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Abstract

Technical Drawing has been a post-primary subject for. almost one hundred
years in Ireland. During the first ninety years T. D. was taught as a vocational
subject and had strong associations with the other practical (technological)
subjects on the curriculum, most notably Woodwork and Metalwork. The
emphases in drawing during this period were on the skills associated with
draughtmanship and the interpretation (reading) of drawings. The doing
(drawing) was emphasised over the thinking.
In 1990 a new rationale for drawing
was introduced as part of the major
organisational changes which saw the Day Group and Intermediate Certificate
programmes replaced by the Junior Certificate programme, for all post-primary
schools. The new syllabus document and teacher guidelines for Technical
Graphics (formerly Mechanical Drawing)
outlined a rationale for drawing based
on the notion of 'Graphicacy'. This perspective of drawing gave prominence to
the formation, categorisation and manipulation of mental images formed as the
result of perception and effectively relegated the making and interpretation of
drawings to a subordinate
role to mental activity. Thus, the thinking was given
prominence over the drawing which was described in terms of its
communicative function.
After many years as a Technical Drawing teacher,
operating within the
graphicacy system, I began to question the ability of the philosophy to
adequately describe and explain some of the inconsistencies I was encountering
daily in the classroom. This
was especially true of the supposed hierarchical
structure of Spatial Ability which was viewed as the chief component of
graphicacy.
I wondered why it was necessary to separate drawing from thinking in the way
it had been done previously. I began to investigate possible alternative
rationales in the literature that could assimilate acting and thinking into one
theory of drawing. The study. reported in this dissertation is an effort to take
this one step further through empirical research in a T. D. classroom.
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Chapter 1
Introduction

will outline what my research project is about, why it
is of interest to me and why what I have done should be of interest
to the general reader in education and my colleagues who teach
Technical Drawing (T. D. ). I will use the term T. D. to describe both
In Chapter 1I

junior and senior cycle drawing (Technical Graphics and Technical
Drawing respectively) in Irish post-primary schools.
I begin by giving a brief outline of the history of T. D. from the time
of its introduction as a post-primary subject at the turn of the 20th
Century to its provision today. I then discuss my perception of some
of the difficulties the present rationale poses for the modern teacher
before outlining what prompted my research. Finally, I briefly outline
the content of the following chapters of the dissertation.
A Brief History

of Technical

Drawing

in Ireland

The passing of the Agricultural and Technical Instruction (Ireland) Act
in 1899 heralded the setting up of post-primary Technical Schools
'Techs' - in many large Irish towns and was an effort both to make
post-primary education available to a greater number of children and
to introduce technical subjects which would enhance their employment
prospects.
The limited access to and concentration on academic education in
post-primary schools prior to this development was felt to be
neglecting the commercial, industrial and agricultural education
(Mulcahy, 1981, p. 14) associated with progress in other countries and
as such, was hindering Ireland's development as an economic entity.
Techs' were designed for children over twelve years of age and the
programmes delivered were of two years duration. Drawing was
introduced as a post-primary subject in Ireland for the first time. The
suggested syllabus was to be composed of 'freehand work' and
'mechanical drawing' (Durcan, 1972, p. 135), and was designed to
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cover a comprehensive range of topics in Plane & Solid Geometry and
Applications.
Drawing was provided (usually as a subject for boys) in this form in
Technical Schools right up to the Vocational Education Act of 1930,
by
first
introduced
legislation
the
the
when
piece of educational
was
new State. Under the 1930 Act, Vocational Schools were set up in
practically every large town in the country (often in the buildings that
housed the old 'Techs').
These new Vocational Schools (funded by the State) provided a
curriculum which was composed of academic and practical subjects
(continuation education), similar in many respects to the old Technical
School provision. Drawing was part of the curriculum from the outset.
but it was not until 1947 that the first Mechanical Drawing (M. D. )
examination was scheduled as part of the Day Group Certificate. This
examination, taken at the end of the two year programme, was
introduced to provide the certification of completion (of a post-primary
programme) required by employers. The examination in M. D. reflected
its strong connections with Woodwork

and Metalwork.

Voluntary Secondary Schools continued to
provide the three year
Intermediate Certificate Examination programme, leading to university
matriculation examinations. Thus, a two strand system developed in
Ireland.
This form of provision continued until the introduction of the
Vocational Amendment Act of 1962 when a series of sweeping
changes were introduced. These included common Day Group,
Intermediate and Leaving Certificate Examinations for students in the
Voluntary and Vocational sectors, and a two-year senior cycle (after
the Intermediate Certificate) in all post-primary schools. Practical
subjects and M. D. were introduced into many Voluntary Secondary
Schools for the first time and programmes were extended by a year
and taken at Intermediate Certificate level by students in both sectors.
Many students (still) left post-primary school after the Day Group or
Intermediate Certificates and it took some years before the numbers
staying on for senior cycle in Vocational Schools increased notably.
M. D. now had a senior cycle equivalent in Technical Drawing (T. D. ).
William P. Bolger - M7137754
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Examinations in M. D. and T. D. consisted of a single, common level
paper divided to reflect the main emphases of the time, i. e. Plane &
Solid Geometry with Engineering or Building Applications.
As alluded to above, M. D. and T. D. of this era were viewed as
vocational subjects (taken in conjunction with other practical subjects)
from
Apart
basis
formed
for
into
the
and
entry
craft apprenticeships.
this vocational emphasis, M. D. and T. D. did not have a guiding
theory which described or explained students learning and development
while studying. The emphases were on the geometrical content of the
syllabus and the skills associated with the preparation and
interpretation of drawings.
In 1990 the old junior cycle programmes (the Day Group and
Intermediate Certificate) were abolished and a single Junior Certificate
examination was introduced. The name M. D. was changed to
Technical Graphics (T. G. ), the subject was to be offered at ordinary
and higher levels, and a new view of learning and development was
proposed.
The new rationale for T. G., contained in the syllabus document,
associated learning and development in drawing with graphicacy, a
notion which emphasised the mental activity associated with the
solution of two- and three-dimensional problems. This became the
received view of drawing because of its inclusion in the new syllabus
and T. G. teacher guidelines. It was reinforced through an intensive
in-service programme delivered by the Department of Education to all
drawing teachers when the new programme was introduced.
Senior cycle T. D. continued to be provided in its original format until
the mid 1980's when the single common level examination was
replaced by two three hour examinations at higher and ordinary levels.
Proposals to reform the Junior and Leaving Certificate programmes
and examinations are currently being examined.
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T. G. and T. D. Today: Structure and Rationale
Today, the T. G. programme is viewed as one which provides a unique
range of skills which enable it to act as a foundation course for T. D.
at Leaving Certificate level. It is (still) also viewed as a contributing
discipline to all technology based subjects because it is
regarded as a universal language. The 1990 programme aims to
stimulate students' creative imagination by developing their spatial
abilities, together with the cognitive and manipulative skills associated
with graphicacy. The programme also seeks to develop logical and
progressive reasoning and the ability to spatialise and visualise twoand three-dimensional configurations when solving graphical problems.
Solutions are drawn at the drawing board with instruments (but there
is an aspiration to introduce computer assisted drawing). Finally, the
programme seeks to develop an understanding of the importance of
communicating information graphically (T. G. Syllabus, 1990, pp. 1-5).
At the end of the three year programme students sit a terminal
examination. Both higher and ordinary level examinations are in two
parts: in Section A short questions must be answered; and in Section
B long questions must be addressed. The solutions to short questions
are drawn on the examination paper while long question solutions
must be prepared on the drawing board using drawing instruments.
A knowledge of junior cycle drawing is assumed for those who study
T. D. at Leaving Certificate level where the subject is viewed as
providing students with the opportunity to visualise and comprehend
information presented verbally or graphically. The aims are to develop
the intellectual qualities of comprehension, analysis and problem solving
as part of overall design sensitivity - together with the physical skills of
manipulation and dexterity. The programme is divided into two parts:
Part 1, Plane & Solid Geometry which is purely theoretical; and Part 2,
Applications, which emphasises the role of T. D. as the language of
technology.
Part 2 of the programme is divided into two distinct sections: Part
2(a) Engineering Applications; and part 2(b) Building Applications. For
William P. Bolger - M7137754
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the Leaving Certificate examination students are required to study Part
1, and either Part 2(a) or (b). The selection from Part 2 is usually
made with reference to the background of the drawing teacher - my
I
for
Building
Technology
that
example,
with
means,
association
always teach Part 2(b) of the programme, i. e. Building Applications.
Thus, the structure of the programme with its sections on pure and
applied geometry, is seen as providing a broad educational experience
for the students where their intellects and creative abilities are
developed through topics which are appropriate and meaningful in a
technological world (Rialacha & Cllr,
Differing

