications [8; 9; 10].

One of my graduate student teachers reported that, “I had begun human (reproduction)
biology and was about to teach the digestive system. | realized that all the books would be



using terms like enzymes and starch, proteins and vitamins. Before introducing digestion we
had a lesson on diet and the seven types of food used in daily diet. This was a form of
advanced organiser and | used it to facilitate the learning of the digestive system. It was a
stepping stone to digestion.”

In this sense a course may be considered to be a series of advanced organisers. Prawat has
pointed out that the use students make of prior knowledge is dependent on the way
knowledge is organised in their memory systems [11]. Lessons have to be designed in
sequence if students are to construct an adequate scaffold. In these circumstances the
advanced organiser facilitates the memory because it draws attention to the specific ideas and
principles to be considered [12]. Hence, the importance of key concepts (see chapter X) for
both instruction and curriculum design.

5. Cognitive organisation

It is evident that there are many ways of organising knowledge. These and advanced
organizers are sometimes grouped together under the generic heading of cognitive
organization (or organisers). For example in my 1982 book on teaching the chapters were
organized around examination questions, each of which required from 45 minutes to 1 hour
to answer. The questions were designed to draw out significant principles that were then
discussed and illustrated in the text (e.g. exhibit 9.1). Studying questions of this kind is
valuable since it helps students prepare for examinations by helping them to construct
scaffolds so as to prevent them from memorising answers to questions they may predict will
appear in the examination paper. The questions should be designed to foster transfer to
different situations not directly considered in the instruction. In this way students learn to
integrate the disparate knowledge that is put before them in their courses. Students can also
be asked to design questions that elicit principles, and for that matter design their mark
schemes [13].

Unfortunately, too often we do not consider the design of questions to be an art. Consider the
example in exhibit 9.1. The first question insists that the respondents give examples from
their own teaching, whereas the second question would induce examples from a text book.
Some of my colleagues would say that an answer to the first question could be fudged, in
which case you would have to ask the students to submit their teaching journals which would
show whether or not they had used an advanced organiser. If the answer is in their journal
(portfolio) then you are left with the question, “What is the point of the exam?” And that, in
its turn, raises the question,” how is the understanding of the application of theory into
practice to be measured?”

Question 1. Describe two kinds of advance organiser for use in learning the same material in the subject you teach.
Indicate the characteristics of those advanced organisers and say why they will facilitate the acquisition of new
information.

Question 2.Construct two kinds of advanced organisers for use in learning the same material. Indicate the characteristics
of the advanced organisers and why you think they will facilitate the acquisition of new material.

Exhibit 9.1

In project work it is found that students who can clearly define what it is they want to do at
the beginning of the exercise have a much better chance of completing the project than those



students whose focus is ill-defined at the beginning [14]. In other words those who perform
well are able to create their own advance organisers, which is what a project plan is. Those in
difficulty require much help. This is consistent with the finding that mature students derive
greater benefits from exposure to new information and experience than immature students
who are unable to apply rules and are inhibited by a limited knowledge base [15].

Cognitive organisers of whatever kind help students to alter and to focus on what is to be
learnt. They mediate between what has been learnt and what is to be learnt. They are
knowledge dependent in two ways — first, if the students do not have prior knowledge they
will be “out of their depth.” It is the experience of beginning teachers that getting instruction
right is sometimes difficult. If it is not aligned with prior knowledge it may cause minor
disruptive behaviour. Sometimes a class may ramble along quite cheerfully for several weeks
before the beginning teacher finds out that the principles have not been understood. I suspect
that many teachers are unaware that this may be happening; I do not differentiate between
high school or university teachers!

Second, cognitive tasks that require the active transformation of knowledge are very
demanding [16]. It is evident that such demanding tasks can impact on low achieving
students. Cognitive tasks should, therefore, be designed with care so as not to reduce the
confidence with which students approach their learning.

6. Mediating responses

Teachers understand that they have to provide connections between that which has been
learned and that which is to be learned through the association of one idea with another. They
do this through mediating responses. Parents do this when they help their children to learn
through the use of terms such as:

-is like
-is different from.

By using statements like these, particularly those that relate to similarities and differences,
new phenomena can be related to the experience of the child. But mediating responses have
to be used with care; they may cause ambiguity, or they may not be understood. For example,
teachers often use the word familiarity instead of experience, but they also use familiarity in
two senses [17]. Great care must be exercised in the choice of such terms to ensure that they
are clearly understood by the students in the context in which they are used. Mediating
responses like “is different from” may also cause the teacher considerable problems since
students may not grasp the significant differences. A teacher is likely to be helped by the
research which has been done on concept learning which will be discussed in chapter X.

One of the important lessons of analytic philosophy is that irrespective of level of intellect
and maturity we have to be clear about the meaning of the language we use if there is to be
correspondence between our meaning and that which is perceived by students. This applies as
much in university lecture theatres as it does to elementary school classrooms. Similarly
much care needs to be taken in the preface to instruction if that instruction is to be
meaningful to the students.

7. Impact of K-12 and career pathways



As will be shown in chapter X students often bring misconceptions with them that have been
learnt before they come to university. This is not surprising we are surrounded with
engineered artefacts ranging from bridges to | phones about which judgments are made about
how they were designed and work. Therefore, those responsible for teaching STEM subjects
in schools have an obligation to ensure that their students understand the concepts [18], and
find strategies to influence student learning, as for example through project work [19].

Complaints about the lack of interest in engineering among high school students are the
concern of engineering educators in several countries and numerous studies have been
undertaken over the years to try and understand the problem. One intervention in the US has
been the design of first year programmes that help students to make informed choices. They
are programmes that provide prior-knowledge purpose. One study has shown that the reasons
students choose to pursue a particular engineering discipline are very field specific [20].The
American system is in contrast to the UK where students directly enter into a specialist field.
In this case there is an onus on high schools to ensure that there is appropriate career
guidance. Part of the purpose of career guidance is to provide students with adequate prior
knowledge.

Notes and references

[1] Shulman, L. S. (1970). Psychology and Mathematics education in E. Begle (ed)
Mathematics Education. 69" Year book of the National Society for the Study of Education.
Chicago, Chicago University Press.

[2] ibid

[3] Ausubel, D. P. (1968). Educational Psychology. A Cognitive View. New York, Holt,
Reinehart and Winston.

Ausubel writes:

“Logically meaningful material becomes incorporated most readily and stably in cognitive
structure in so far as it is subsumable under specifically relevant existing ideas. It follows,
therefore, that increasing the availability in cognitive structure of specifically relevant
subsumers - by emplanting suitable organisers- should enhance the meaningful learning of
such material” [ p 137].

He lists the components of the rationale as follows:

“(a) the importance of having relevant and otherwise appropriate established ideas already
available in cognitive structure to make logically meaningful new ideas potentially
meaningful and to give them stable anchorage; (b) the advantages of using the more general
and inclusive ideas or subsumers (namely, the aptness and specificity of their relevance, their
greater inherent stability, their greatest explanatory power, and their integrative capacity);
and (c) the fact that they themselves attempt both to identify already existing relevant content
in cognitive structure (and to be explicitly related to it) and to indicate explicitly both the
relevance of the latter content and their own relevance for the new learning material. In short,
the principle function of the organiser is to bridge the gap between what the learner already
knows, and what he needs to know before he can successfully learn the task at hand [p 138].



[4] Corno, L. (1981). Cognitive organizing in classrooms. Curriculum Inquiry, 11, 359 —
377.

[5] Scandura, J. M. and J. M. Wells. (1967). Advanced organisers in learning abstract
mathematics. American Educational Research Journal, 4, 295-301.

[6] Orton, A. (1992). Learning Mathematics. Issue, Theory and Practice. 2" edition.
London, Cassell.

[7] Heywood, J. (2006). Factors in the adoption of change: identity, plausibility and power
in promoting educational change. ASEE/IEEE Proceedings Frontiers in Education
Conference, T1B- 9 to 14.

[8] Spezia, C. (2017). Instructional development and assessment of a task-oriented senior
level data acquisition project in a simulated business environment. Proceedings Annual
Conference of the American Society for Engineering Education. Paper 940.

[9] Lee, W.and F. Mak. (2017). A Case study: A new course on engineering project and
management for first-year graduate students in electrical and computer engineering.
Proceedings Annual Conference of the American Society for Engineering Education. Paper
635.

[10] Delatte, N. et a.l (2017). Assessing the impact of failure case studies on the civil
engineering and engineering mechanics curriculum: phase Il. Proceedings Annual
Conference of the American Society for Engineering Education. Paper 531.

[11] Prawat, R. S. (1989). Teaching for understanding: three key attributes. Teaching and
Teacher Education, 5, 315-328. See also p 100 of Brown, P. C., Roediger, H. L., and M. A.
McDaniel. (2014).Make it Stick. The Science of Successful Learning. Cambridge, MA.
Belknap Press.

[12] Gage, N. L and D. C. Berliner (1988) Educational Psychology. 4™ edition. Boston,
Houghton Mifflin.

[13] Heywood, J. (1978). Examining in Second Level Education. Dublin, Association of
Secondary Teachers Ireland. p 80.

[14] Carter, G., Heywood, J., and D. T. Kelly. (1986). Case Study in Curriculum Assessment.
GCE Engineering Science (Advanced). Manchester, Roundthorn Press.

[15] Brown, A.L., Campione, J. C and J. C. Day. (1981). Learning to learn. On training
students to learn from texts. Educational Researcher, 10(2), 14-21.

[16] Corno, L. (1986). Self-regulated learning and classroom teaching. Paper at annual
meeting of the American educational research Association cited in Bellon, J. J., Bellon, E. C.,
and M. A. Blank (1992). Teaching from a Research Knowledge Base. A Development and
Renewal Process. New York, (Merrill) Macmillan.

[17] McDonald, F. J. (1968). Educational Psychology. Belmont, CA. Wadsworth.



[18] Brophy, S. P. and G. Mann. (2017).Teachers noticing engineering in everyday objects
and procedure. Proceedings Annual Conference of the American Society for Engineering
Education. Paper 2535.

[19] Oswald, N., Huddleton, C and A. Cheville. (2017). A Race-car design-built-test project
for low income first generation pre-college students. Proceedings Annual Conference of the
American Society for Engineering Education. Paper



X

Concept Learning
1. Robert Gagné

Robert Gagné also takes an opposite view to Bruner but unlike Ausubel his emphasis, is like
Bruner on process rather than product. His theory is in the “objectives” tradition and begins
with the question, “What is it you want the learner to be able to do?”” Gagné calls this a
“capability.” In order to achieve this capability it needs to be analysed, and this will produce
a hierarchy of tasks that have to be completed in order [1].

In his earliest model the understanding of principles was preceded by the understanding of
concepts. A principle was the linking of two concepts e.g. “Birds Fly.” Unfortunately, it is
somewhat more complex than this for some concepts embrace principles. They become
“fuzzy” when there is a debate about the principles that contribute to their structure. The
concept of “democracy” serves to illustrate this point. This does not null the theory but is a
reminder of the complexities that arise at the higher levels of learning including engineering.

The revised version of his categories of human learned capabilities is shown in exhibit 10.1.
In his first scheme he did not distinguish between the two types of concepts. Of the revised
categories he wrote: “Learners have acquired ‘concrete’ concepts when they can identify
previously unencountered instances of a class of objects, a class of object properties, or class
of events by instant recognition™[...].

“Learners have acquired a ‘defined’ concept when they use a definition to put something they
have not previously encountered or put somethings into classes”... Using the term “rule”
rather than principle, learners have understood the rule “when they can demonstrate its
application to previously unencountered instances.” This is what is meant by “transfer of
learning.”

“Principles or rules derive from relationships between concepts. “Higher order rules” as
Gagné now calls “problem solving” are obtained “when two or three more previously learned
rules are used to answer a question about an unfamiliar situation [2]”

Cognitive strategies are internal mechanisms for improving the effectiveness of learning.
Attitudes are predispositions which shape a person’s behaviour toward artefacts, events, and
people: motor skills are involved in the performance of a physical task.

The attempt to model Gagné’s first published scheme shown in exhibit 10.2 was made by a
graduate student teacher of economics. Another graduate student devised the scheme shown
in exhibit 10.3 for algebra for 12 to 13 year olds.

Both Ausubel and Gagné favoured guided exposition (or guided learning) necessitating a
sequential approach to instruction. Teachers need to be cognisant of the difficulties that many
students have in learning concepts particularly complex concepts. Very often students get left
behind because they have not understood a concept. This is particularly true of engineering,
where it has also been found that motivation and course design enhance understanding in
mechanics [3].

2. Misperceptions



The difficulties that engineering students have in learning to think qualitatively were
discussed in chapter VI. The need to understand concepts was highlighted. There is not only
the possibility of not understanding but the possibility of misperceiving what is meant. In
Engineering Education John Clement described a very similar problem to that described by
Glyn Price (exhibit 6.4) [4]. He gave detailed accounts of two interviews (verbal protocols) in
which a student was asked to explain his problem solving processes. The first interview
related to the concept of acceleration. It seemed that Jim the student had demonstrated an
understanding of the concept because he had successfully obtained the acceleration of an
object as a function of time. However, when Jim was asked to draw a qualitative graph for
the acceleration of a bicycle going through a valley between two hills he confounded the
concept of acceleration with concepts of speed and distance. It appeared wrote Clement, that
while “Jim can use a symbol manipulation algorithm, his understanding of the underlying
concept of acceleration is weak. The student has a procedure for getting the right answer in
special cases but demonstrates little understanding of the concept when asked to apply it in
the practical situation. We may describe such a student as having a “formula centred view of
the concept.” Other papers in engineering continue to draw attention to this phenomena as the
following paragraphs will show..

At about the same time similar perceptions were being reported by scientists and the idea of
‘naive’ knowledge in science learning was promulgated [5]. Since then there have been
hundreds of papers on misperceptions in the sciences and engineering. Bucciarelli takes an
entirely positive view of the problem, he writes, “if misconceptions and common sense were
somehow disallowed, we would still be living in the stone age. Popper is right: progress is the
product of ill-conceived conjecture and its possible refutation” [6].

Accompanying them has been the development of “Concept Inventories”, the first of which
seems to have been in physics [7]. In their study of assessment in engineering, Pellegrino,
DiBello and Brophy [8] consider concept inventories to have value in formative evaluation.
This view is supported by an analysis of a number of inventories including the Concept
Assessment Tools for Statics (CATS) developed by mechanical engineer Paul Steif [9].
Womeldorf has provided and introduction to the construction of these instruments [10]. As an
alternative to concept inventories Kean et al have shown how the Model Eliciting Activities
(MEA’s) discussed chapter VI may be used to identify misconceptions [11].