Emphases: Traditional

2000, p. 252).

and Modern.

Early courses in Drawing emphasisedthe acquisition of skills
associatedwith draughtmanshipand interpreting (reading) drawings.
These were vocationally directed activities intended to equip students
in
improve
their
with skills which would
employment prospects
Irelands two largest industries, agriculture and building.
The changes in the syllabi for senior and (especially) junior drawing,
in the mid 1980's and 1990 respectively, have seen the development
of a view of T. D. which apparently seeks to separate the cognition
associated with the solution of spatial problems from the draughting
skills which were given salience in the earlier programmes. Indeed,
while the T. G. syllabus of 1990 has much to say about the
development of student cognition, it has very little to say about
mechanical drawing in the traditional sense, i. e. the type of cognition
that is associated with drawing on the board with instruments. This
may be regarded as the separation of acting from thinking or thinking
from acting. This is an important distinction since a view of T. D. that
implies acting without thinking (i. e. with no cognitive element in the
exercise of drawing skill) may follow. In my view (which I will
outline in Chapter 2) thought and action are inextricably linked in the
production of drawings - one can not be separated from the other.
In the last decade the subject has come to be viewed solely in terms
of graphicacy. This is a quite complex notion composed of a number
of elements but it emphasises the development and manipulation of
William P. Bolger - M7137754
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mental images and relegates the process of making drawings to a
purely mechanical role. That is, drawings provide a medium through
which the geometric or spatial problems which have been solved as
mental activities can be communicated to others. Drawing is regarded
therefore, as being subordinate to the mental actions associated with
the other processes of graphicacy. This may be seen as a reversing of
the traditional emphasis, i. e. from acting without (necessarily) thinking
to thinking without (necessarily) acting.
Furthermore, the research on which the current graphicacy perspective
of T. D. is based was conducted almost exclusively outside the
educational settings which it has come to influence so profoundly.
Many of the reasons for the change in emphasis, I believe, are deeply
embedded in the historical context of Irish education briefly described
earlier. Breen et al (1990, pp. 25-26) for example, describe how the
curriculum in vocational schools was explicitly linked to the labour
demands of the economy. The curriculum in secondary schools, on the
other hand, emphasised the religious, moral and intellectual
development of students and was less directly oriented towards the
perceived labour demands of the economy. Furthermore, secondary
education was available to only a few, led to university education,
entry to the professions or the clergy, and was therefore, perceived as
a better form of education. The curriculum in such schools was
concentrated on academic, non-technical subjects where greater value
was attributed to thinking rather than doing. The influence of this
historical context on the development of the Irish post-primary
education warrants further investigation, but was outside the focus of
the study reported here. Changing views of the nature of child
development and learning which were prominent at the time the new
programmes in drawing were being developed were also influential.
Traditionally, the drawing syllabus has been organised around the
knowledge associated with geometric topics. This knowledge, which
forms an integral part of both traditional and modern programmes, has
received little attention since drawing was first introduced. Indeed, it
could be argued that it has been totally ignored because of the
emphases on draughting skills or mental actions by traditional and
modern syllabi respectively. It appears that T. D. knowledge has come
William P. Bolger - M7137754
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to be regarded as something which can he transmitted from one
generation of students to the next.
It is worth noting that contemporary views of learning which have
emerged since the current syllabus was introduced have reflected on
the role of knowledge in student learning. Thus, the current view (or
the lack of one) of the role of knowledge in T. D. may be depriving
us of a means of understanding the subject more deeply. In my view,
a rationale for T. D. can be developed that emphasises knowledge by
relating it to the thinking and acting which form an integral part of
drawing solutions to geometric problems.
What Prompted

my Research

A number of issues arising from previous and current views of T. D.
have led to the research reported here.
1.

The current graphicacy view of T. D. makes assumptions about
the type of cognition involved in the formulation of solutions to
problems. These are based on the evidence of drawings which are
produced. It may not be wise to assume that because a particular
type of drawing is produced that the drawer must be engaged in a
particular kind of thinking. This use of the drawing as evidence of
cognition may be regarded as being similar to the classic issue in
psychology where thinking is inferred from behaviour. My experience
in the T. D. classroom (although not previously the subject of rigorous
investigation) in this regard has been that these assumptions often
appear to be inaccurate. Students (often) produce solutions that appear
to evidence the development of advanced graphicacy while lesser
abilities are not evidenced in the same (or other) solutions. This would
appear to question the (supposed) hierarchical nature of the spatial
abilities which are at the core of the modern graphicacy rationale and
raises questions about whether students' drawn solutions to T. D.
problems can be adequately explained by the received graphicacy view.
2.

There appears to be evidence (from recent T. D. Chief

Examiner's
geometrical

Reports

for example)

principles

in situations
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to be applied. This has serious implications for the received view of
T. D. since transfer between pure and applied geometry plays a central
role in the design and assessment of the current syllabi.
3.

Since students' thinking is assumed to be developing in a
particular way their learning is also assumed to have certain
characteristics. This raises a further issue since views of learning have
changed during the period since the new drawing syllabi were
introduced in the mid 1980's to 1990. These new views of learning
and thinking can also (arguably) offer satisfactory, if different,
explanations for the solutions to T. D. problems students produce. No
attempt has been made to assimilate these modem views of learning
and development into the received view and they have not previously
been explored in the T. D. context.
4.

The vast majority of investigations which have taken place into
how the thinking associated with graphicacy takes place have been
conducted outside the educational settings that they' have come to
influence. Only Gaughran (1990) has carried out a study in the

drawing classroom but his methodology and methods were very similar
to those used in earlier studies despite his different focus. Therefore,
there was a need to carry out research in the T. D. classroom which
would describe and explain the activities which were taking place and
which could be used to form a view of the subject based on current
practice.
5.

In my view, both the earlier skills and the current graphicacy
views are flawed for another reason. The skills view of T. D. appears
to have implied that it was possible to " separate (especially) those
activities associated with making drawings, from the knowledge and
thought which are associated with the solution of T. D. problems. The
doing was emphasised above the thinking. Conversely, the modern
graphicacy perspective also separates thinking from acting but with a
different emphasis. Here the thinking is given prominence over the
action of drawing. I believe that it was necessary to develop a view
of T. D. in which thinking and acting are integrated.

William P. Bolger - M7137754
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The presence of a body of drawing knowledge is assumed from
both the skills and graphicacy perspectives, but the relationship of this
knowledge to either or both has not been explored sufficiently. In my
view, the role of knowledge is central to the development of a
6.

rationale for drawing which will allow the mental and physical actions
to be satisfactorily combined (point five above). Such a rationale
would, I believe, have serious implications for T. D. in terms of how
the syllabus is designed, delivered and assessed. Before such a
rationale could be developed however, a study (or several studies) of
the use of knowledge in the T. D. was necessary. The study reported
in the following chapters is an attempt to begin developing such a
rationale.
7.

It is also worth noting that several authors have questioned
whether courses in T. D. can influence the development of spatial
ability, which is at the core of the modem graphicacy perspective.
This will be discussed in greater detail in Chapter 2.
The main inconsistencies between the present rationale and my
observations in T. D. classrooms over the last decade have led me to
question the descriptive and explanatory validity of the received views.
In my view, students' work may not always be adequately explained
with reference to the current views of T. D..
The study reported in this dissertation is of interest to me personally
for the reasons stated above. I believe that a view of T. D. based on
T. D. knowledge will provide a more accurate and comprehensive
description and explanation of all aspects of the subject. The study
should also be of interest to the general reader in education and my
colleague T. D. teachers for the same reasons and also because it is
the first study of its kind to be carried out in an ordinary T. D.
classroom. I hope that it may lead to other, more focused, studies in
T. D.. It may also come to influence future syllabus design and
teaching methodologies in T. D..
In Chapter 2, which follows, I describe what others whose research
has influenced T. D. have concluded and explain what sense I have
made of what has been said, both in terms of how they agree and
disagree with one another and how I
perceive their strengths and
limitations. I then discuss the received view of T. D. in detail. This
William P. Bolger - M7137754

9

discussion outlines how the modem graphicacy perspective developed
from the debate about the nature of spatial ability and details how
problem solving is viewed in terms of students' ability to work
through an hierarchy of spatial ability sub-factors following perception.
According to this view, problem solving is carried out as a series of
mental actions prior to the drawing of the solution, which is
undertaken solely for communicative purposes. I go on to identify
difficulties with the received perspective, in terms of how the rationale
for the subject was developed, the possible influence of T. D. teachers
and programmes on student learning and development, how the
development of spatial ability is assessed, and how problem solving is
perceived. I then outline a number of possible alternative views which
might be adapted to provide a rationale for T. D. before discussing
how developing these views led to the research which is reported in
ensuing chapters.
In Chapter 3I

discuss how I decided to investigate my research
questions together with my justifications for adopting such a research
strategy. This chapter includes a discussion of the methodology
chosen together with details of the procedures adopted and what
influenced my choice. The discussion centres around the contrast
between the spatial ability research conducted in a positivist tradition
which informs the received rationale and the qualitative research
I
informs
knowledge
here
the
am
perspective
reported
which
between
differences
details
includes
discussion
This
the
of
proposing.
how empirical materials were collected and analysed to inform the
received graphicacy perspective and my proposed knowledge
perspective. Also included in Chapter 3 is a discussion of the ethical
issues associated with my role as a researcher while continuing to
operate as the class teacher.
discuss my research findings by outlining the sense I
made of the data generated during the research process. To do this, I
outline how the analytical categories used to interpret the data were
In Chapter 41

formulated and include some raw data and summaries so that the
reader may see how this analysis and interpretation were undertaken.
Further data are included in appendices to this dissertation. I also
discuss how my interpretation can be related to the findings of
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previous researchers.Thus, the story of my research is woven back
into the plot of the literature review.
reflect on my research and evaluate what I have done.
I discuss how different types of T. D. knowledge were defined during
the course of the research and how students used these types of
knowledge in the preparation of their drawn solutions. I reflect on the
In Chapter 5I

relevance of my research in terms of the current and proposed views
and discuss how students learn problem solving, and how it may be
taught. This discussion outlines how what I have done might effect
the practice of others in T. D. education. I go on to identify issues
which require further study and discuss the research methods I
employed, things I would do differently, together with how the
findings and conclusions of my study might be presented to my
colleague T. D. teachers (and others) for their consideration.
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Chapter 2
Literature