Ruth Streveler and Ron Miller describe how the study of student understanding of concepts
led to a change in course structure at the Colorado School of Mines. It is evident from that
study, that in engineering, the educators have to differentiate between not-understanding,
surface understanding, and deep understanding [12]. The primary problem is how to dislodge
these misconceptions so that the new learning persists. Hsieh, Recktenwald and Edwards
designed inquiry exercises to confront student misunderstandings but found that it was
necessary prepare students familiar with traditional laboratory work for the inquiry based
approach [13].

The more fundamental issue relates to ‘traditional’ instruction since teaching must influence
whether or not students misperceive concepts. | suspect that most beginning engineering
educators are like my graduate student teachers and do not understand the importance of
concepts in learning. Probably the most common technique used for teaching concepts and



principles is to use examples. My graduate student teachers were surprised to find that the use
of examples and non-examples during instruction is not as easy as it seems.

3. Using examples

Engineering educator John Cowan wrote that conceptual understanding usually begins with
examples. He had been convinced that this was the case by R. R. Skemp, a specialist in
mathematics education. Skemp [14] believed, writes Cowan, “that it is essential that a
concept is first encountered in the form of examples which establish the beginning of
understanding. And he maintained that it is only when an initial understanding has been
acquired, through the use and consideration of examples, that any abstract generalization or
refinement of definition is possible or meaningful. For only at that point, he asserted has the
learner developed sufficient understanding of the underlying concept on which to build
thereon the theories and understanding which use and consolidate the concept™[15].

Cowan went on to describe how he had seen an elegant demonstration of this technique at an
international conference during a keynote address on the acquisition of concepts.

The lecturer “taught her audience as she had taught her research subjects, the grammatical
concept of the morpheme. First, she provided an assortment of examples, all of which were
undoubtedly morphemes- and so this concept was established in the minds of her listeners-
including me, who had not hitherto encountered it. Then she quickly tables a set of examples,
all of which were not morphemes- although I might have a little earlier have so classified
them, while I was still uncertain about what a morpheme is. Thus the concept was yet more
firmly concreted in the minds of the learners like me in the audience, as it had been in her
research study. As her next step, and in refinement of our understanding, she gave us some
more borderline examples which were marginally morphemes. By this point we had well and
truly mastered the concept of the morpheme from examples” [16].

The strategy has some similarities with the early research that was done with young children
on the sequencing of examples and non-examples. My graduate student teachers were asked
to replicate one or other of these investigations. Many used a teaching strategy based on
research that had been suggested by De Cecco and Crawford (exhibit 10.4) [17].

Steps 1 and 2 require the instructor to define the attributes and values of the concept (exhibit
10.5). It is also helpful to young students to be able distinguish between conjunctive,
disjunctive and relational concepts as it helps with the learning of grammar.

Mediators do not necessarily have to be verbal. They can be visual, as for example, concept
cartoons which are attractive to students who do not like reading too much text [18]. But too
much animation can be distracting [19]. It should be evident that computer assisted
instruction can be designed to teach concepts in this way [20].

Often teaching is made difficult because the students bring with their thinking a stereotype of
the concept (exhibit 10.6).At any age the learner is likely to try and simplify the concept.
Science concepts can be very difficult. One of my graduate student teachers argued that in
teaching the concept of clouds to thirteen year olds difficult attributes such as structure,
moisture content, and electrical charge should be ignored in favour of attributes such as
height, shape and structure (see exhibit 10.7).



Graduate student teachers find it difficult to define attributes and values. But, the evidence is,
that when they are forced to think about the dominant features of a concept they find it to be
an aid in the planning and implementation of a lesson. It is also evident that part of the
confusion students have in learning concepts is because many teachers do not take a step-by-
step approach that ensures the students understand the dominant attributes first. But this takes
time and often tutors are unwilling to give that time because of beliefs about the need to
cover the syllabus. This seems to be a central issue in teaching; it seems probable that a lot of
the difficulties experienced by engineering students, especially in the freshmen year, arise
from a shortage of time to assimilate the learning of the concepts being presented, especially
when they are complex.

=

verbal information
2. (i) Discrimination.
(if) Concrete concepts.
(iii) Defined concepts.
(iv) Rules.
(v) Higher order rules (problem solving)
3. Cognitive strategies.
4. Attitudes.
5. Motor skills.

Exhibit 10.1 Gagné’s five categories of human learned capabilities.
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Ability to multiply out (expand) two algebraic
expressions, each containing more than one
term, eg. (x+3) (2x + 6)

Ability to multiply out an algebraic expression

Multiplication of
algebraic terms

| Multiplication of variables
e yxy=y

with one term outside the bracket, Eg. 4(x = 4)

Ability to multiply integers

Adding like terms,

eg. 3x + 2y +x=4x +2y

Multiplication of co-efficients.
Eg. 3ax4b = 12ab

Adding and subtracting
integers

A

Meaning of the co-efficient, Eg.

Exhibit 10.3

2y =2xy

Concept of algebra - replacing
letters by numbers

A 4




Describe the performance expected of the student after the concept has been learned.

Reduce the number of attributes to be learned in complex concepts and make important attributes dominant.
Provide the student with useful verbal mediators.

Provide positive and negative (non) examples in terms of appropriate number and realism

Present the examples in close succession or simultaneously

Provide occasions for student response and reinforcement of those responses.

Assess the learning of the concept.

NogaprwNE

Exhibit 10.4. de Cecco and Crawford’s seven instructional steps for concept learning.

Attributes Values

Conjugation Given expression in personal pronouns

Changeability Can be used as present/past participle

Tense Can be singular or plural

Definition of behaviour Can express past, present, future

Linkage Offer assertion

Regularity/irregularity within fixed rang Join words into sentence/phrase
Change in conjugation

Exhibit 10.5. A graduate student teacher of modern languages view of the attributes and values of a ‘verb’

I had difficulty in convincing the students that ‘implicit costs’ should be included as most of them has a stereotype that
costs were comprised solely of ‘explicit costs’ such as rent, wages, etc Implicit costs include an item known as ‘normal
profit’, and the students were extremely reluctant to allow this to be classed as a cost of production. Until they overcame
their original and slightly imperfect view of profit they were unable to appreciate the existence of these implicit costs.
Thus concepts are highly influential as the student develops an understanding of his environment and all it entails. They
can be important facilitators of education and instruction and allow generalizations to be made. However if the child
enters the salesroom bearing a subjective idea of the concept that is not quite correct, then it can serve as an extremely
harmful hindrance to effective learning. | found it very difficult to get them to appreciate that normal profit should be
included. They had come armed with a stereotype that ‘normal profit’ should be included. They had come armed with a
stereotype that ‘profit’ and ‘costs’ should be entirely estranged.

Exhibit 10.6 Difficulties in the teaching of the concept ‘production costs’ to sixteen year old boys experienced by a
graduate student teacher.



A. Content

B. Method

C. Content

D. Method

Stage 1. Introduction

Stimulation of interest in
clouds

Introduce a discussion on
rain. Its relevance to Irish
climate. Is there any chance
of predicting rain?

The use of non- examples

1.As the slides are shown a
kettle is allowed to boil so
that when the lights are
turned on a layer of steam
occurs in the upper levels of
the classroom.

2.Breaking the laws on
smoking in public places a
cigar is then lit

3.A picture of Dublin smog
is then passed around

4.The pupils are then asked
to look at a picture in the
textbook which shows
industrial pollution.

Give a definition of clouds

A succinct and straight
forward definition of the
concept is given and written
on the boar.

Discussion of non-
examples

A discussion is initiated to
find out why these non-
examples cannot be
included in our concept.

Ascertain any previous
knowledge and
understanding of the terms
to be used

One must use verbal
questioning to find out what
they know to see if they
have any misconceptions
and to see if they have
understood the previously
related classes including the
terms, condensation,
saturation, precipitation.

Stage 3 Application

The concept of the
hydrological cycle

Review verbally the
concept of the hydrological
cycle (dealt with in
previous lesson) and hand
out a copy to which they
must assign labels

Diagrams are drawn in
books

A copy of diagram (ii) is
taken down in the copy
books as a visual reminder
of the height, shape and
attributes of clouds

Stage 2 Presentation

Stage 4. Conclusion

An explanation of the
attributes of clouds

The discussion is initiated
by a review of their
previous observations on
the attributes of height and
colour. This is reinforced
by a discussion on other
attributes such as formation
and shape.

A summary and
reinforcement programme
is used.

The class reviewed by
discussion with the
essential information being
highlighted by writing on
the board.

Classification of clouds

Using a diagram shown on
PP di indicate height
(diagram (ii) shown
permanently — a number of
slides of cloud types are
shown (examples)

Exhibit 10.7 A graduate student teacher’s lesson plan for clouds for thirteen year olds showing the use of examples

and non-examples.
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a box in which the concepts were explained in greater detail. The main feature was the
provision of two boxes side-by-side for presentation of two examples that could be compared.
The purpose was to provide multiple examples and through them enable the student to gain a
deeper understanding that would lead to better and deeper concept maps. Below the two
boxes were to other boxes for student work. An initial evaluation with 117 students in a one-
hour tutorial suggested that the rate and extent of learning was significantly greater than when
the features were used alone or both were absent.



Xl

Complex Concepts

1. Complex and fuzzy concepts.

Students sometimes have difficulty in understanding complex concepts because they are
looking for black and white definitions, the effect of which is to restrict their understanding.
“If you initially conceptualize an issue in an over restrictive way, this can prevent later
insights from developing, committing you to a single track of thinking” [1]. Freshmen
students in the social sciences and humanities are often faced with extremely difficult
concepts, as for example “democracy.”

Dunleavy recommended the five step approach to solving complex problems shown in
exhibit 11.1. Step 1 is completed by placing democracy in the universe of the political
system. To complete step 2 the student has to ask, “What is the opposite of democracy?”
Some of the dichotomies proposed will be appropriate and others inappropriate. Dunleavy
shows how easy it is to produce an inappropriate idea. For example, “the familiar contrast
between ‘democracy’ and ‘totalitarianism’ is a false dichotomy because totalitarian regimes
are a very small sub-class of non-democratic regimes...but most non-democratic regimes do
not go this far” [2]. False dichotomies can arise from or be stereotypes.

Similar complexities will be met in science. Howard makes the point that some stimuli are
hard to classify as ‘exemplars.” He cites the example of a teacher who used the example of
‘species’ in a course on evolution only to pull the notion itself apart at the end of the course
[3]. Miller and his colleagues at the Colorado School of Mines obtained the views of teachers
in a variety of engineering topics about the difficulty of different concepts in their subjects,
and concluded that, as in the humanities, there were concepts in engineering that were fuzzy,
that is, having no clear cut boundaries or defining features [4]

A useful procedure for teaching complex concepts is that of a “best example” or “prototype,”
the latter being the most typical case among a category of members. A stimulus identifies a
category as a function of its resemblance to a prototype [5]. One approach is to define the
concept, present the learners with one or two typical exemplars with the instruction to
remember them by forming a visual image so as to memorize their features. The learners are
then presented with a series of examples and non-examples among which is the best example.
They categorize the examples and non-examples by reference to the best example (or
prototype) and in so doing learn how to generalize and discriminate against the prototype.
They can also be asked to define the dimensions along which the examples vary from the best
example [6].

Analogy and metaphor are also commonly used in the teaching of easy and complex
concepts. Analogies with water systems are often used by teachers to explain electrical
circuits.

Gordon (cited by Howard) distinguishes between three types of metaphor, direct analogy,
personal analogy and compressed conflict. The first involves comparison of two concepts (X
is like Y). The second asks the learner to put themselves in the position of someone or thing.



“What would it be like if I were...?”’The third is the comparison of two contradictory
concepts [7].

Metaphors can cause confusion and misunderstanding. There is a danger that if incorrect
features are transferred considerable misunderstanding will ensue. For this reason it is
important that students are familiar with one of the domains. It is, therefore, important to
check that the metaphor has been understood.

When they were writing their final evaluations on concept learning my graduate student
teachers were told to read certain chapters from a book by R. W. Howard. They were then
asked to say if they would have used a different approach to teaching the concept, and say
what that approach would be. Most were happy with what they had done, but their favourite
alternative was the concept or semantic map.

2. Staged development

There has long been a debate about the value of teaching rea life applications in science and
technology as a means of helping student understanding. Raghavan and his colleagues
consider that such an approach helps students better understand mathematical concepts. One
of them had developed modules designed to increase complexity incrementally. For example,
“a module in spring-mass systems started with a linear spring system, transited to a non-
linear spring model, and finally ended with a coupled spring system model for the landing
system of a spacecraft”[§].

Unfortunately, Raghavan and his colleagues had not tried the model out on their students but
they describe in detail how the modules are constructed based on instructional strategy of
guided inquiry. Such schemes might benefit from a spiral approach.

3. Concept mapping and key concepts.

The role of concept maps in distinguishing experts from novices and the implications for
teaching have already been discussed in chapter 5 section 4. They are techniques for
facilitating meaningful learning [9] by organizing the essential information into a visual
framework that displays the attributes and values of the concept to be learned. They may be
used to design and evaluate instruction, to diagnose what students know, and act as advanced
organizers. In their turn students can use them to learn in lectures, and plan their learning.
Such maps come in all shapes and sizes.

In the Anglo-Irish system of examining where undergraduates write essays or solve problems
that take from 40 minutes to 1 hour, students are encouraged to prepare a summary before
they write their answers. Exhibit 11. 2 shows a concept map that one of my graduate student
teachers drew before answering a 1 hour question on self-accountability in teaching [10]. The
schematics illustrating Gagné’s approach to instruction shown in chapter X are concept maps.
Their value in learning is enhanced if students are helped to use them to construct frames of
reference that will help them deal with new situations.

Kraus and Tasooji found that if concept sketching was used to implement pair discussions
that a high gain in understanding in the Materials Concept Inventory. It appeared to enhance
learning more than paired discussions. Their results suggested that “concept sketching may
facilitate repair of students’ conceptual frameworks through the displacement of the robust



misconceptions held by the students [11]. Like other engineering educators they found the
National Academies report How People Learn: Bridging research and Practice to be a
valuable support [12]. One study supplemented the framework presented in this study with
the Legacy Learning cycle for a challenge in solid mechanics [13].