Review

The review of literature reported hereudner is not meant to be an
exhaustive account of all that has been written on the topics of
learning, development or problem solving as applied to Technical
Drawing (T. D. ) or any other subject area.
It is firstly, an account of the received view of T. D.. This view
incorporates perspectives of learning, development and problem solving
for T. D., which are related to graphicacy and to Piaget's ideas on
development. The graphicacy model became very influential in Ireland
following the publication of the Technical Graphics (T. G.) Syllabus and
Teacher Guidelines in 1990. Much of the content of these documents
was based on the work William F. Gaughran carried out for his
M. TECH. thesis at the University of Limerick and the work he had
done prior to its completion (Gaughran, 1990). During the 1970's and
1980's he had been involved in training T. D. teachers, had acted as a
consultant to the Department of Education on matters pertaining to
T. D., and was researcher and education officer for the National
Council for Curriculum and Assessment (N. C. C.A. ). This body was
(and still is) charged with developing the curriculum for post-primary
schools. He was thus, in the unique position where he could influence
the development of national policies on T. D., oversee the training of
new teachers on training programmes and influence practising teachers
(including myself) through his work on Department of Education &
Science T. D. in-service 'programmes. Gaughran's work during this
be
is
development
T.
D.
to
the
phase of
of
as a post-primary subject
commended very highly, not just because of its influence on the
development of a coherent rationale for T. D. but also because he
brought the research process into T. D. classrooms in Ireland for the
first time. At the time the new syllabus documentation was being
formulated, Piaget's theory of learnihi? and development was still
prominent and served to provide a compatible and already well
developed view of learning and development to fit Gaughran's views
of T. D.. The time was right to bring the views of Gaughran and
Piaget together in the Irish context. This was done in the rationale for
the T. G. Syllabus which was introduced in 1990. A coherent
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philosophy was thus developed which could, for the first time, relate
views of learning, development and problem solving in T. D. to those
held for other areas of the post-primary curriculum. This marriage of
philosophies still guides the subject today.
Secondly, the literature review is a discussion of the difficulties
associated with this received rationale for T. D. in the terms described
above - i. e. it may be viewed a critique of the received view. Although
the received philosophy has been unchallenged for a decade, it is
nevertheless, a particular view of learning, development and problem
solving. It emphasises the mental actions- and abilities associated with
(particularly) spatial ability and those on the development of thinking
from Piaget's perspective and makes assumptions about learning,
development and problem solving based on the ensuing behaviour. As
outlined above, at the time of its development this guiding philosophy
for T. D. was seen as a good fit between Gaughran's and Piaget's
views of development. Presumably, the Syllabus Committee (that
included Gaughran), which developed the syllabus, selected Piaget's
theory to support Gaughran's views because of the perceived
similarities between the two perspectives. Other views of learning,
development and problem solving also existed (or were in the process
of being formulated) at that time also, but were not used in any
official syllabus materials. Gaughran's and Piaget's theories alone were
chosen to form the basis of the guiding philosophy. One alternative
view, examined philosophically and empirically in other subject areas,
could be called the knowledge perspective. This describes procedural,
declarative and conceptual knowledge and explains how these types
and levels of knowledge influence student performance. To date, a
philosophy for T. D. based on this perspective has not been formulated
or tested as an explanation of learning, development or problem
solving. One of the effects of the concentration on the development of
spatial ability as an explanation for learning and problem solving in
T. D. has been that the subject of the knowledge used by T. D.
students has been somewhat neglected, despite several references to
types of knowledge in the T. D. syllabus document itself.
Thirdly, therefore, the literature review is
discussion of how the
,a
literature on knowledge, developed through the study of other subject
areas, can be used to provide a more satisfactory and complete model
for understanding all aspects of T. D.. This knowledge perspective
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represents my own analysis of learning, development and problem
solving for T. D. based on my reading of studies carried out in other
subject areas largely in educational settings, and my experience as a
T. D. teacher for the last twenty years and subsequent empirical
investigation. Since the research which informs the received view of
T. D. is based, almost exclusively, on empirical work which was
conducted outside educational settings generally and T. D. classrooms
specifically, the literature is an argument for conducting the research
it
informs
As
T.
D.
in
D.
T.
the
may
such
which
views of
classroom.
be seen as an argument in favour of the research described in
Chapter 4.

The first part of the literature review below seeks to describe and
explain the current views of learning, development and problem solving
in T. D. from the received sylabus documentation.
The Received View of Technical

Drawing.

These received views of learning, development and problem solving in
T. D. are composed of two philosophies which are viewed as
complementary. The first of these is Gaughran's graphicacy perspective
of learning, development and problem solving in T. D. and the second
is Piaget's theory of child development. Each will be explained in turn.
The Graphicacy

Perspective

The notion of graphicacy is relatively new, having been introduced to
Irish T. D. teachers and their classrooms during the in-service training
programme which followed the publication and introduction of the new
T. G. Syllabus in 1990. This document was prepared with reference to
the work of Gaughran (1990) which concerned the development of
spatial abilities through computer assisted learning (C. A. L. ). However,
many of Gaughran's ideas were used to inform the syllabus material
for T. G.. Although his primary focus was on computer assisted
learning (C. A. L. ) it is his work on the constitution and development
of spatial abilities which proved to be the most influential. His
M. TECH. thesis may be regarded as a comprehensive review of
the research reported on the constitution and development of spatial
ability conducted in the previous half century, and in it he also
describes his individual interpretation of this earlier work. It is
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this interpretation of the earlier spatial ability literature, rather than the
earlier work itself, which has proven to be the most influential.
Although he later published two post-primary textbooks in 1992 and
1996, his influence on T. D. has resulted from his M. TECH. thesis, his
work as a consultant to The Department of Education and Science,
and as research and education officer at the N. C. C.A. at a time when
the syllabus documentation was being prepared.

Gaughran was responsible for the introduction of the notion of
graphicacy into T.D. classrooms in Ireland. It is described as
the ability to encode, spatially perceive and manipulate
configurations in two- and three-dimensionalspace and to
(T.
G. Syllabus, 1990, p.2).
these
communicate
graphically.
This definition is taken directly from his thesis (1990, p. 1.). It is
composed of a number of elements involving the perception and
manipulation of two- and three-dimensional space, the abilities
associated with the encoding of these perceptions, and the
communication of these ideas graphically. He argues (1990, pp. 3-83)
that there are four main factors which constitute graphicacy as he has
defined it - (a) perception, (b) visual perception, (c) spatial ability
(S.A. ) and (d) communicating graphically. All these elements are
essential for overall graphicacy but S.A. is regarded by Gaughran as
the 'principal element in graphicacy' (1990, p. 39). Below, I have
briefly described these four elements from a Gaughranian perspective.
This is followed by Figure 2.1. which shows the graphicacy
perspective in simple diagrammatic form.
a) He describes perception as the biological processes involved in
generating mental images following exposure to an external stimulus.
Thus, a two- or three-dimensional stimulus or cue sets in train a
biological response which results in the formation of a mental image.
Ile describes how the eyes, as sense organs, change the various
environmental energies, which form the stimulus, into nervous impulses
that are then sent to the brain. Through the psychological process of
perception, the patterns of energies become known as two- or threedimensional configurations, objects, events, people and other aspects of
the world around the perceiver. However, the process of perception in
itself, does not reveal images of two- or three-dimensional
William P. Bolger M7137754
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configurations. Rather, the eyes and the brain combine to transform
the physical energy from environmental stimuli into information about
what is being viewed. It should be noted that stimulation of the sense
organs alone does not determine the nature of what is perceived.
Perception is a dynamic process of working on sensory data to
in
involved
The
produce perceptual objects and events.
work
perception is extremely complex and many physical, physiological and
psychological factors contribute to it.
In his discussion of perception he reviews the works of Lebowitz
(1965), Gregory (1973), Zusne (1970), Haber (1970), Hochberg
(1964), Vernon (1964), Rock (1973), Legge & Campbell (1987),
Padgham & Saunders (1975), Beck (1972), all of whom describe how
what the eye sees is transformed, in conjunction with the brain, to
produce perceptual objects or mental images.
Perception is often characterised, for example in the World Book
Encyclopedia (1984, Volume 15; p. 252) as having three levels of
complexity: detection, recognition and discrimination. Detection refers
to whether individuals can sense that they are being stimulated in
identify
detect
being
Recognition
to
to
and
some way.
able
refers
being
discrimination
to
refers
particular patterns of stimulation while
able to perceive patterns of stimulation as different. Gaughran
however, has separated these levels of perception into two distinct
forms of perception - perception described as in a) above and visual
perception described as in b) below.
b) Visual perception, according to Gaughran, allows the mental images
formed as a result of the perceptual process to be interpreted and
attributed significance. In developing his argument he reviews the work
of Vernon (1970), Oatley (1978), and Stillings (1987) in an effort to
advance his thesis of how images resulting from perception are
categorised and attached significance using 'schemata' (Gaughran, 1990,
p. 5). He emphasises this process of interpretation of images rather
than their biological construction. He also supports Harris' (1963)
thesis that the ability to discriminate and organise images formed
during perception develops with age and growth in cognitive
experience within a domain. Further, he argues, that the retention of
mental images as schemata and interpretation following stimulation
requires conscious effort - i. e. it is not automatic - and may be viewed
William P. Bolger M7137754
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as a drive for consistency similar to that described by Lunzer (1989,
p. 34). Gaughran also argues that the type of work involved here is
similar to that involved in perception as described above.
Gaughran's approach to perception may not be unique. However,
others might not distinguish so readily between the formation and
interpretation of images (see Haber: 1970 for a discussion of
during
in
the
theory
contemporary
respect of visual perception)
perceptual process.
c) Following perception and categörisation of images during visual
is
This
A.
).
Gaughran
describes
Spatial
Ability
(S.
ability
perception,
is
It
important
in
viewed as
viewed as critically
overall graphicacy.
cognition which involves the manipulation of mental images formed
during perception and categorised during visual perception such that