A curriculum may be designed around concepts, some of which are more central than others.
These latter have been called key concepts. They are procedural devices that have as their
purpose the design of the structure and content of the course. Taba who is credited with the
invention of the idea uses difference, multiple, causation, interdependence and democracy as
examples. Taba writes, “These types of concepts are usually in the background and therefore
often relegated to incidental teaching. In a sound curriculum development they should
constitute (what some have called) recurrent themes, the threads which run throughout the
(entire) curriculum in a cumulative overarching pattern”[14]. An example is given in exhibit
11.3. The relevance of the spiral curriculum may be appreciated from this list which was used
to develop a curriculum for middle schools in England by W. A. L. Blyth and his colleagues
[15]

The purpose of key concepts is to help the instructor choose, and organize topics for work
(e.g. exhibit 11.4). The interpretation of a syllabus (content) in terms of its concepts is an
essential task, for it helps teachers concentrate on those tasks necessary for understanding,
and the transfer of learning. Key concepts are therefore, objectives to be achieved and are as
important as behavioural objectives. Moreover, given the understanding that often instruction
is carried out at too fast a rate, a pace linking concepts to objectives should ensure a focused
and coherent curriculum that will bring about high order thinking.

Technology based concept mapping has been introduced as an active learning strategy to help
both students and instructors create visual navigation structures through complex knowledge
domains such as the content of a course or a curriculum [16].

Related to the idea of the key concept is the idea of “concept clusters”. Engineering educator
Paul Steif has shown how he has used “concept clusters” to organize both assessment and
instruction in Statics [17]. He distinguishes between (a) skills that are actions that can be
mastered by rote practice, and (b) concepts that demand much more careful explanation and
deeper understanding (exhibit 11.5). He argues that some errors may stem from inadequate
skills rather than conceptual misunderstandings. Related to this is an argument by
Papadodouplos that procedural knowledge should also be emphasized if there is to be
conceptual understanding [18].

Baillie, Goodhew and Skryabiba have explored the use of threshold concepts in engineering
for removing potential blocks in student understanding [19]. Threshold concepts were
suggested by economists Meyer and Land [20]. They are certainly complex concepts and
seem to fulfil the same functions as key concepts. In-depth understanding is likely to produce
an “ah-ha” moment and to have in Meyer and Land’s terminology a transformative effect.
Similarly a key concept once learnt is likely to be built into one’s schema and not forgotten.
Moreover, it is necessarily part of a more general map whose understanding will depend on
similar understandings of all the concepts in the map. Examples of threshold concepts in the
literature include standard deviation and opportunity cost. The concept of waves would fall
into this category, and Donald’s key concept structure for waves serves to affirm this
argument (exhibit 11.6) [21]



In the United States H. Lynn Erickson has questioned the standards movement’s ability to
raise the level of conceptual thinking, and argues that national standards have to be looked at
through concepts so that thinking can be taken beyond facts, and facilitate understanding
[22]. Given the arguments about the crowded curriculum it is surprising that engineering
educators have not started to examine the curriculum from the combined focus of outcomes
and key concepts. There is quite a body of research in engineering education that shows the
importance of concept learning in engineering. [23].

Pace the concept in its universe.

Search acronyms to the concept within this universe.
Look antonyms of potential antonyms

Look for unstated partner words.

Explicitly examine different forms of the concept.
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Exhibit 11.1 Dunleavy’s recommended five-step approach to the clarification of concepts.
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Exhibit 11.2 Concept map drawn by a graduate student teacher prior to writing a 1 hour answer to a question on
self-accountability in education in a university examination.



1. Communication
2. Power.

3. Values and beliefs.

4. Conflict/consensus

5. Similarity/difference

6. Continuity/change.

7. Causes and consequences.

The significant movement of individuals groups or
resources or, the transmission of significant information.
The purposive exercise of power over individuals and
society’s resources.

The conscious or unconscious systems by which
individuals and societies organize their response to natural
social and supernatural disorders.

The ways in which individuals and groups adjust their
behaviour to natural and social circumstances.
Classification of phenomena according to relevant criteria.

Distinction of phenomena along this essentially
historical dimension.

The notion that change in a state of affairs can be
contributed to the phenomena preceding.

Exhibit 11.3. Key concepts in the University of Liverpool’s History, Geography, and Social sciences Middle schools

project.




Obijectives

Key concepts

Specific content

Learning experience

1. The fostering of
willingness to
explore personal
attitudes and
values and to
relate these in
other people.

2. Tounderstand
how other people
interact with
their particular
environments.

3. To make
connections
between concepts
and percepts
which have been
learned in
previous lessons
to the present
analyses.

4. The encouraging
of an openness to
the possibility of
change in
attitudes and
values.

EVIRONMENTS
(similarity and difference)

1. Tropical lands.
2. Temperate lands.
3. Cold lands

Group work.

Various groups make a
study of these three
environments. Work could
be divided into (a) physical
environment (b) social
environment (c) cultural
environment.

Overview

1. Todevelop inthe
students an
ability to plan.

2. To apply theories
to new situations
and to evaluate
the result.

3. Todevelop and
test hypotheses.

4. 4. Toworkina
group and to
coordinate efforts
and delegate
tasks.

URBANIZATION
(continuity and change)

1. Urbanization on a
global scale.

(@) Process over
time

(b) Third world
cities
(problems and
growth)

2. Economic
development

(@) Agriculture to
industry.

(b) Stages of
development
and the third
world,

(c) Theories-
Growth centres
%
decentralization

3. Planning city growth

(@) Urban sprawl
and decay.

(b) Renovation and
renewal.

(¢) Rehousing and
new town.

4. Shannon
development
5.  Dublin

Application of Rostow’s
stages of development.

Evaluation of theories

Group project

1. Fieldwork
around Dublin
collecting
information.

2. Anurban study
of Dublin
emphasizing
problems
associated with
growth and
proposing
possible
solutions.




Expect 11.4. Extract from a curriculum in geography developed by Gina Plunkett a graduate student teacher. Part of
a third year curriculum reprinted in Heywood, J 91982). Pitfalls and Planning in Student Teaching. Kogan Page.
London.

Concept clusters
1. Forces acing between bodies.
2. Combination and/or distribution of forces acting on a body are statically to a force and a couple.
3. Conditions of contact between bodies or types of bodies imply simplification of forces.
4. Equilibrium conditions are imposed on a body.

The skills needed for implementing the concepts of Statics are
1. Discern separate parts of an assembly and where each connects with the others.
2. Discern the surfaces of contact between connected parts and/or the relative motions that are permitted between
two connected parts.
3. Group separate parts of an assembly in various ways and discern external parts that contact a chosen group.
4. Translate the forces and couples which could be exerted as a connection (e.g. there is only a force in one
direction) into the variables, constants and vectors that represent them.

Exhibit 11.5. Paul Steif’s concept clusters and skills for teaching and learning Statics.
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Exhibit 11.6. Donald’s key concept structure of “Waves.”
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Exhibit XII
The Learning Centred Ideology
How Much Should We Know About Our Students?

1. Introduction.

The Learning Centred ideology is in stark contrast to the social efficiency ideology. The child
is at the centre of, and has a profound influence on the curriculum process. This ideology is
associated with the educational philosophy of John Dewey. It holds that the learning centred
school should be totally different to the traditional school, and more like the Montessori and
Reggio Emilia schools. They are activity based.

Learner Centred schools are based on natural developmental growth rather than on demands
external to it. “Individuals grow and learn intellectually, socially, emotionally and physically
in their own unique and idiosyncratic ways and at their own individual rates rather than at a
uniform manner” [1, p111]. In the UK, the learner centred approach was espoused in the
Plowden report [2].

The philosophy that underpins these schools is constructivism. The schools and curriculum
are designed to produce students who are “self-activated makers of meaning, as actively self-
propelled agents of their own growth, and not as passive organisms to be filled or moulded by
agents outside themselves” [1, p115].Learning moves from the concrete to the abstract.

The idea of active and passive learning has become part of the vocabulary of higher
education, not in the sense of organizing an institution for active learning, but in the sense of
teachers organizing and managing their classrooms for student centred active learning. The
relationship between the teacher and the student is quite different to that established by
educators from either the scholar academic or social efficiency ideologies, and Cowan [3]
argues, to be preferred.

Because knowledge is created by individuals as they interact with their environment, the
objectives of a learner centred education are statements of the “experiences” the student
should have. This view brings learner centred educators into conflict with those who believe
that the objectives of an education are its measurable outcomes, which is the case with ABET
and other systems where politicians require measures of efficiency.

In addition to establishing an environment for learning the teacher has the functions of
observing and diagnosing individual needs and interests together with facilitating the growth
of the students in their care.

Learning Centred educators are opposed to the psychometric view of testing as expressed by
social efficiency educators. Standardized tests are anathema to learner centred educators. It is
assumed that children’s work is best assessed by children themselves hence the importance of
learning logs and journals. Some engineering educators are advocates of peer and self-
assessment as well as the use of portfolios [4; 5; 6; 7]. Learning Centred tutors create
communities of engagement, communities that care.

2. Communities of practice; communities that care



Smith, Smith and Felder described a learner centred one week course for eleven rising
sophister female students at Smith College who were at risk in physics and some mathematics
skills [8]. They took the view that learners construct knowledge only after they have
encountered and used knowledge in a social context (social cognitive theory). Thus, this
course established a “social context that supported collaboration, shared thinking, and risk
taking, and that facilitated various kinds of engagement with the content in ways likely to
build understand.”

Part of day one was devoted to peer teaching “when student teams took turns demonstrating
and explaining complicated potion-time and velocity-time graphs to the rest of the class.”
Peer teaching and peer review (assessment) [9] have a very long history in educational
practice, and recent research has confirmed the benefits they bring to learning [10]. On the
second day the students “decided to spend part of day finishing plotting activities from Day
1.” In another activity on the second day they were given engineering exam questions and
checked sample answers by evaluating the units and limits of the answer. The instructor
continued to model the framework by using it to evaluate answers throughout the week.” This
was based on the Expert Problem Solving Framework. On the third day which focused on
Newton’s laws “students completed a discussion-activity session that focused on addressing
misconceptions related to friction forces felt while walking and running-were used to direct
discussion.” Kinesthetic activities played an important role in the provision of hands-on
activities. A recent study obtained promising results from the use if kinesthetcs in helping
learners understand some basic principles of physics [11]

From the course description the tutors certainly acted as facilitators for a scheme that they
had designed, but within that scheme students played a major role in determining its
direction. They began to become a community of practice [12]. But there is surely a need to
become a community of care [13].

Many of my beginning teachers were enthused by the teaching experiments they had to do
but this enthusiasm was often lost because the culture of the staffroom was built around
“chalk and talk” with a view to getting students through public examinations the questions for
which could be predicted and the answers memorised. Similarly, as | reported years ago
mangers who were enthused by ideas they had learned on in-company training courses
became depressed when no one listed to their ideas when they returned to work [14]. It is
essential that such courses are followed up especially in the first year of degree programmes.

Peters and Pears remind us that in the first year students in computer science often have low
self-efficacy, a point alluded to in several studies of engineering students [15]. Women, in
particular, often perceive themselves as being less capable than males. More significantly the
first year of a programme is when students examine and search for their identity while
negotiating meaning. How they engage with the course is therefore important. Their
investigation into how students participated in an introductory computer studies course leads
to the view that courses in general need to examine how students participate in them and the
extent to which they provide experiences for participation [16]. It follows that for the full
benefits of a course like Smith, Smith and Felder described are to be realised that the same
approach would have to be continued into their main studies.

It is depressing to think that changes of this kind are often opposed because students have
been led to believe through their prior educational experience that they are not likely to learn



as well as they would in traditional settings in spite of research to the contrary [17] (private
communication from Mani Mina)

Smith, Smith and Felder’s course certainly humanized this engineering education experience
just as Schiro argues the learner centred approach did to school education.

This ideology promoted the “view that teachers are facilitators of learning, [the] introduction
of personal meaning to our vocabulary as a means of speaking about knowledge,[and]
bringing to our attention the importance of different learning styles, [the] integration of the
curricula through the use of projects...... [1, p148]. This chapter is concerned with what we
can learn about students from their learning styles and temperament. Understanding student
differences is an obligation of every teacher.

How much do we need to know about them? Engineering educators have demonstrated that a
valuable dimension of student behaviour is their learning style.

3. Learning Styles

We all have preferred ways of organizing what we see and think about, or - different styles of
conceptualisation and patterning of activities. Styles are dispositions that students bring with
them to their learning. Strategies are approaches they learn as a result of their attempts to
adapt to the learning environment more especially the assessment tasks that are set. Learning
styles have been shown to be related to learning and studying, and the teaching styles of the
instructor. Numerous learning styles have been described. Anthony Grasha has found that the
factors that contribute to learning styles can be grouped together in the five categories shown
in exhibit 12.1.

Although this chapter is primarily concerned with the use of David Kolb’s learning styles in
engineering, and the work of engineering educator Rich Felder to develop an Index of
Learning Styles [18], there are many other styles that may be considered [19].

4. Convergent and divergent thinking

Convergent and divergent thinking styles are possibly the best known thinking styles.
Although not a direct measure of creativity divergent styles and tests of divergence are
considered to give some indication of the potential that a person has to be creative. The
balance between convergence and divergence has been found to be a good indicator of
performance among a group of electrical engineering students in the UK [20]. Guilford
considered that effective thinking resulted from the sequential use of convergent and
divergent processes a point that was illustrated by engineer psychologist P. R. Whitfield
whose analysis of the engineering problem solving process is shown in exhibit 12.2 [21].

Although it is not part of the purpose of this chapter to pursue a study of creativity it should
be noted that in schools it has been found that much teaching and assessment encourages
convergent thinking. This is consistent with the findings of Perry on intellectual development
in higher education, and not without significance for engineering educators.

5. Kolb’s theory of experiential learning

Kolb’s theory of experiential learning is in the tradition of Piaget [22]. The learning of
concepts involves four processes. First, comes a specific experience that causes the learner to
want to know more about that experience (concrete experience). For that to happen the



learner has to reflect on that experience from as many viewpoints as possible (reflective
observation). From this reflection the learner draws conclusions (abstract conceptualisation)
and uses them to influence decision making or action (active documentation). The cycle
draws the learner into a form of reflective practice. The axes (exhibit 12.3) represent the
available information of abstraction contained in the experience (y-axis) and, the processing
of information through reflection or action on the conclusions drawn (Y-axes).

Kolb proposes that we each have dispositions to think in the style associated with one of
these activities, and that in any group of people one is likely to find persons with different
learning styles. Further, learning styles will differentiate groups of particular professionals
from each other. The implications for teaching are profound. Thus, a teacher who wishes to
teach a concept or principal should teach it in four different ways even though he/she has a
preference for one style. This means they will have to be cognisant of a whole range of
instructional strategies. Necessarily the learners would have to learn in each of the styles.
Kolb designed “The Learning Styles Inventory” to measure the preferred learning styles of
individuals.

| asked my graduate student teachers to test this model in their classes, and to answer the
question, “Should learning styles be matched to teaching styles?”” Many found that their
teaching style was appropriate for some pupils but not for others, and that they had to change
their teaching from whole class instruction based on their style alone [23]. They found that
designing test questions to match each style difficult. A lesson plan in mathematics that one
of them undertook is shown in exhibit 12.4.

Following my colleague Anne FitzGibbon’s explanation, [24] the four Kolb learning styles
are: (1) Divergers who like to “imagine” and generate ideas. They are emotional and relate
well to other people. They do not perform well in tests that demand single solutions.
Divergence relates to that part of the problem-solving process that identifies differences
(problems) and compares them with reality (first quadrant). (2) Assimilators (second
quadrant) are concerned with abstract concepts. They are interested in the precise and logical
development of theory rather than with its application. Assimilation relates to the solution of
problems, and the consideration of alternative solutions in the problem solving process. (3)
Convergers (third quadrant) are the opposite of divergers. They are not very emotional and
tend to prefer things to people. They do best in tests that require single solutions. They do
best in problem solving in the selection of a solution, and the evaluation of the consequences
of that solution. (4) Accommodators are the opposite of assimilators (fourth quadrant). They
like doing things and want to devise and implement experiments. They take more risk than
those with other learning styles, and excel in those situations where they must adapt
themselves to specific immediate circumstances. While being at ease with other people, they
are relatively impatient.

In McCarthy’s 4MAT model which is an adaptation of the Kolb scheme, Type 1 respondents
are divergers who ask “Why Questions.” Type 2 are assimilators who ask “What questions.”
Type 3 are convergers who ask “How questions,” and Type 4 are accommodators who ask
“What questions.” It follows that students need to learn to ask all four types of question.

Engineering educators have used both the Kolb [25], and 4 MAT approaches to design and
implement lessons [26; 27; 28] (see exhibit 12.5).



6. Felder- Solomon Index of Learning Styles

No other engineering educator has done more to promote the significance of learning styles
for engineering educators than Rich Felder. In 1988 Felder and Silverman identified 32
different learning styles, and made recommendations about teaching techniques that would
address these styles [29]. Like Grasha [30] and Heywood [31] they drew attention to the
possible disparities that could exist between student learning styles and engineering teaching
styles. They listed five questions, the answers to which would define a student’s learning
style, and five questions that would define a teacher’s learning style [exhibit 12.6].This is
somewhat different from asking teachers to respond to the Kolb Learning Styles Inventory.
Their questions were greatly influenced by the Kolb, MBTI (see below) [32] and Witkin
learning style theories [33].

The Felder and Solomon Index was developed from this research [34] and continues to be
used [35]. Individuals are categorised on a 12 point scale against four dimensions. These are:

Visual/Verbal. Contrasts those who receive information visually with those who prefer verbal
explanation.

Sequential/ Global. Contrasts those who like a step-by-step presentation of knowledge with
those who like knowledge to be “presented in a broad potentially complex manner that allows
them to fill in blanks through ah-ha moments.”

Active/reflective. Contrasts those who receive knowledge through hands-on activities while
internal reflection drives the reflective learner. In the Kolb model, the hands on learner is one
who learns through concrete experiences.

Sensing/Intuitive. Contrasts those who like factual knowledge and experimentation with those
who like theories and principles. This comes from the Jungian model developed by Myers-
Briggs.

7. Temperament and learning styles

There has been a lot of work on the relationship of personality and performance which is by
no means conclusive. In engineering there has been particular interest on Jung’s extravert and
introvert typology. Briggs and Myers designed a questionnaire to elicit the preferences that
respondents have for all the psychological types described by Jung [36]. The Myers Briggs
Type Indicator (MBTI) was promoted in engineering education by McCauley [37], and has
been widely used [38]. McCauley showed the importance of feelings and argued that people
skills were undervalued by engineering educators. Feelings have been shown to be important
among Chinese engineering students [39].

Yokomoto on the grounds that “sensing” types learn best when the material is based on
experience and proceeds step-by-step with examples and hands on activities, taught his
“sensing” students to master specific examples and then look for connections and patterns. In
contrast he taught “intuitive” students to master the mechanics in order to solve problems
quickly rather than being brought to a halt when they had grasped the problems. Other
research by Yokomoto and his colleagues affirmed his view that different types responded
better to different modes of teaching [40].



At the University of Salford the MBTI was used as a diagnostic instrument in a bridging
course (i.e. from technician courses to degree level work). Its intention was to help non-
traditional university students gain an understanding of their natural learning styles and for
them to develop effective learning strategies. Compared with traditional entry students, it was
found that the non-traditional students in this innovative course had higher levels of
extraversion and feeling. Another test showed that they tended to converge on the problem
rather than explore other possibilities [41].

The MBT]I became a test that was favoured by personnel selectors in industry for which
reason Kline (an expert in psychometrics), considered it in his analyses of tests in spite of its
perceived flaws [42]. Whatever the problems with this instrument it can lead a teacher to
reflect on the methods of instruction used.

Recently however the Five Factor Personality Inventory, known as the Big 5, has been
thought to be a better instrument than the MBTI. It has shown a group of Dutch engineers
(with a mean age of 48. 4 years) to be somewhat more extraverted than the population as a
whole, yet, paradoxically they were more autonomous and less friendly than ordinary people
which might be problematic in interpersonal relations. They would need to learn to be more
“agreeable” (agreeable/quarrelsome being one of the five factors [43]. The authors pointed
out that their findings had some similarity with a study of Chinese engineers who were found
to be more emotionally stable and conscientious than a comparison group [44]. The Big
Five’s domains are extraversion, agreeableness, conscientiousness, emotional stability and
openness [45].

It is reasonable to conclude that there is substantial evidence to show that studies of learning
styles and the temperaments of students can provide educators with insights into student
learning, as well as into their methods of instruction [46]. Do you believe students cry
“Please understand me”, as the title of the book by Kiersey and Bates asks?



Cognitive Relating to the acquisition, retention and retrieval of information.

Sensory Relating to the acquisition of information via the senses.

Interpersonal Relating to the acquisition of information within social groupings and groups, influenced
therefore by roles and role expectations, group norms, leadership and discourse (occasions of
formal and informal learning).

Intrapersonal Relating to the influence of the individual on him/herself. Needs and motives and especially
the thinking needed for self-control.

Environmental Relating to the physical environment in which we learn and the resources provided.

Exhibit 12.1 Grasha’s categorisation of the factors said to contribute to learning styles (see also exhibit 11.5). Grasha,
A (1984). The journey from Greenwich observatory (1796) to the college classroom. Improving College and University
Teaching, 32, (1), 46-53.
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Exhibit 12.2 Part of Whitfield’s illustration of the innovative (problem-solving) process (abbreviated —selected to
show the significance of convergent and divergent thinking in the process). In the original diagram the phases were
paralleled with sections for desirable personality characteristics, supporting techniques and personal development
methods. Whitfield, P. R (1975). Creativity in Industry. Harmondsworth. Pengui
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Exhibit 12.3. An adaption of Kolb’s experiential learning model based on FizGibbon, A (1987) Kolb’s experiential
learning model as a model for supervision of classroom teaching for student teachers. European Journal of Teacher
Education, 10(2), 163-178, and Stice, J. E (1987) Using Kolb’s cycle to improve student learning. Engineering

Education, 77(5), 291-296

Lesson phases

Content

Learning strategies

Imagery

Introduction

Explain to students about their
being four types of learning
style and that today’s class is
investigating that theory.

Concrete experience

(overall aims- (1) to extend
students understanding of area
(2)to introduce four different
learning and teaching styles.
Non-behavioural objectives.
(1) to introduce the concept of
Simpson’s rule

(2) to illustrate the use of
guided imagery in
mathematics.

Behavioural objectives. By
the end of the lesson the
students will be able to

(1) Describe in their own
words, what is meant by area.
(2) State the purpose of
Simpson’s rule

Guided cognitive imagery.
Students take part in this
exercise on shape: the area of
shape with irregular boundaries
(see column four)

Students participate
individually.

Speaking to entire class

Initially 5 minutes was taken to
get them to sit back and relax
using the method involving
awareness of surroundings and
self. “I then invited them to
imagine an uneven shaped
field/piece of land/ island (or
whatever came to mind). | then
asked them questions about its
colour, scent, were there any
flowers? Animals? They were
then invited to get into a
helicopter and fly all along the
outside/periphery of the field
and to examine what was
around it,- was it fenced off, an
island etc. The students were
asked to picture the boundaries
of the field and to imagine




(3) Give examples of where
Simpson’s rule can be applied
(4) Apply Simpson’s rule
mathematically.

flying the exact path of the
boundary-twisting and turning
along, inspecting every section
of the boundary”

Time was allowed throughout
to allow for thought and
imagination.

Reflective observation

Students asked to write down
what shapes they saw etc as a
result of the imagery exercise.

Discuss in groups of 2/3 what
each person experienced-.
Discuss in same groups of why
they think, in everyday life, it
would be necessary to know
the area of such shapes, and
where it would be useful.
Group opinions are written
down on an OHP

Accommodators and divergers
should benefit from group
work.

Converger’s should gain from
written exercise.

Abstract
conceptualisation

Draw shape with irregular
boundary on board-divide into
strips of equal width and assign
y, etc to lengths-give formula
for Simpson’s rule-explain
basis of formula-Give easy
method for remembering
formula-sample problems
solved on board and then by
individuals

Students work individually and

are given time to ask questions.

Should appeal to convergers.

Active experimentation

Students asked to recall the
shape they pictured in the
imagery exercise. Each asked
to make that shape with a piece
of cardboard- Students asked to
predict area of the shape it
most resembles-then divide
them into strips and apply
Simpson’s rule — compare the
result with the estimate (ensure
all using correct units of
measurement)

Students work individually on
making own model and
applying Simpson’s rule.

Expect assimilators to gain
most.

Conclusion

Reinforcement of lesson using
questions to test behavioural
objectives. Collect written
descriptions and cardboards
shapes.

Questioning.

Exhibit 12.4. A mathematics lesson for 15 — 16 year old students (girls) by a graduate student teacher. (Edited to show
imagery exercise and objectives). (From Heywood, J (2008). Instructional and Curriculum Leadership. Toward Inquiry
Oriented Schools. Dublin, Original Writing for National Association of Principals and Deputies).



What If? Why?

Open ended problems. Motivational theories
Design projects. Role class discussion. Thought
Playing Open ended labs| questions, field trips, case
Classroom discussion of | studies. Rhetorical questions.
“What if” questions. Interacting lectures.

Team problem solving. Role playing

< How? >

What?
Homework problems, .
X . Formal lectures, independent
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. research. Problem solving by
problem solving by

i r. Tex k readin
student board, instructor. Text book reading

. ) assignments. Obiective
Computer simulation, 5 4

: examinations. Example
student presentations.
X . problems from textbog
projects, case studies
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Exhibit 12.5. Todds, adaptation of Svinicki and Dixon’s of the Kolb model to teaching showing the 4-Mat questions
(Todd, R. H (1991). (Teaching an introductory course in manufacturing processes. Engineering Education, 81(5), 484-
485. See also Svinicki, M. D and N. M. Dixon (1987). The Kolb model modified for classroom activities. College
Teaching, 35(4), 141-146).



Questions, the answers to which help define student
learning and teacher styles
Questions to students. Questions to teachers.

1. What type of information does the student 1. What type of information is emphasized by the
preferentially perceive; sensory (external)-sights, instructor: concrete-factual, or abstract-
sounds, physical-possibilities, insights, hunches? conceptual, sensations, or intuitive (internal)

theoretical?

2. Through which sensory channel is external 2. What mode of presentation is stressed: visual-
information most effectively perceived: visual- pictures, diagrams, films, demonstrations, or
pictures, diagrams, graphs, demonstrations, or verbal lectures, readings, discussions?
auditory-words, sounds?

3. With which organization of information is the 3. How is the presentation organized: inductively-
student most comfortable: inductive-facts and phenomena leading to principles, or deductively-
observations are given, underlying principles are principles leading to phenomena.
inferred, or deductive- principles are given,
consequences and applications are deduced?

4. How does the student prefer to process 4. What mode of student participation is facilitated
information; actively or discussion, or by the presentation: active-students talk, move,
reflectively through introspection? reflect, or passive students watch and listen?

5. How does the student progress toward 5. What type of perspective is provided on the
understanding: sequentially in continual steps, or information presented: sequential- step by step
globally in large jumps (holistically)? progression (the trees), or global context and

relevance (the forest)?

Exhibit 12.6. Questions to assist in the identification of learning styles. Felder, R. M and L. K. Silverman (1988).
Learning and teaching styles in engineering education. Engineering Education, 78, 674-681 (Reproduced by kind
permission of R. M. Felder).
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“In order to answer the question, “can learning styles help us to better understand our
students?” we asked our post-graduate student teachers to familiarise themselves with Kolb’
theory through lectures and papers by Grasha, and Svinicki and Dixon (i). They were asked
to devise a lesson plan that would take the pupils through each quadrant of the cycle. In order
for them to devise a test it was suggested that rather than teach a concept in different ways in
the four phases of the learning cycle they should advance the lesson through the stages of the
cycle. In that way they would be able to test each quadrant. They would also be able to get
some idea if there was a correlation between style and performance in the different quadrants
(i.e. do the divergers do best in the in the divergent part of the test, the assimilators in the
assimilator part of the test and so forth). A week after the lesson was completed the test was
to be set. These graduate student teachers were then given additional literature to discuss the
question- “should learning styles be matched to teaching styles (their response to take into
account their own learning styles as assessed in another part of their training programme?).
To achieve these goals the students had to administer the Learning Styles Inventory to their
students. In addition to the reports many of the student voluntarily completed a questionnaire
designed to elicit their opinions about certain dimensions of the exercise, and simplify the
analysis of the reports” (ii).