these configurations may be
imagined in different positions, compared and perhaps
mentally dismantled. Thereafter to be mentally re-assembled
and perhaps graphically communicated (Gaughran, 1990, p. 37).
This is a view of S.A. which has its roots in a debate that has
spanned the last six decades. It originated in early studies of
mechanical aptitude, in which test instruments similar in many respects
to those employed in current Differential Aptitude Tests were used.
For example, the D. A. T. 's Published by the Psychological Corporation
in New York (1990) contain sections on mechanical reasoning and
space relations which are very similar to the tests used in those early
studies which prompted the debate on the nature of spatial ability (see
McGee, 1979 for a discussion).
As alluded to above, the debate on the nature of spatial ability has
been a protracted one to which there have been a great number of
contributors. McFarlane (1925), Koussy (1935), Thurstone (1938),
Guilford & Lacey (1947), French (1951),

Anderson (1964), Smith

(1964), Vernon (1964), Plaget and Inhelder (1967 & 1971), DeRenzi
(1978), Edwards (1981), Ratcliff (1982), and Lord (1985) have all
described its nature, composition, and significance. Potegal (1982)
also reviewed many of the psychological and developmental aspects of
S.A. and outlined the areas of disagreement on their nature and
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number. The studies mentioned above have identified as few as two
or as many as ten sub-factors which constitute spatial ability. Although
no consensus on their number or nature has emerged in the last 75
years, there does appear to be at least some measure of agreement
that S.A. is a composite ability. There is also agreement that the
is
to
twothree-dimensional
one
visualise
ability
and
configurations
such major contributor.
A measure of Gaughran's influence on T. D. in the Irish context, is
that his view that five contributing factors to spatial ability 'should
suffice' (1990, p. 53), has been adopted as the official view published
in the T. G. Teacher Guidelines (1990, p. 3). His view, is based on his
interpretation of the S.A. literature and his empirical work. In the
empirical work he reported in his thesis he used tests with geometric
solids mounted on a plane (not dissimilar to Piget's (1956) mountains).
Equally significant, to his interpretation of the debate on S.A. however,
is his proposition that (as he describes it) S.A. is the 'principle ability
in graphicacy' (1990, p. 39), and that success in the T. D. domain is
dependent on its development.
In Gaughran's view, spatial ability develops following progression
through an hierarchy of what he calls 'space factors' (S.F. 's) (1990, pp.
53-54). These five S.F. 's are recounted verbatim in the T. G. Teacher
Guidelines (1990, p. 2) Space Factor I (SF! ) - image holding and comparing,

Space Factor 2 (SF2) - planar rotation: of two- or three-dimensional
objects in a single plane,
Space Factor 3 (SF3) - orientation: the ability to imagine an object in
two- or three-dimensions as viewed from
various perspectives by
a spectator,
Space Factor 4 (SF4) - kinetic imagery: the ability to manipulate or
rotate an object in the imagination,
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Space Factor 5 (SF5)

dynamic
imagery;
the ability to manipulate
elements within a three-dimensional
configuration in the imagination.

From Gaughran's (and The Department of Education and Science)
standpoint therefore, paramount importance is attached to those
elements of graphicacy which involve the construction, interpretation
and manipulation of mental images resulting from external stimuli or
emanating from the visual imagination of the individual. Thus, the
S.F. 's emphasise the notions of 'internalisation' and 'visualisation'
(Gaughran: 1990, p. 4) internalised mental activity involving the
manipulation of mental images of geometric configurations.
d) Just as the formation of mental images during perception and visual
perception service the mental actions which form spatial ability at the
beginning of the process, so also do drawings at the latter stages of
the process. The making, reading and use of drawings as a cognitive
tool is therefore, viewed as subordinate to spatial ability. Drawings are
viewed as the vehicles through which information and ideas of a
graphical nature can be communicated. Their skilled production and
interpretation is viewed as an important constituent of overall
graphicacy because of the need to be able to communicate ideas with
others involved in technological pursuits. It is in this context that T. D.
has attained its status as the universal 'language of design and
technology' (T. G. Syllabus, 1990, p. 1), placing it in a role where it
'services' all other technological subjects on the curriculum, and beyond
(N. C. C.A., 1987, p. 11). From a graphicacy perspective, drawings are
sub-servient to the other (mental) activities of which it is composed.
They represent the ideas of the one who draws and serve to mediate
those ideas (which have been the subject of cognition during the
previous stages of graphicacy) in the communicative process. Thus,
they allow others access to the ideas of the one who draws. This is
sometimes referred to as 'spatial modelling' (T. G. Syllabus, 1990, p. 1),
i. e. the externalisation of images in the form of drawings, diagrams
and constructions.
To ensure the effectiveness of drawings in this role they must be
produced to certain agreed standards called conventions. This means
that the students must attain a level of drawing skill, called
draughtmanship, which will allow ideas to be represented in a way
William P. Bolger M7137754
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Figure 2.1.