In the text data from two groups of student teachers separated by 5 years was presented, and
it was reported that the comments and responses covered the same areas in the two years.
Moreover, the examples in the text taken from one of the intervening years support those
conclusions. It is of some significance that the first group used the Kolb inventory whereas
the second group assigned their own descriptions to their pupils on the basis of the literature
which at that time also included the Honey and Mumford Inventory (iii). (We had had to give
up the Kolb Inventory because of cost in favour of the much cheaper Honey and Mumford
model)

It is reported (pages 224-227) that “most of the students tried to design a lesson in which they
could cover the whole of the cycle but there were a few who took two lessons, and one or
two who took three or four, each lesson being devoted to one style. One of the latter is shown
in exhibit 12.7[...]. It should be noted that half of the student teachers found it difficult to



cover the cycle in a single lesson. No reason was found to suggest that the cycle should not
take more than one lesson.”

Concerning the question of point of entry into the cycle, “one or two of the students started at
different points such as beginning with a theory. Cowan’s supports an approach that allows
entry at other appropriate points- that is, appropriate to the objectives to be achieved” [3].

Paula Carroll who designed the lesson plan shown in exhibit 12.7 reported an overall
improvement of 8% between pre and post-test scores. In a graded public examination system
this is a matter of a difference of a grade. While the material was not totally new to the
students, Carroll was of the opinion that this was no bad thing because repetition does not
mean assimilation, and the lesson may have helped assimilation. However, she had set a test
at the end of each lesson and had expected there to be an improvement in scores as between
the first and the last tests. But that had not happened. She put this down to the fact that test 1
was easier than the other tests. She felt that it was notoriously difficult for a novice to design
4 tests of equal validity” (p224). I think many experienced teachers would have the same
difficulty.

Carroll like many other of the graduate student teachers raised the question of the validity of
the Kolb Inventory especially when used with younger children (12-13 years of age). Many
of these student teachers had to explain some of the items/word in the inventory. “One
student teacher who questioned the validity of the inventory administered it twice to her
students with a space between. One third of the twenty one tested changed their styles.
Inspection of the results suggests that there was a general movement toward the centre of the
axes” which was not accounted for her in her comments. But when she came to evaluate her
work, she concluded that although there was no evidence to support the view that students
learn best in the phase which corresponds to their own learning style, nevertheless teaching a
lesson that passes through the Kolb cycle improves learning. This was also the view that
Carroll took. She made the point that while students might enter the school as concrete
thinkers, they might leave secondary education as convergers. This suggests that the type of
instruction might influence the styles of some of the students” a point that has been made
about convergent and divergent thinking (see above). Carroll also found that while there was
no relation between learning style and the phase in which best score was achieved there was a
relation between learning style and preferred phase of lesson.

These case studies illustrate the use of inventories as “operators” regardless of what they
actually measure. They separate pupils into groups against which the student teacher can
reflect on their own teaching and their understanding of their pupils.

(i) Svinicki, M. D. and N. M. Dixon (1987). The Kolb model modified for classroom
activities. College Teaching, 35(4), 141-146.

(if) FitzGibbon, A., Heywood, J., and L. A. Cameron (1991). Matching Teaching Styles to
Learning Styles. Monographs of the Department of Teacher Education. No 1/91.University of
Dublin.

(iii) Honey, P. and A. Mumford (1992). The Manual of Learning Styles. Maidenhead. Peter
Honey.

They call their styles — Activists, reflectors, theorists and pragmatists



Lesson phases content Learning strategies
Introduction ( Day 1. 1 class period)
(1) Students are reminded of Expository.
Learning Styles Inventory
rationale has been explained)
and told they are to have a
lesson divided into 4 parts
based on LS with a short test
after each part.
(2) (2) Students divided into 5
groups and told each group will
interview the 5 German
exchange students present in (3).Questions prepared are
the school. based on topics in the course
(3) Groups prepare in German (e.g. age, hobbies, school etc. (3). Brainstorming. Some
batteries of questions to ask. Students are focussed on on 1% guidance from teacher mainly
and 2" person singular verb grammar in question
forms. presentation.
Phase 1. Concrete experience (Day 2. 1
class period). . .
(1) The 5 German students are @) guestlons prepadrec\j/\7hbove n
interviewed, one at a time, by erman are used. Yvnen (1) Group Work (Normal
exhausted the students switch to -
each group- such that the group - - interference from teacher)
. > - English to ask anything of
carries out 5 interviews, one interest to them
with each German student. '
(2) Students write down
information about each German
student.
(3) tSetsut(.jents then given a short verb (3) Individual written work.
Phase 2. Reflective observation (Day 3 ¥4
of double class period)
(1) Discussion/reflection on what (1) Some leading questions from
students learnt in the interviews the teacher in order to direct (1) Brainstorming. Large group
(in English) discussion: *what did you learn discussion. Guided discovery
about the German when focussing on verbs.
students/anything unusual?
*What did you find out about
Germany?
*Did meeting the people make
you interested in the place?
*What verbs are you using? In
what way did you use them?
Focus on verb form+ pronoun
for 2" person singular.
*What verbs did the Germans
use in answering? The same
ones? How did they use them?
(focus on verb form+ pronoun
for 1% person singular)
(2) Short verb test given. Same format as (2) See test after phase 2. (2) Individual work.
for phase 1.
Phase 3. Abstract Conceptualization
rd
(day 3. 1/3" Class). . . . (1) See sheet for phase 3 in (1) Guided discovery: individual or
(1) Students give written script of .
p : 1 ast ond ord attached samples of student pair work (Students choose how
an interview with 1 2, 3 work. On it are instructions they want to work)
person singular verb forms on L ; .
it which guide students in their
(2) They study it and try to work attempt to work out rules
out rules governing use of verb.
(3) Short verb test given. Same
format as in other phases.
Phase 4. Active experimentation (Day 3.
1/3 of the class).
(1) Students write up report on one (1) Here 3 person singular is used (1) Individual written work.

of the Germans they
interviewed.

(2) Short verb test given. Same
format as in other phases.

Conclusion. (Day 3. Final 10 minutes of
double class)

(1) Individual written work.




(1) Students asked to reflect on (2) Individual written work.
lesson.
(2) Give questionnaires on how
they felt about the lesson.
Exhibit 12.7. A Student teachers lesson plan for teaching German verbs using the Kolb Cycle.
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X1l

Intelligence
1. 1Q and its Impact

While it may be incumbent on a teacher to have a working view of “intelligence” it is
inevitable that most of us will have a theory of intelligence. At one end of the spectrum we
may believe that it is innate and genetically conditioned, while at the other end of the
spectrum, we may believe that it is a pattern of nurture that is handed down. Not only do our
views have a bearing on whom we select for engineering education and subsequently jobs,
but how we teach. Linked to our views about intelligence are views about competency, who
is competent and how to train for competence.

Nothing is guaranteed to stir the populace more than the findings of intelligence tests reported
as a person’s IQ (Intelligence Quotient), particularly if they appear to relate to us and our life
chances. In the United States a book called “The Bell Curve” published by Hernstein and
Murray in 1994 caused a furore [1]. Twenty two years later, the result of the American
Presidential election in 2016 caused some heads to wonder if its prediction that a cognitive
élite would be created, who would work in jobs that keep them away from run-of-the-mill
workers, had come true. Similarly, “Does Michael Young’s 1958 satire on the English
tripartite system of education, “The Rise of the Meritocracy”, widely discussed in the US and
the UK at the time, now have an element of truth about it?” [2: 3; 4; 5].

In England a tripartite system of education that selected children at age 11, by means of
examinations commonly regarded as intelligence tests [6], into one of three types of school,
was more or less replaced by non-selective comprehensive schools in the 1970’s. But,
selection for the 160 high status grammar schools that remained continued. A current
proposal (April 2017) from the conservative government to increase the number of grammar
school places, in order, so it believes, to increase social mobility, is the cause of a great
furore.

This debate in the U.K. has its origins in a fundamental principle stated in the 1943 Norwood
Committee report to the effect, “that the evolution of education has in fact thrown up certain
groups, each which must be treated in a way appropriate to itself” [7]. Thus, the English
education system had recognized a group of students “interested in learning for its own sake.
Its technical education showed that it was important to recognize the needs of the pupil
whose interests and abilities lie markedly in the field of applied science and applied art.”
Finally, there was a group “who deal more easily with concrete things than with ideas.” To
accommaodate these groups, three types of schooling would be required. Grammar schools,
technical schools and secondary modern schools. Students would be selected to these schools
by means of tests.

Those with the highest scores would be admitted to the grammar schools as a function of the
limited number of places available. It was expected that those students would remain in
school until they were eighteen, and that many of them would go to university.

There were never enough technical schools to provide for a real tripartite system, so those
who did not get into the grammar schools, the majority, went to secondary modern schools



which provided an education up to 15+, the age at which compulsory education ceased, for
the majority of pupils. The writer of the Wikipedia entry is blunt: The secondary moderns
“would train pupils in practical skills aimed at equipping them for less skilled jobs and home
management” [8].

This structure had an effect on the image of engineering since students wanting to pursue
engineering were held to belong among those suited to technical education. Engineering was
clearly thought to be a craft [9]. Thus the academic-vocational divide persisted.

Supporting the idea of selection by tests was the strong belief in the value and accuracy of
psychometric testing.

2. Psychometric testing

In 1904 a British psychologist Charles Spearman (after whom a coefficient of correlation is
named) found that children’s scores on tests in different academic subjects were positively
correlated. From this data he deduced that each child possessed a general mental ability
which he called “g”.

Subsequently, there was a search for the mental abilities that made up ‘g in both the US and
the UK. In 1938 in the United States Louis Leon Thurstone suggested that there were seven
such abilities [10]. In the UK Philip Vernon using factor analysis proposed a hierarchical
(tree) model at the apex of which was ‘g’ [11]. It was supported by two major group factors
(v.ed) verbal/educational, and (k-m) practical-spatial-mechanical abilities which it might be
supposed are important for engineering [12]. Vernon’s group factors were supported by
numerous smaller specific skills (exhibit 13.1).

In the United States analysis of the Wechsler Adult Intelligence Test (WAIS-I11) also
showed a hierarchy among the 13 tests [13]. Later in 1993 John Carroll reported on a meta-
study of some 400 data sets which suggested that there were eight types of mental ability
similar to the group factors [14].

Deary writes, “Something like John Carroll’s three stratum model almost always appears
from a collection of mental tests. A general factor emerges that accounts for about half of the
individual differences among the scores for a group of people, and there are group factors that
are narrower abilities, and then very specific factors below that.” He goes on to say, “We can
nowadays describe the structure of mental test performance quite reliably, but this is not
proven to represent a model of the organization and compartments of the human brain [15].

Tests of general mental ability are found to be relatively good predictors of job performance.
Deary writes “No it will not predict all that strongly how well people do a job. Yes, you will
hire people who are hopeless and with whom you can’t get on. But on the whole you’d be
better off including a general mental ability test in your portfolio of selection methods™ [14],
which is a reminder that multiple methods of assessment are to be preferred to a unitary
instrument.



3. Controversies

While Intelligence tests have proved to be relatively good predictors of academic potential
and work performance they have nevertheless generated controversies, of which two are
relevant to this discussion.

The first controversy, the idea that intelligence is a single entity, (the psychometric view), is
challenged by those who think that intelligence is multi-faceted. Probably the best known
promoter of this view is Howard Gardner whose 1983 book “Frames of Mind. The Theory of
Multiple Intelligences” became popular reading [15]. It was very attractive to primary
(elementary) school teachers because the curriculum could be designed to develop the seven
“contents.” This issue will be discussed in more detail in chapter 15

The second controversy, relates directly to the learner centred and social reconstruction
ideologies for at the extreme end of the spectrum is the view that intelligence is inherited. It is
part of our nature, and this thinking carries with it the fear that its logic might lead to
eugenics. Lewis M. Terman who developed the Binet test in America (the Stanford-Binet
Intelligence Scales [16]) said in 1917 that “If we would preserve our State for a class of
people worthy to possess it we must prevent, as far as possible the propagation of mental
degenerates.” A view that is not shared by very many psychologists today. The learner
centred and social reconstruction ideologies take the opposite view. But the nature/nurture
debate also has a bearing on how we think about competency.

The next chapter will discuss the nature-nurture controversy and its bearing on competency.
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Exhibit 13.1 Hierchical Structure of human Abilities
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usage to Hebb’s Intelligence A and B, namely Intelligence C which stands for the score or IQ
obtained from a particular test” (i).

(1) Vernon, P. E. (1979). Intelligence, Heredity and Environment. San Fransisco, W. H.
Freeman.and cited by http://www.inteltheory.com retrieved April 151" 2017.

[12] MacFarlane Smith, 1. (1964). Spatial Ability. London, University of London Press.

The first psychologist to high light the relevance of spatial ability to engineering design
seems to have been MacFarlane Smith. In 1964 he related it to the perceived shortage of
engineers in the UK to the failure of schools to develop skills in Vernon’s (k-m) group. The
neglect of spatial ability was the reason why many able students were not interested in
science of technology. He also argued that mathematical ability was different to numerical
ability and depended on spatial ability. In terms of the cognitive science available at the time
it was held that one side of the brain (left) was neglected at the expense of the other (right).
The relevance of spatial ability and visualization to engineering design should be self-evident

(i).

(i) See for example Chapter 5.4 of Heywood, J. (2005). Engineering Education. Research
and Development in Curriculum and Instruction. Hoboken, NJ., IEEE Press/Wiley.

Snyder,M. E and M. Spenker. (2014). Assessment of students’ changed spatial ability using
two different curriculum approaches: technical drawing compared with innovative product
design. Proceedings Annual Conference of American Society for Engineering Education.
Paper 9841.June.

Sorby, P., Casey, P., Veurink and A. Delane. (2012). The role of spatial training in
improving spatial and calculus performance in engineering students. Learning and Individual
Differences, 26, 20-29.

[13] Wechsler, D. (1997) Manual for the Wechsler Adult Intelligence Scale-111. New York,
Psychological Corporation.

WAIS-111 is described and its hierarchy mapped in Deary ref 15. The 13 tests are vocabulary,
similarities, information, comprehension, picture completion, block design, picture
arrangement, matrix reasoning, arithmetic, digit span, letter-numbering sequencing, digit-
symbol coding, and symbol search.