Technical
Drawing:
The Graphicacy Perspective
-

that others can access and that these skills must be progressed in
parallel with the ability to interpret or encode drawings, otherwise the
drawings cannot fulfil their role from the graphicacy perspective. The
development of these draughting skills is influenced by students levels
of psychomotor skills and dexterity in the manipulation of drawing
instruments together with their overall level of development from the
graphicacy perspective.
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Thus, the Department of Education and Science, within the
philosophical framework of the graphicacy perspective, promotes T. G.
as a subject which develops the 'creative imagination' of its students
and enhances their 'natural ability' to perceive and conceptualise space
by encouraging them to 'reason in two- and three-dimensions'. It also
requires that they apply their 'natural abilities', enhanced during and
following study of the subject '(quite how they are enhanced is not
clear), to the solution of graphical and spatial problems of 'an abstract
and practical nature'. The cognitive and practical skills developed as a
result of studying T. G. are portrayed as the stimulus which will help
students 'to see their environment with a critical and analytical
awareness' and which will serve to enhance their 'aesthetic values'.
(T. G. Syllabus, 1990, p. 1).
Thus, students of T. D. in their Junior Cycle programme, are provided
with the opportunity to develop their gnaphicacy - the foundation on
which the Senior Cycle programme in T. D. is built. This is achieved
as students progress through the hierarchy of space factors which lead
to a fully developed spatial ability. Central to this fundamental notion
of graphicacy, are 'internalisation' and 'visualisation' - unique modes of
thinking graphically viewed as incorporating the intellectual qualities of
comprehension, analysis, problem-solving, and design sensitivity, general
attributes which can be used in any of the topics covered by the
drawing programme. These are further developed at Senior Cycle.
Further, Gaughran (1990) and the Department of Education and
Science (1990) argue that the development of graphicacy in students
allows for the process of generating mental images in the absence of
external stimulation - contributing to the development of students
'creative abilities in topics which are appropriate and meaningful in a
technological world' (Rialacha & Clär, 1994, p. 192).
The official documentation does no.. recommend a specific pedagogy,
which will influence the development of the processes that comprise
graphicacy except to say that 'it is important that the students be
involved in a variety of activities which. are both interesting and
relevant' (T. G. Teacher Guidelines, 1990, p. 3), and that a variety of
teaching aids (building blocks, charts, ' iso or squared geo-boards, twoand three-dimensional puzzles, colour and computers) should be
employed in the classroom. Specific details concerning the
development of learning problem
solving are however, not referred to,
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except to say that strategies developed by the teacher should be
staged to address the hierarchy of space factors which lead to a
developed spatial ability. Problem solving is therefore, directly linked
to the space factors which constitute spatial ability, an internalised
form of mental activity.
Piaget's Theory Related to The Craphicacy

Perspective

The intended relationship between the graphicacy perspective of
learning, development and problem solving in T. D. and Piaget's Theory
of development, although referred to in the T. G. Teacher Guidelines
(1990, p. 3), is not fully explained for the ordinary T. D. classroom
teacher in any detail. References are made to the 'majority of students
entering second level school at the concrete operational stage of
intellectual development' with few having 'any proficiency in formal
operational reasoning' (1990, p. 3) but the theory of how students
progress from this stage of development in the early stages of the
T. D. programme to formal operational thinkers in the latter stages is
not developed. Brief references are also made to appropriate teaching
(involving
for
the
in
these
the
methodologies
early stages
programme
use of geometric models) but appropriate pedagogical strategies to
progress student learning as they grow older and become more
experienced are not provided in the literature. The following is my
interpretation of why Piaget's Theory is used in conjunction with the
is
based
for
This
the
on
perspective
as
a
rationale
subject.
graphicacy
the references to Piaget which are made in the Teachers Guidelines
mentioned above.
As children develop, according to Piaget's Theory (1952) they become
able to acquire knowledge of, and to think about not only objects and
events which are close to them in space and time but also about
is
development
from
This
them.
and
events
objects
quite remote
continuous, progressing through stages. Within each stage of
development patterns of behaviour are seen to occur. These patterns
are viewed as having a common structure which explains them and
gives each stage its unity. Thus, transition from one stage to another
requires that a fundamental mental re-organisation takes place
However, there is no sharp break between the end of one stage and
the beginning of the next stage just as there are no completely new
beginnings because each stage builds on the previous one. This means
William P. Bolger - M7137754

22

that the earlier construction is necessary for the later one to develop.
This may be viewed as a constructivist view of development. The
main stages of development are held to be the same for all children.
However, the speed at which individuals develop is not. The ages
quoted by Piaget for these stages are averages and he recognised that
there are wide variations from these averages. The three main stages
of development he describes are the sensory-motor period, the
concrete operational period and the formal operational period.
This staged, constructivist view of development has some congruence
with the views of spatial ability development in the graphicacy model
described earlier. Within each S.F. constituting S.A. there is also a
recognisable pattern of behaviour and structure which gives it its own
unity and character. For example, a student whose level of
development is at S.F. 1 (image holding and comparing) would be able
to look at a two- or three-dimensional configuration and then identify
aspects of the configuration in similar configurations. Having
progressed to S.F. 2 (planar rotation) the student would be able to
recognise similar two- and three-dimensional configurations when
rotated in a single plane, i.e. in a different orientation. At S.F. 3
(orientation) the student would be able to imagine how
three-dimensional configurations appear from different viewing positions.
A student would not be able to operate at S.F. 3 without first having
progressed through S.F. 's I and 2. This progression only occurs when
students are ready. Thus, a gradual development or re-organisation
takes place in the students thinking, when there is a readiness to learn
or develop. A distinct end to the development of one space factor or
beginning to the next is not necessarily distinguishable. This may
explain some of the inconsistencies in findings of studies of S.A. and
the debate about how many factors constitute it. From the brief
descriptions above the similarity of characteristics and behaviours
associated with S.F. 's serve to illustrate the difficulties associated both
with progression from one S.F. to the next and from one Piagetian
stage of development to the next. These similarities also serve to
illustrate the attractiveness of the view of S.F.'s as an hierarchy, with
progression from one factor to the next being dependent on the
development of the earlier one. It also gives an order for development
through which every student must progress to full development, albeit
at an individual pace of development.
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By the time children enter post-primary school, they have passed
through the sensory-motor stage and are coming to the end of the
concrete operational stage according to' Piaget's age profiles. This view
is reflected in instructions given in the T. G. Teachers Guidelines
(1990, p. 5). The kind of mental flexibility associated with this stage
decentre
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in
development
to
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the
the
and
ability
of
related
the development of operational structures. These operational structures
are actions. But they are not physical manipulations - they are carried
in
do
however,
have
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mind.
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.
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manipulations associated with
acts are also of great generality, serving to order, separate, combine,
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but only within an organised
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system of
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but
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only on a practical
structures already exist,
to internalise them. This means that the work done during the
be
period
must
carried out all over again on another
sensori-motor
in
the mind - acts of thought rather than
through
symbols
plane,
For
example, younger children can position objects while
acts.
physical
older children can think about doing this. However, during the
concrete operational stage these symbolic acts are still very closely
related to the concrete things on which the original physical acts were
be
doing
to
things
the
thinking
child
may
still
about
performed is
Thus,
thinking
more mobile
concrete
objects.
operational
physical
than sensori-motor thinking. It can deal with transformations between,
and relationships between states. Overviews are also possible, where
sequential views only were possible previously. Where sensori-motor
intelligence is geared toward practical success the operational thinker is
is
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interested
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understanding.
explanation
more
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related
sensori-motor intelligence is limited to real actions performed on real
objects with a narrow range of space and time the range of acts
in
but
in
is
for
thinker
the
principle,
unlimited
possible
operational
practice, the range continues to be restricted as long as thought is in
the concrete period. Thus, in my view, a cognitivist view is advanced
by the current T. D. rationale.
In Junior Cycle T. D. these views are reflected in the programme
which is recommended for Year 1 students. The emphasis is on the
basic
drawing
instruments,
development
the
the
of
manipulation of
draughting skills, introductions to drawing systems and work with
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simple geometric figures and solids. This reflects the view that these
students are not yet ready to progress to formal operations - to adult
thinking - and thus, that trying to teach them about topics which
require formal operational thinking will be unsuccessful. Recommended
teaching methodologies include the use of tactile models to represent
plane figures and three-dimensional models to introduce geometric
solids. Thus, the fact that the operations involved in students thinking
is still closely related to the physical manipulation of concrete objects
is recognised and developing operational thinking is catered for. The
emphasis on developing drawing skills also reflects the desire to
ensure that students attain practical success in the period prior to the
development of an awareness of how goals are achieved, a time when
explanations can be understood. Once the concrete operational stage
has been passed through and the childs' thoughts are no longer
by
ties to physical actions the range of possible mental
restricted
actions is theoretically unlimited.
The thinking associated with the formal operational period is that of
'the intelligent adult' (Donaldson, 1987, p. 139). It is marked by the
ability to reason logically, progressing from premises to the conclusions
which necessarily follow. It does not necessarily mean that the
be
Thus,
the
true
they
are
may
accepted
as
postulations.
premises
formal operational thinker can entertain hypotheses, deduce the
consequences and put the hypotheses to the test by systematically
experimenting with its elements in order to develop general rules
based on the conclusions of such actions. The formal operational
thinker can thus, manipulate ideas or propositions about two- and
three-dimensional configurations where the concrete operational thinker
is still thinking about manipulating, things, even when this is done in
the mind. This, is a very significant development since one of its
results is that the formal operational thinker is able to shift between
what is real and what is possible.
In T. D. this form of thought leads the student, when faced with a
problem, to begin considering possible solutions in a systematic way.
The formal operational thinker is one who tries out all possible
combinations, not necessarily stopping when a solution which works
has been found, but continuing. until the whole system of possibilities
has been explored. This form of thought also allows for the
formulation of previously unexplored solutions to problems being
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hypothesised as premises and conclusions. Thus, students are
'encouraged to be creative in their approach to solving problems' and
the received view is that spatial abilities 'contribute in a major way to
creativity' (T. G. Teacher Guidelines, 1990, 'p. 3). Further, the formulation
of hypothetical problems and solutions advances the students thinking helping her/him to learn and develop further. That is, abstract problem
solving is seen as part of the process of learning. Once a T. D.
student has reached formal operational thinking and has a fully
developed spatial ability she/he is capable of solving problems which
are posed in the manner described above and also of developing
hypothetical problems and solutions in order to advance thinking or to
be creative. Thus, in the first instance,'. 'action and self-directed
problem solving are at the heart of learning and development' (Wood,
1988, p. 5). Secondly, the benefits accruing from this form of thinking
in
be
to
everyday
can
addressed
solving practical problems encountered
life.
The current rationale for T. D. therefore, promotes a view of the
subject which is both cognitivist and constructivist. However, it should
be noted that active construction and self-regulation are not
synonomous with learning from a Piagetian perspective and that the
knowledge that an individual constricts must be sourced externally.