[14] Carroll, J. (1993).Human Cognitive Abilities. A Survey of Factor Analytic Studies.
Cambridge, Cambridge University Press.

The eight 2" tier factors are Broad visual perception, Broad Auditory perception, Broad
retrieval ability, Broad cognitive speediness, Processing speed, General memory learning,
Crystalized intelligence and Fluid intelligence.

The idea of Crystalized and Fluid intelligence comes from Raymond Cattell’s theory of
intelligence (i). He had come to the conclusion that there might be two factors instead of one.
He called them “fluid” and “crystallised” intelligence. Kline (ii) reports that these two factors
are the largest of the second-order factors, and account for much of the variance in tests of
ability. Fluid intelligence is a basic reasoning ability which reflects the flow of information


http://www.inteltheory.com/

for the brain. Tests for fluid intelligence require the mental manipulation of abstract symbols
Crystallised intelligence reflects the culture in which we live. Tests for crystallised
intelligence contain vocabulary, general information and reading comprehension.

(i) Cattell, R. B. (1987). Intelligence. Structure Growth and Action. Amsterdam, Elsevier.

(i) Kline, P (1993). Handbook of Psychological Testing. Londo,. Routledge (2" edition
published in 2000)

[15] Deary, 1. J (2001). Intelligence. A Very Short Introduction. Oxford, Oxford University
Press.
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X1V

Two Views of Competency

3. Nature v Nurture; Nature and Nurture

Shortly after Spearman had suggested “g” Cyril Burt reported in 1909 that, in the UK, upper
class children at private schools did better than those in state elementary schools (lower
classes). He became convinced that the children from the lower classes required a different
education to those with higher levels of intelligence, and that selection to schools using
intelligence tests should be the norm. As we have seen his views had an enormous effect on
the organization of schooling in England and Wales. Coupled with this view he believed that
intelligence is innate and cannot be altered very much by schooling. Since then there has been
much research and debate about the extent to which the environment contributes to the
development of intelligence. Clearly this has implications for the curriculum and instruction
as well as the organization of schooling.

The finding that Intelligence correlates with social class caused questions to be asked about
the fundamental nature of “intelligence” on which selection to schooling was based [1]. The
tests that were used were criticised because a student could be coached to pass them. In
England parents not only pay for their children to be coached so that they will get into the
nearest of the remaining grammar schools, but they move their homes so as to be in the
catchment area of a grammar school, or a good comprehensive school.

A quite serious objection made against testing is that children should not experience “failure”
at such an early age. Numerous children, it is argued are socially deprived. The key question
has become, “What organizational structure of schooling will provide for all children to have
an equal opportunity of success? For many people in England that answer lies in
comprehensive schools. The position we take on the nature-nurture debate has an important
bearing on what we mean by “equal opportunity.”

There have been equally ferocious debates in the United States about heritability and social
deprivation particularly in the inner cities [2].

Clearly it is in every ones interest to establish the extent to which intelligence is heritable. P.
E. Vernon came to the conclusion that 60% of the variance in intellectual ability was
attributable to genetic contributions [3]. In the radio programme noted in chapter XIII ref 3,
Robert Plomin suggested that the level was around 50%. He has shown that genetic factors
can mediate associations between environmental measures and developmental outcomes. He
has argued that we should think about “Nature and Nurture” not “Nature versus Nurture”, and
that is probably how we should come to think of “inside” and “outside” competencies [4].



2. Inside and outside competencies

Just as engineering educators should have a view about intelligence so they should have a
view about competence.

The intention here is not to discuss relationships between competency and intelligence but to
draw attention to the fact that there exists among the professions, as for example medicine, a
debate about whether competency is something innate that can be affected by instruction, or
something that is context dependent. Just as | mostly ignored discussion of the meaning of
intelligence in the previous paragraphs, so | intend to ignore discussion of the meaning of
competency, about which there is a similar debate. My intention is to draw attention to the
key issue that should influence debates about whether or not individuals should be trained to
be immediately useful in industry on completion of their education.

Griffin [5] points out that the “inside” view of competency is deeply embedded in the
Western psyche. The psychological concepts associated with this model arise from a deeply
entrenched cultural model of intelligence [6] which make it difficult for those that hold it to
change their attitudes towards teaching and assessment [7]. Griffin writes, “Machine
metaphors, common in western conceptions of the mind and thinking, also define what is
involved in being a competent person. In many European and American cultural contexts, the
person is represented and realized as a separate bounded, autonomous entity, that is, an
individual. Individual actions result from the attributes of the person that are activated and,
then cause behaviour. Accordingly competence is’ located in the individual.” Individual
actions result from the attributes of the personal that are activated and then, cause behaviour.
Accordingly competence is located “in” the individual, “in” the mind, “in” the brain.” It
follows that competencies can be taught. It is a view that can be traced back to the ancient
Greeks, and those who hold it, probably also hold to the scholar academic ideology.

Griffin argues that inside theories of competence produce inside models of assessment with
emphasis on performance rather than competence per se. The implications for the curriculum
and instruction are profound. The debate may be illustrated by reference to issues
surrounding the concept of “cultural competence” (8). Engineers are now expected to be
culturally competent, but what does that mean? Does it mean the possession of knowledge
that will enable a student to answer survey questions such as “people in the U.S. and India
would define an engineering problem similarly?” (9) If so, does it imply that this knowledge
adequately prepares a student to work in India, or is that an impossible task? To put it in
another way, should industry allow that a person moving to a new culture should be allowed
time to become embedded in its engineering culture?

It also follows, that provided you know what competencies industry requires, as for example
the ability to communicate, you teach people how to communicate. But that only holds if
there is an understanding of what communication entails. Trevelyan argues that engineering
educators don’t have that understanding because they do not understand the context
(environment) in which communication takes place [10].

Trevelyan’s work is supported by other studies of engineers at work. For example, in a study
of engineers at a VVolvo plant in Sweden Sandberg found that how an individual demonstrates
competence at work depends on how that individual perceives the task to be accomplished
[11]. Competence is possessed at different levels depending on how individuals view the



task. Therefore, before training needs can be identified the task has to be done, observed and
analysed. Sandberg’s finding suggests that training should become more person (learner)
centred. But the more important point is that competence develops within the industrial
context as a function of the interaction between the task and the individual.

Blandin in another study found that the core competence at work which he called “acting like
an engineer” took a long time to develop. It could not be developed without experience in the
company [12]. Blandin argued that there were three other levels at which competence
functions that need to be understood. These are at the level of the individual, at the level of
the group in which an individual works, and at the level of the organization in which the
individual works.

These findings challenge the notion that a university can prepare a student to be immediately
available for work. The student will have to learn at work. It needs to be remembered that
learning is continuous, and that organizations can enhance or impede that learning [13; 14].
There do not seem to be many attempts to provide students with learning how to learn
courses, or by course tutors, although at least one report shows how such a course can help
with the transition from high school to college [15]. That said, note needs to be taken of
bridging courses that seek resolve this particular industry skills gap. They need to take into
account how people develop and acquire competence. Clearly project management cannot be
learnt except as a project manager, but can a university prepare a person for project
management? In this respect the work of the Midwest Coalition for Comprehensive Design
Education is of considerable interest [16]. At the same time there is evidently more need for
studies of the kind undertaken by Blandin and Sandberg.

Whether industry likes it or not, it necessarily has a role in the development of competence,
and it is from that position that discussion about the engineering curriculum should begin.
That is, the curriculum should be perceived in terms of intellectual and personal development
that continues throughout life. And, that places considerable responsibility on industry for the
development of the individual which most organizations do not seem to accept.
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XV
From 1Q to Emotional 1Q

1. Introduction

In 1983 Howard Gardener proposed a theory of multiple intelligences in which he suggested
that instead of one intelligence there were many. He defined intelligence as “the ability to
solve problems, or to create products, that are valued within one or more cultural settings.”
This allowed for the cultural element that had been a problem for the testing movement. They
had wanted to develop tests that were culture free. He wrote, “genius (and, a fortiori,
ordinary performance) is likely to be specific to particular contents that human beings have
evolved to exhibit several intelligences and not to draw variously on one flexible
intelligence” [1]. He listed the seven contents or intelligences shown in exhibit 15. 1.

Since Gardener believes that these intelligences relate to particular parts of the brain it is
more than probable that developments in neuro-science will either validate or invalidate his
theory. In the meantime many individuals will find it an attractive explanation of intelligence,
and if not intelligence “talent,” and that raises the question, “Is engineering a content or a
talent?”

Two years later Robert Sternberg published “Beyond 1Q; A Triarchic Theory of Intelligence”
in which like Gardener he argued that there was more to intelligence than academic
intelligence as measured by the psychometricians [2]. His information processing approach
sought to understand the mental processes undergone by the respondent in answering
questions, the speed and accuracy with which they are carried out, and the types of mental
representations of information these processes act upon.

Intelligence has to take into account the experience that a person has for we learn from
experience how to adapt to the particular environment we find ourselves in. Thus in
Sternberg’s view, intelligent behaviour is a “mental activity directed toward purposive
adaptation to, and selection and shaping of real world environments relevant to one’s life.”
Sternberg calls the intelligence we use in real world encounters “practical intelligence.” [3].
He also believes that intelligence can be taught [4].

Without delving into the theory any further it seems evident that intelligent behaviour as
described by Sternberg is related to the effective management of oneself and others, as well
as to professional competence. The skills in the first component of this three component
theory shown in exhibit 15. 2 (panel a) illustrate this point. It is likely, therefore that there
will be good agreement between implicit theories of intelligence held by the public, and
implicit theories of the competencies that contribute to professional performance.

This chapter, therefore, begins with an examination of what lay people and specialists
perceive intelligence to be. It is contrasted with what managers in a variety of occupations
expect from graduates they wish to recruit. The skill lists that emerge are remarkably similar
from which | conclude that many of us have mental models of intelligent behaviour that
extend beyond that which is measured by intelligence tests.



2. Implicit theories of intelligence, formal and unintended but supportive

En-route to the development of his triarchic theory of intelligence in a formal study,
Sternberg and his colleagues interviewed nearly 500 lay people from a range of occupations
together with 140 researchers who specialised in intelligence for their views about
intelligence [5]. The respondents were asked what they thought were the characteristics of
“intelligence”, “academic intelligence”, “everyday intelligence” and “unintelligence”. Two
hundred a fifty behaviours were recorded of which 170 were defined as characteristics of
intelligence. These were then rated by a small group of people, and the ratings factor
analysed. Three factors accounted for nearly 50% of the variance. These are shown together

with associated descriptions in exhibit 15.3

There were two main differences between the experts and the lay people. The experts thought
that motivation was an important component of academic intelligence whereas the lay people
placed much greater stress on the sociocultural aspects of human behaviour, that is,
interpersonal competence in a social context. Clearly this profile extends the notion of
intelligence discussed in the previous chapter. It also fits with the mental notions with which
persons such as personnel (HR) managers use to select people for work.

In the UK one unintended but supportive study analysed 10, 000 advertisements for graduates
to see what skills employers sought [6]. 59% contained explicit reference to personal skills
required for performance on the job. Of the remainder a further 15% could be inferred to
require such characteristics. Of the 32 significant characteristics that were isolated 20 were
considered to be genuine transferable skills (see exhibit 15.4). These collated into the four
generic categories of communication; teamwork; problem solving (creativity); and,
management and organizing as shown in exhibit 15.5.

This study which was undertaken by the University of Sheffield’s Personal Transferable
Skills Unit contributed to the UK Government’s Employment Department’s (equivalent US
Department of Labor) Enterprise in Higher Education Initiative. Its assessment committee
listed the four broad areas of learning that are required to equip students for their working
lives shown in exhibit 15.6 [7] There are remarkable similarities between these unintended
studies (that is of intelligence) and the Sternberg outcomes. In this respect the significance of
studies of what people do at work and how they do it should be apparent [8; 9].

In a more recent publication Sternberg, Kaufman and Grigorenko have suggested that the list
of skills in exhibit 15.3 can be used as a behavioural check list [10]. They suggest you can
rate yourself on a scale of 1(low) to 9 (high) and judge the extent to which each of these
behaviours characterizes your typical performance. They suggest that higher ratings are
associated with better performance. The same can be done with the lists that emerge from the
unintended studies.

More than that The Sheffield Unit showed how different methods of instruction and learning
might achieve the development of the different skills (see exhibit 15.7). Four active learning
situations were compared for the opportunities they afforded for skill development. These
were personal tutorials, seminars, project work, and personal profile analysis. The Sheffield
unit’s staff helped to promote these skills in the learning situations specified in the cells.
Workshops and training sessions were also provided. For example, in Medical General
Practice tutors identified the skills that were inculcated during small group tutorial work, and



they reviewed the extent to which these were made explicit to their students as valuable
learning outcomes of their course. In this respect the form of assessment devised by Freeman
and Byrne for the assessment of medical students in post-graduate courses in general practice
cuts across both cognitive and affective domains [11].

It is clear from the Sheffield analysis that student-led seminars and team projects offer greater
scope for skill development than those situations where students work individually with a
tutor. This raises the question, “Do engineering educators make the most of the opportunities
that are available for personal skill development, and should they? An attempt will be made
to answer this question in the section on emotional intelligence.

Some years earlier Weston and Cranton had related instructional methods to the cognitive,
affective and psychomotor domains as shown in exhibit 15.8 [12]. But this was in 1986. An
updated version would include such things as cooperative learning, debates, and assessment
method. Both Sternberg and his colleagues and the Sheffield unit recognized the importance
of being able to decode non-verbal cues (behaviour).

These studies suggest that something more than the development of academic intelligence is
required from the curriculum in Higher Education and Engineering in particular which, while
returning us to the position occupied by such specialists in intelligence as Sternberg and
Gardener, brings us to the problem of emotional intelligence.

3. Emotional intelligence

We have also learnt that we need to be able to govern (control) our emotions, and the ability
to do this is sometimes called emotional (or social) intelligence. Goleman’s (1995) published
a book on emotional intelligence was an immediate best seller [13]. In it he asked, “What
factors are at play, for example, when people of high 1Q flounder and those of modest 1Q do
surprisingly well?” He went on to argue, “That the difference quite often lies in the abilities
called here emotional intelligence which includes self-control, zeal and persistence and the
ability to motivate oneself. And these skills [...] can be taught to children giving them a
better chance to use whatever intellectual potential the genetic lottery may have given them.”

The subjects of emotional and social intelligence have been studied during most of the last
century, irrespective of whether they are the same construct or different constructs. Taken
together, they may be considered as ways of “understanding individual personality and social
behaviour” [14]. There are non-traditional intelligences such as “practical intelligence” that
seem to overlap with them. Hedlund and Sternberg have been concerned to establish if they
are overlapping constructs [15]. But, although Sternberg has been involved in the debates
about emotional intelligence [16] he does not mention them in either of his books on
“Applied Intelligence” or “Wisdom, Intelligence, Creativity and Success” except for brief
references to emotional reasoning.

Inventories have been developed to measure emotional intelligence. Bar-On’s [16] has been
considered by some experts to be both a personality construct and a mental ability [17]. It is
for this reason that much research that has been done has been within the framework of
traditional thinking about personality and intelligence, and about the cognitive and affective
domains of educational thinking.



When Culver [18], argued that promoting emotional intelligence would be necessary if a
successful engineering programme is to be achieved, he cited the list of components that
make up emotional intelligence from the “Self-Science curriculum used in Nueva School,
California [19], and shown in exhibit 15.9 It might be objected that the Nueva skills are not a
distinct social or emotional intelligence but rather a set of personality traits, in which case
they are better called personal transferable skills as the Sheffield unit did.

One way of looking at emotional intelligence is to consider it to be the interplay between the
cognitive and affective domains in the conduct of living, if you accept that is, that living is
problem solving and critical thinking in contexts that always have some emotional context.
But, as Hedlund and Sternberg [20] pointed out, the competencies required to solve problems
will be a function of the type of problem to be solved, and we might add, therefore
individuals need to have a wide range of personal transferable skills. In Sternberg’s terms
they need to have “practical intelligence.”

4. Practical Intelligence

Sternberg and his colleagues included within the domain of practical intelligence, practical
problem solving, pragmatic intelligence and everyday intelligence

“Practical intelligence involves a number of skills as applied to the shaping of and selection
of environments” (which Sternberg argued is what intelligent people do). “These skills
include among others (1) recognizing problems, (2) defining problems, (3) allocating
resources to solving problems, (4) mentally representing problems, (5) formulating strategies
for solving problems, and (7) evaluating solutions to problems” [21].

Hedlund and Sternberg considered that what differentiates emotional from social and
practical knowledge is “tacit knowledge.” That is, the knowledge that is not taught, but
acquired as part of everyday living. As Michael Polyani who identified this category of
knowledge put it “We know more than we can tell” [22]. The idea is vividly captured in
Yorkshire dialect by the term “nouse!” [23] This knowledge is acquired from managing one’s
self, managing tasks, and managing others. It is as Trevelyan has shown of major importance
in the practice of engineering [24].

A key skill in the development of tacit knowledge is self-reflection yet the Sheffield study
found that engineering students do not like to self-reflect. “They were not used to talking in
terms of feelings, nor could they see the relevance of such reflection to learning about
engineering problems.” Whether or not one should talk about one’s feelings has become a
matter of debate in the UK since Prince Harry revealed the personal difficulties that arose
from the death of his mother this year [25]

“The ability to acquire knowledge, whether it pertains to managing one’s self, managing
others, or managing tasks can be characterized appropriately as an aspect of intelligence. It
requires aspects such as encoding essential information from the environment and
recognizing associations between new information and existing knowledge. The decision to
call this aspect of intelligence social, emotional, or practical intelligence will depend on one’s
perspective and one’s purpose” [26].

It seems to me that any interaction between individuals involves a degree of emotional
contact, sometimes highly charged, that has to be controlled, and that we might better control



ourselves and situations if we better understand ourselves and others. That dimension is
missing from Sternberg’s discussion, but necessarily implied, if not recognized. Similarly, the
engineering curriculum pays precious little attention to this dimension even when it teaches
communication. It is not sufficient to rely on tacit knowledge because the judgments we
make about others can often turn out to be wrong. A teacher is helped if they identify the
cognitive-emotional states of their students.

In this respect in 2002 Koort and Reilly of the media labs at MIT argued that the ability to be
able to identify a learner’s cognitive emotional state should enable teachers to provide more
efficient and pleasurable learning experiences [27]. They believed that teachers could do this
by observing facial expressions, gross body language, and the tone and content of speech.
Some teachers make such judgments automatically, but others are insensitive to such
situations. Those who are sensitive to them may not know what to do about them in
classroom situations. For this reason and for the purpose of training Koort and Reilly offered
a four quadrant model that related learning to the emotions. It is shown in exhibit 15.10.
“Similarities” with the Kolb model of learning styles will be apparent.

Koort and Reilly called the vertical axis “the learning axis.” Knowledge is constructed in an
upward direction and misconceptions are discarded in the downward direction. The model’s
intention is, on the one hand to show that learning in science, engineering and math is
naturally cyclic, and on the other hand, to demonstrate that when students find themselves in
the negative half that this is inevitable. Thus, the teacher has to help students to keep orbiting
the loop and “to propel themselves, especially after a set-back.” The model suggests
intervention strategies that the teacher might use in each quadrant.

Taken together chapters 11, 12, 13 and this chapter demonstrate that not only teaching but
policy making in respect of the curriculum benefit if we have a wide ranging understanding
of student behaviour.



Gardener’s contents of intelligence

1.Linguistic Intelligence. All the skills involved in writing, reading, talking and listening. Everyone is endowed with potential in this
areas

2.Musical intelligence. A talent which emerges early but for the majority ceases to develop after school years begin. The environment
can enhance or develop this talent. The intelligence involved in singing, playing, conducting and appreciation.

3.Logical-mathematical intelligence. Is involved in mathematical and scientific thinking and numerical computation. More generally in
the solving of logical problems.

4. Spatial intelligence. An intelligence which draws together a number of loosely connected abilities related to forming spatial
relationships as for example the contrast between an artistic perspective and navigation. It is involved in engineering and scientific
activities and a skill in chess playing. In contrast to logico-mathematical intelligence which “concludes its developmental trajectory with
increasing abstraction, spatial intelligence remains tied fundamentally to the concrete world...”

5. Bodily-Kinesthetic Intelligence. Completes the trio of object related intelligences. This intelligence is exercised in control of one’s
body. Involved in acting, athletics, dancing and making things (e.g. as in metalwork and surgery). Such activities are problem solving
activities.

6. Interpersonal intelligence. Involved in understanding of other people and one’s self in relation to an other.

7. Intrapersonal intelligence. The skill involved in understanding one’s self.

Exhibit 15.1. Gardener’s seven contents of intelligence.



@ (b)

Components of Intelligence Higher order processes called by Sternberg executive
1. Meta-components processes. Operation of the meta-components involves

(@) Recognition of the problem

(b) Recognizing the characteristics of the problem

(c) Selecting lower order processes to deal with the
problem

(d) Selecting a strategy into which to combine these
components.

(e) Selecting a mental representation upon which the
components and strategy can act

(f) Allocating ones mental resources

(g) Monitoring the problem solving as it occurs.

(h) Evaluating the process.
2. Performance components. - . . Lo
e.g in inductive reasoning these are encoding, inference,
mapping, application, comparison, justification, and
response.
3. Knowledge acquisition components The subject learns how to deal with these components.
These involve elimination of irrelevant information.
The utilisation of knowledge acquisition components in
vocabulary learning situations is critical to the
development of intelligence.

(©) (d)
Experience and Intelligence

1. Ability to deal with novelty Experience is a powerful influence on performance so any
assessment of performance has to take into account the
level of experience.

2. Ability to automatize information processing. Complex tasks can only be carried out because many of the
relevant operations have been automatized.

(e) (f)

Contextof Intelligence Adaptation takes place in context but sometimes it may be
1. Adaptation to one’s environment.. necessary to change that context (environment) in order to
2. Environmental selection better shape it to ourselves.

3. Environmental shaping.

Exhibit 15.2 Summary of R. J. Sternberg’s Triarchic Theory of intelligence. For a useful summary see The Theory of
successful of human intelligence Chapter 2 in Sternberg, R. J., Kaufman, J. C., and E. L. Grigorenko. Applied
Intelligence. Cambridge. Cambridge University Press.

Practical problem solving ability: reasons logically and well, identifies connections among ideas, sees all aspects of a
problem, keeps an open mind, responds to other’s ideas, sizes up situations well, gets to the heart of the problem, interprets
information accurately, makes good decisions, goes to original sources of basic information, poses problems in an optimal
way, is a good source of ideas, perceives implied assumptions and conclusions, listens to all sides of an argument, and deals
with problems resourcefully.

Verbal ability: speaks clearly and articulately, is verbally fluent, converses well, is knowledgeable about a particular field,
studies hard, reads with high comprehension, reads widely, deals effectively with people, writes without difficulty, sets times
aside for reading, displays a good vocabulary, accepts norms, and tries new things.

Social competence: accepts others for what they are, admits mistakes, displays interest in the world at large, is on time for
appointments, has social conscience, thinks before speaking and doing, displays curiosity, does not make snap judgments,
assesses well the relevance of information to a problem at hand, is sensitive to other people’s needs and desires, is frank and
honest with self and others, and displays interest in the immediate environment.

Exhibit 15. 3. Abilities which contribute to intelligence. Obtained from questions about the nature of intelligence, academic
intelligence, and unintelligence put to experts in research on intelligence and lay persons by R. H. Sternberg and his colleagues.
Among the findings was the fact that research workers considered motivation to be an important function of intelligence whereas
lay persons stressed interpersonal competence in a social context. In R. H. Sternberg (1985) Beyond 1Q. A Triarchic View of
Intelligence. Cambridge University Press.



Being assertive

Chairing, clarifying, closing, collaborating, confronting,
consulting, contracting, critical thinking

Data handling, decentering, delegating

Empathsising

Facilitating

Hypothesizing

Information gathering

Integrating, Interpreting, Interviewing

Leading, Listening

Mentoring

Negotiating, Non-Verbally communicating

Opening

Presenting

Questioning

Reflecting back, reviewing

Self-disclosure, supervising, synthesizing

Telephoning.
Exhibit 15. 4. 32 personal skills identified by the Sheffield personal Skills Unit
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Zone 1 Core Skills

Zone 2 Group Skills

Zone 3 Skills in a Organisational Context
Zone 4 Environmental Context

Increasing Complexity of Skills

Exhibit 15.5. The Personal Skills developmental model described by the Sheffield Personal Skills Unit.



Cognitive knowledge and skills
Knowledge:- Key concepts of enterprise learning (accounting, economics, organizational behaviour, inter and intra

personal behaviour).
Skills: - The ability to handle information, evaluate evidence, think critically, think systematically (in terms of systems),

solve problems, argue rationally, and think creatively.

Social skills: - as for example the ability to communicate, and to work with others in a variety of roles both as leader and team leader.

Managing one’s self:- as for example, to be able to take initiative, to act independently, to take reasoned risks, to want to achieve, to be

willing to change, to be able to adapt, to know one’s self and one’s values, and to able to assess one’s actions.

Learning to learn: - to understand how one learns and solves problems in different contexts and to be able apply the styles learnt
appropriately to the solution of problems.

Exhibit 15.6. Four broad areas of learning that are important for equipping students for their working lives, as defined by the
REAL working group of the UK Employment Department -1991 (cited in Heywood, J (2005) Engineering Education. Research and
Development in Curriculum and Instruction. Hoboken, NJ. IEEE/Wiley.

telephoning

Communication Teamwork (T) Problem-solving Managing and Summary of
© (P-S) Organizing profiles
Personal tutorial Zone 1 Zone 1 Zone 1 C =4
All core skills All core skills All core skills T =0
Zone 2 Zone 2 P-S=6
Explaining Reviewing, M =2
Presenting contracting,
Written, negotiating
confronting,
Being assertive
Seminar tutorial Zone 1 Zone 1 Zone 1 C =4
All Core skills All core skills All core skills T =0
Zone 2 P-S=5
Explaining, M =0
Presenting, oral and
written,
confronting, being
assertive,
Seminar. Student- | Zonel Zone 1 Zone 1 C =5
led Individual All core skills All core skills All core skills T =0
Zone 2 Zone 2 Zone 2 P-S=6
Explaining, Data handling, consulting M =0
presenting oral and Critical thinking,
written, synthesizing,
confronting, interpreting,
being assertive. integrating,
hypothesizing
Seminar student- Zone 1 Zone 1 Zone 1 Zone 1 C =5
led. Team All core skills All core skills All core skills All core skills T =4
Zone 2 Zone 2 Zone 2 Zone 2 P-S=6
Explaining, Collaborating, Data handling, Reviewing, M =4
presenting oral and | facilitating, leading, | Critical thinking, Contracting,
written, delegating synthesizing, Chairing,
confronting, interpreting, negotiating
being assertive
Project Zone 1 Zone 1 Zone 1 C =4
Theoretical e.g All core skills All core skills All core skills T =0
library project, Zone 2 Zone 2 Zone 2 P-S=6
artefacts study, Explaining, Data handling, Reviewing, M =6
Individual presenting oral and Critical thinking, Interviewing
written, synthesizing,
telephoning interpreting,
integrating,
hypothesizing
Project theoretical | Zone 1 Zone 1 Zone 1 Zone 1 C =5
eg artefact, All core skills All core skills All core skills All Skills T =4
survey, Zone 2 Zone 2 Zone 2 Zone 2 P-S=6
experimental Explaining, Collaborating, Data handling, Reviewing, M =6
practical, presenting oral and | facilitating, Critical thinking, contracting,
fieldwork written, Leading, synthesizing, chairing,
Team being assertive, delegating interpreting, negotiating.




integrating,
hypothesizing
Project — “live’ Zone 1 Zone 1 Zone 1 Zone 1 C =6
work based, All core skills All core skills All core skills All core skills T =5
clinical placement, | Zone 2 Zone 2 Zone 2 Zone 2 P-S=6
company based Explaining, Collaborating, Data handling, Reviewing, M =6
Team presenting oral and | facilitating, Critical thinking, Contracting
written, Leading, synthesizing, interviewing,
confronting, being Delegating, interpreting, consulting,
assertive, Supervising. integrating, negotiating.
telephoning hypothesizing
Student profile Zone 1 Zone 1 Zone 1 Cc =2
negotiated with All core skills All core skills All core skills T =0
tutor Zone 2 Zone 2 Zone 2 pP-S=4
Explaining, Critical thinking, Reviewing. M =1
Being assertive synthesizing,
interpreting,
integrating

Exhibit 15. 7. Active learning strategies to encourage development in the skill areas shown in exhibit 15.5

Domain and level

Cognitive domain

Knowledge
Comprehension
Application
Analysis
Synthesis
Evaluation

Lecture, CAI, drill and practice

Lecture, modularized instruction, CAI

Discussion ,simulation and games, CAl, modularized instruction, field experience, Laboratory
Discussion independent/group projects, simulations, field experience, role playing laboratory.
Field experience, role playing, laboratory independent/group projects.