Summary
Thus, a cognitive constructivist perspective of learning and
development in T. D. is proposed for students in Irish post-primary
schools. The official literature associated with the subject advances a
view of development and learning which is largely based on
Gaughran's (1990) graphicacy work, with its emphasis on the
importance of the development of students' spatial ability -a form of
internalised activity relating to the formation and manipulation of twodeveloped
is
and three-dimensional mental configurations. Spatial ability
only through its constituent hierarchical sub-factors, called space
factors in the official T. D. literature. Problem solving in T. D. is
development
in
learning
terms of the
viewed chiefly
associated with
through space factors. These views were then used in conjunction
with those of Piaget (e.g. 1952 and 1957) to define a coherent rationale
for T. D.. Piaget's theory was used, in "my view, because it offered a
be
could
staged view of development, one where student behaviour
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retrospectively linked -to learning which was assumedto have taken
place. It is also a cognitivist view of mind and mental images. It is
hardy surprising that this view was subsequentlyused in conjunction
with those of the importance of hierarchical developmentthrough the
space factors (to a developed spatial ability) from Gaughran's
graphicacy model. This match of Gaughran's own private theory,
developed following earlier work on spatial ability development, with
Piaget's published theory of child development, seems an attractive
alliance because of the (supposed) consistencies between the views of
development they share (especially in respect of the internalised nature
of the problem solving process), the link between problem solving and
learning, and the abstract nature of both spatial ability and formal
operations. Consequently, the new Syllabus document and Teacher
Guidelines for Technical Graphics issued in 1990 linked views of
spatial ability development with Piaget's theories of development for
the first time in Department of Education and Science documentation.
This documentation was then disseminated to teachers countrywide
during an intensive in-service programme.
Difficulties

Associated with

the Received View of Technical

Drawing.

Researchon Which the T.D. Rationale is Based
One of the main difficulties with the received view of T. D. is that the
vast majority of research on which the guiding theory is based has
only very indirect connections T. D.. As outlined earlier in the
discussion on spatial ability, the earliest research to which Gaughran
referred concerned tests which were used to determine mechanical
aptitude. This research had only tenuous connections with T. D.. The
test instruments used were in diagrammatic form. However, test
subjects were not (usualy) required to draw solutions to the problems
posed, rather they were required to select a prepared drawing from a
number of possible solutions. In. the general Aptitude Tests used in
Ireland today (e.g. those developed by the Psychological Corporation,
1990) the sections devoted to Abstract Reasoning (pp. 17-22),
Mechanical Reasoning (pp: 28-39), and Space Relations (pp. 40-51) have
many parallels with the earlier tests used early in the S.A. debate. The
format of the tests are still very similar. In the case of Abstract
Reasoning for example, students are presented with an example of a
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typical problem figure and answer figure. In the test itself, each
problem figure is accompanied by a series, of answer figures from
which the student must select an answer. The correct selection may
be made by chance (e. g. if four answer figures are given to a
problem figure there is a 25% chance of randomly selecting the
correct answer figure) so there is an element of inaccuracy present in
assessing the results of such aptitude tests.
The laboratory tasks used by Gaughran to assess the development of
S.A. can be directly related to his definition of the constituent S.F. 's.
When assessing each S.F. solid and pictorial (abstract) models of the
figure or configuration were used. These were regarded as interesting
tactile and visual stimuli and therefore, as aids to 'perception' and
'visual perception'. Cognitive images of the configuration are generated
and categorised by the student. Each S.F. was tested, with the
complexity of the tests increasing for successive S.F. 's, reflecting their
hierarchical nature.
The approach adopted in solving such problems is (I would argue)
very different from that approach to solving T. D. drawing problems in
the classroom or examination context. Therefore, the theory which is
being used to guide T. D. today is based on research into spatial
abilities which used tests which are markedly different to the types of
problems encountered in a modem T. D. programme is, at best, built
on shaky foundations. In my view, a guiding theory for T. D. needs to
be developed from within the subject itself. Research into the types of
problem which must be addressed by T. D. students and the types of
solutions they must prepare needed to be carried out in order to
develop such a theory. -The research reported in Chapters 3 and 4 is
an initial effort to investigate these issues in a T. D. classroom.
The Influence of the Teacher in the Classroom?
From the Piagetian perspective currently used to guide T. D.,
development is viewed as resulting from active construction and
self-regulation. This is not regarded as being synonymous with
learning, which is viewed as the acquisition of knowledge from an
external source. It is recognised thai the student must develop her/his
own construction of such knowledge. The obvious external source of
knowledge in the classroom situation is the T. D. teacher. However,
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while recognising that such external sources of knowledge are
necessary for learning to occur he stresses that it is the stage of
development which significantly affects the learning which takes place.
Thus, the stage of development the student has reached at the time of
the teacher's intervention is crucial in determining whether the
intervention is successful in facilitating learning. Donaldson described
this as learning being subordinate to the subject's level of development
(Donaldson, 1987, p. 45). This view of learning, and by association
teaching, makes great demands on teachers. In order to provide each
student with the appropriate learning environment they must firstly
determine, at the beginning of the programme, each students stage of
development - both in terms of S.A. and Piaget's stages. This process
of assessing the stage of development at which the student is at must
then continue throughout the T. D. programme. This must be
undertaken for, as we have seen earlier, progression to the latter
stages of development depends on the development of the earlier ones.
In effect, this requires that teachers must act as developmental
psychologists in order to fulfil their teaching role. I would argue that
teachers are not trained to fulfill