Independent/group projects, field experience, laboratory.

Affective domain

Receiving

Responding

Value

Organization
Characterization by value

Lecture, discussion, modularized instruction, field experience.

Discussion, simulation, modularized instruction, role playing, field experience.
Discussion, independent/group projects, simulations, role playing, field experience.
Discussion, independent/group projects, field experience

Independent projects, field experience.

Psychomotor domain

Perception

Set

Guided response
Mechanism

Complex overt response
Adaptation
Organization

Demonstration (lecture), drill and practice

Demonstration (lecture), drill and practice

Peer teaching,, games, role playing, field experience, Drill and practice
Games, role playing, field experience, drill and practice

Games, Field experience

Independent projects, games, field experience

Independent projects, games, field experience.

Exhibit 15.8. Matching objective, domain and level of learning to appropriate method and instruction by C. A. Weston and P. A.

Cranton (1986) [12]

Self-awareness

Observing yourself and recognizing your feelings with a view to action or trying to change action in
specified circumstances. This can include mode of study, reactions to people etc.

Personal decision making

Examining one’s actions and predicting the consequences. Knowing the basis of the decision, i.e
cognition or feeling. This covers the gamut of small and large decisions that relate to everyday actions.

Managing feelings

Requires self-awareness in order to be able to handle anxieties, anger, insults, put-downs, and sadness.

Handling stress

Use of imagery and other methods of evaluation

Empathy

Understanding how people feel and appreciating that in the learning situation students can become
stressed and that such stress can be reduced by the mode of instruction (e.g., use of imagery).




Communications Becoming a good listener and question asker; distinguishing between what someone else does or says
and your own reactions about it; sending “I” messages instead of blame.

Self-disclosure Building trust in relationships and knowing when one can be open.

Insight This is different from cognitive insight referred to previously. It is about understanding one’s emotional
life and being able to recognize similar patterns in others so as to better handle relationships.

Self-acceptance Being able to acknowledge strengths and weaknesses, and being able to adapt where necessary.

Personal responsibility Being able to take responsibility for one’s actions. This relates to personal decision making. Learning
not to try and pass the buck when the buck really rests with one’s self.

Assertiveness The ability to be able to take a controlled stand. i.e. with neither anger nor meekness. Particularly
important in decisions involving moral issues in engineering on which the professional ethic demands
that a stand should be made.

Behaviour in groups Knowing when to participate, lead and follow.

Conflict resolution Using the win/win model to negotiate compromise. This is particularly important in industrial relations
and it applies to both partners in managerial conflicts.

Exhibit 15.9 Culver’s listing of the Nueva School components that make up emotional intelligence.

CONSTRUCTIVE LEARNING

Satisfaction
Curiosity
Investigate

Confusion

Puzzlement
Diagnosis
NEGATIVE

POSITIVE
AFFECT AFFECT
Dispiritedness Determination
Frustration Hopefulness
Discard Misconceptions Fresh Research
UN-LEARNING

Exhibit 15.10. Relating learning to the emotions from Koort, B and R. Reilly (2002).A pedagogical method for teaching
scientific domain knowledge. ASEE/IEEE Proceedings Frontiers in Education Conference 1, T3A. 13 to 17.
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York, Basic Books.

Gardener stated that he was open to the use of other terms to describe ‘intelligences’ such as
intellectual competencies, thought processes, and cognitive skills. This attitude illustrates
how his approach differed from the psychometric tradition. Because, he argued about the
interaction between heredity and training, we each develop these intelligences- some to a
greater extent than others. From the beginning of life these intelligences build upon and
interact with each other. At the core of each intelligence is some kind of device for
information processing that is unique to that particular intelligence.

Gardener suggests that the presentation of information to the nervous system causes it to
carry out specific nervous operations, which, by repeated use and processing, are eventually
generated as intelligent knowledge. These ‘raw’ intelligences are developed through their
involvement with symbol systems. Children demonstrate their various intelligences through
their grasp of these symbol areas. Then with further development, each intelligence and its
associated symbol system come to be represented in a notational system. For example, at the
symbol system level there is the response to the sound of a musical instrument: at the second
order level there is a response to music. Finally, these intelligences are expressed in
vocational interests.

Gardener’s theory is both open to criticism and development. He would not deny that others
are likely to come along and propose other intelligences. For example, is it possible that
there is an engineering intelligence? It is questionable whether computational skills should be
linked with mathematical ability. But, he does accept that there is a strong association
between logico-mathematical ability and spatial intelligence. He has been accused of
selecting evidence to suit his case. He is also strongly influenced by the theories of Piaget
notwithstanding the criticisms that have been made of Piaget’s theories.

Gardener has been anxious to apply his theory in educational settings and some elementary
school teachers have designed curricula to meet the requirements of the theory, not always
without difficulty (i). As an ideology the examples show that it is learner centred. Doubtless,
neuro science will eventually be able to shed light on the validity of the theory. In the
meantime the question is whether the idea is of value to engineers. The fact that spatial
intelligence is regarded as a separate intelligence raises questions about the attention
engineering educators pay to this dimension in the their teaching, as we saw in the last
chapter. Industrialists are as much concerned with intrapersonal relations as they are with
technical skills. Witness the volume of literature on emotional intelligence (see section 4 of
this chapter).

Gardener did not provide conclusive proof of his theory.

The idea of multiple intelligences challenges the view that IQ tests are the best means of
sorting people into occupations since they do not measure the range of human potential.
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XVI

Social Reconstruction

1. The fourth ideology

The social reconstruction ideology takes the view that society is doomed because its
institutions are incapable of solving the social problems, therefore education should
reconstruct society. Schools and their curriculum have to be designed to achieve this purpose.
This is in marked contrast to universities where little thought is given to the design of
buildings for learning. The models they have inherited, and with which they appear to be
satisfied, is a legacy of the industrial revolution.

Philosophically this ideology has its foundations in John Dewey’s Reconstruction in
Philosophy and Democracy and Education [1; 2]. As might be expected it is founded on a
social constructivist view of knowledge — knowledge is relative. The purpose of teaching is to
stimulate students to reconstruct themselves so that they can help reconstruct society. Some
authors who could be associated with this ideology see teaching as a subversive activity [3].

Schiro writes “human experience, education truth and knowledge are socially defined.
Human experience is believed to be fundamentally shaped by cultural factors; ‘meaning’ in
people’s lives is defined in terms of their relationship to society. Education is viewed as a
function of the society that supports it and is defined in the context of a particular culture.
Truth and knowledge are defined by cultural assumptions: they are idiosyncratic to each
society and testable according to criteria based in social consensus rather than empiricism or
logic” [4].

The principle methods of teaching are the “discussion” and “experience” group methods. In
the “discussion” method the teacher elicits “from the students meanings that they have
already stored up so that they may subject those meanings to a testing, verifying, reordering,
reclassifying, modifying and extending process” [5]. In this way a transformation of and
reconstruction of knowledge occurs in response to the group process. The experience method
places “the students in an environment where they encounter a social crisis and learn from
those who usually function in that environment” [6].The teacher in this technique becomes
colleague and friend.

This ideology may seem way outside the scope of engineering education, but is it? There are
a number of reasons why the answer to the question is, “it is.”

First, in respect of teaching method engineering educator Karl Smith has promoted
“constructive controversy.”

2. Constructive Controversy

“Constructive controversy” exists when one person’s ideas, information, conclusions,
theories and opinions are incompatible with those of another and the two seek to reach an
agreement [7]. Daniels and Cajander in Sweden used a staged approach as a guide to



understanding how constructive controversy could be used as a scaffold. They followed the
six stages of constructive controversy outlined by Johnson and Johnson which are:

1. Students are assigned problem/decision, initial conclusion.

Students present and listen and are confronted with an opposing position.
Students experience uncertainty, cognitive conflict, and disequilibrium.
Cooperative controversy.

Epistemic curiosity, information search.

Incorporation, adaptation to diverse perspectives, new conclusion.
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Daniels and Cajander describe their experiences in two papers [8, 9]. They found that things
did not always turn out as planned. For example, stage 4 overlapped with stage 2 in that
controversy about how to cooperate took place in stage 2. In Stage 5, while curiosity was
sparked about what could make the project better, the students who had worked in sub-groups
on parts of the project felt pressed to deliver their part of the project. There was evidence of
insights and ideas, but they were not seen as something to act on, but as things to be noted.
“There was not enough incentive to change what they were doing.” Daniels and Cajander
concluded that it was possible to use the model in a less structured manner. While it seems to
have potential in educational settings, what can students learn from it that will help them in
an industrial situation where there are problems of collaboration and conflict? (How may
constructive controversy be used to resolve conflicts within teams?”).

Daniels and Cajander emphasize that when running courses in non-traditional settings it is
necessary to explain the pedagogic reasoning for the choice of instructional method [10].

3. Debates

One thing that students might begin to learn is the art of communication. One method of
developing communication skills is by debating. Alford and Surdu reported on their use in
computer science at the US Military Academy [11]. They argued that debates could:

*Help students organize and synthesize information (i.e. higher order thinking) and that the
degree to which they do that, is similar to a “thorough end of term study for an examination.”

*Encourage students to learn on their own.
*Increase student’s cooperative skills.
*Improve verbal skills.

For a debate to be effective it requires a good topic. These may come from (1) topics that
have been discussed in depth in the course, (2) topics discussed briefly during the course, and
(3) relevant topics not discussed in the semester. The first encourages analysis and synthesis;
the second encourages the development of the student’s general knowledge; the third
encourages the application of what is learned on the course.

There are several possibilities for assigning the position that students should take in the
debate. For example, the students have to prepare half the topic and they are told which
position they have to attend.



To ensure they learn both halves, they can be told to prepare for a debate without being told
which position they have to take until much nearer the time of the debate. In this situation
they are forced to evaluate the arguments for and against.

Another approach is to assign the roles at the beginning the debate but this requires
substantial preparation. A period of time has to be allowed at the beginning of the debate for
the team to work out their strategy unless they are required to do this beforehand.

The United States Military Academy tried student versus student, student versus faculty, and
faculty versus faculty debates. The authors preferred the student versus faculty debate
because this produced a high level of effort from the students.

4. Mock trials

Mock trials have many similarities with debates. At the University of Valparaiso (Indiana)
senior civil engineering students joined with third year law students to represent the plaintiffs,
designer and contractors in each of three trials. The engineers were to be the expert witnesses,
and they had to explain in lay terms all the technical concepts involved in the case, and also
to give their opinion of the probable cause of failure. This involved them in several meetings
with the law students who had to prepare the engineering students to act as expert witnesses.
The cases were argued in front of a practicing judge.

Tarhini and Vandercoy [12] who conducted these classes reported that, “it forced students to
completely understand the causes of structural collapse so they might clearly understand
those causes, and it compelled collaboration with the third year students.” They also noted
that it provided an introduction to professional responsibility through the application of the
ASCE Code of Ethics to the behaviour of expert witnesses. That is, to render opinions based
on facts only.

Inevitably the engineering students had to learn a new language and the logic of argument
used by lawyers.

5. Turning the world upside down

It may be argued, that neither, debates or mock-trials lead to change in the way that the social
reconstruction ideology envisages change. But change cannot be imposed it has to be argued
for, a case has to be made. Debates and mock-trials help develop the skills of argument.

What matters is that engineering is by its very nature an agent of change. Engineering design
is a social activity not only in its process an implementation [13], but in the impact that it has
on society. Witness the enormous social change that is happening as a result of social media.
Engineers do not seem have understood these consequences but to have supported these
developments without questioning them as forces for both good and evil [14].

But engineers can be a force for good. Consider the work that has been done to promote
peace engineering [15], or social justice [16]. In any event it is unlikely that engineering
educators would disagree with the view that today the primary purpose of engineering is to
improve the lot of individuals and the society in which they live. It reconstructs society,
Social reconstruction educators take the view that “man is shaped by society and man can
shape society [..] Individuals must first reconstruct themselves before they can reconstruct
society” [17]. Engineering has a moral purpose but it originates in the individual.



The implications of social reconstruction ideology for the engineering curriculum and its
teaching are, therefore, profound.

6. A case study for conclusion

The purpose of this book was to provide an introduction to teaching for beginning
engineering educators and a means of reflection for experienced engineering educators. It
began by showing that the problems beginning engineering educators have are the same
problems that beginning teachers have. Moreover, a great deal of research and development
has been completed on teacher education that is valuable to engineering education. An
attempt has been made to demonstrate this point throughout the book. A major finding of that
work is that if teachers are to experiment with instructional methods they have to receive the
support of their colleagues.

It has been difficult to maintain this focus without veering into departmental and curriculum
policies. Departments (schools) have to own the innovation even though they do not
implement it. Mostly this does not happen in engineering so the teacher who wishes to
innovate is on his/her own. But there is an awful lot that teachers can do that will have an
impact on students, and it may not be what we think.

In the United States a small private liberal arts college has been the subject of a ten year study
to find out “How College Works” [18]. The authors Daniel Chambliss and Christopher
Takacs asked the question, “Can students get more out of college without spending more
money?” This meant that they had to examine how the quality of college education could be
improved without additional cost. The answer is surprising. They believed it could.

They found that the single most important thing in the quality of a student’s education was to
do with the way a college is organized to help the students with their relationships, and that
went for the classroom experience as well. Relationships, “are the necessary precondition, the
daily motivator, and the most valuable outcome. A student must have friends, needs good
teachers, and benefits from mentors. A student must have friends, or she will drop out
physically or withdraw mentally. When good teachers are encountered early, they legitimize
academic involvement, while poor teachers destroy the reputation of departments and even
entire institutions. Mentors, we found, can be valuable and even life

changing...... relationships are important because they raise or suppress the motivation to
learn, a good college fosters the relationships that lead to motivation.”

This text began with the idea that engineering educators become professional when they treat
teaching as a scholarly activity, and the model of the teacher as researcher and or developer
of his/her instruction was promoted. Since learning is shared activity the least an instructor
can do to foster relationships is to share his/her scholarly activity with his/her students.
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