such a dual function.

How is Spatial Ability Currently Assessed?
In Gaughran's favour, he has recommended a pedagogy which he
designed to address this staged view of the development of thinking in
T. D.. However, there is a reliance on assessing ability based on
behaviour which can be questioned. He recommends for example, that
work with students should comprise 'problems', the solution of which,
can be attributed to the abilities associated with the S.F. 's.. The
teacher should work with solid geometrical models in the first instance
before progressing to (abstract) pictorial ones. In this way, for
example, S.F. 5 problems would require the student to demonstrate the
abilities associated with it by drawing the solutions to problems which
require the mental manipulation of elements of two- or
three-dimensional configurations. Thus, manipulation of the elements of
a mental configuration would have to be carried out as mental actions
before any drawing of the solution could be prepared. However, the
mental actions which constitute the S.F. are not an observable
phenomenon. This requires that an assessment of the students ability
must be made on the basis of the drawn solution produced. In many
respects this is a throwback to the learning theories developed by
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Pavlov (1927) and Skinner (1938), in which assumptions about the
nature of learning are made following some observable behaviour,
albeit in the absence of a model of mind. Although some would argue
that the ability described is adequately represented in the solution
drawn, I believe that such an equation' of behaviour to the ability to
problem solve (at whatever level) should not be made too readily.
There may be other factors, from within the received perspective or
from alternative perspectives, which can explain the nature of the
solution produced.
Can T. D. Programmes Influence the Development of Spatial Ability?
It is also worth noting, given the Department of Education and
Science view of problem solving and learning in T. D., that there has
been some debate in the S.A. literature (e. g. Mendicino: 1958; Myres:
1958; Blade & Watson: 1955; Brinkman: 1966; Smith & Lipman: 1979;
1984) questioning the influence on the development of S.A.
which courses in T. D. may have. This would appear to question the
wisdom of basing a course in T. D. on a perspective which attributes
Lord:

such salience to S.A. development, especialy when the protracted
debate and disagreement about the nature of S.A. is considered. As
described earlier, there is a notable absence of explanations as to how
the received view of T. D. actually impacts on the development of
students learning and problem solving, beyond references to the stage
of development at which students enter second level schools. How
current T. D. programmes, with the received rationale, can or do
influence student development is not clear.
Piaget's theory, when applied to the classroom, does recognise that the
speed at which a student progresses through the stages of
development is influenced by the social and cultural environment. It
also recognises that the sequence through stages remains constant even
though the speed of an individual's development depends on whether
her/his constructive efforts allow assimilation of what the environment
in the classroom affords. Thus, although the teacher theoretically can
influence development, this influence may be viewed as very limited in
real terms. Whereas, exchanging ideas is viewed as important in the
development of thought, in particular in strengthening the awareness of
other points of view, the nature and extent of student development is

William P. Bolger - M7137754

30

restricted by the students constructive processes to which the teacher
does not have direct access but can support.
Thus, the research on which the current theory which guides T. D. is
based may be viewed as having only tenuous links with the subject as
it is currenty experienced in post-primary classrooms; the influence
which the teacher can exert on student learning is minimal; assessment
of the development of spatial abiities is based on observed behaviour
because students mental actions cannot be directly accessed; and there
is a body of literature which questions the ability of T. D. programmes
.
to influence the development of spatial ability. While recognising the
limitations of any theory to describe and explain the nature of its
subject, it would appear that there are serious issues raised when the
current graphicacy perspective of T. D. is examined closely. In the
following paragraphs a number of an alternative theories which might
more adequately describe and explain the activities in T. D. classrooms
and examinations are outlined.
Possible Alternative Theories for T. D.
Other theories could be used to describe and explain the activities
in
T. D.
learning,
development
and problem solving
associated with
One alternative explanation to the 'current cognitive constructivist view
T.
D.
for
the
of
problems
solution
example, would emphasise the
of
critical nature of the social and physical contexts in which the actions
that produced the drawn solution were undertaken. This falls within a
'situated'
framework
is
theoretical
as
which
characterised
relatively new
cognition. The situated view of cognition builds on an earlier
perspective called activity theory. I will briefly discuss activity theory
before returning to situated cognition.
The cultural-historical theory of activity which was initiated by
Vygotsky and his colleagues Luria and Leont'ev in the 1920's and
1930's, known as Activity

Theory (Vygotsky,

1978, p.40), may offer

an alternative explanatory theory of T. D. to the cognitive constructivist
is
Activity
Graphicacy
Perspective.
theory
the
perspective of
received
an holistic, emergent view of learning based on the idea that human
learning is mediated through practical activity; activity is mediated by
cultural signs: language, tools, conventions and these technologies
themselves are artefacts of practical activity. As the artefacts change,
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activity changes along with the consciousnessof the participants in a
continuous, evolving cycle of learning. It precedes knowledge and
there is no understanding apart from it.
Three theoretical generations in the evolution of activity theory may
be identified. The first generation centred around Vygotsky (1978,
p. 40) and created the idea of mediation where the relationship between
human agent and objects of environment is mediated by cultural
means; tools and signs. The second generation was introduced by
Leont'ev (1981, pp. 59-69). He emphasised the division of labour as an
historical process underpinning the evolution of mental functions.
Mediated by tools, work is performed in conditions of joint collective
activity. Cole and his colleagues Engstrom and Vasques (1997)
recognised the need for a sensitivity toward cultural diversity (the third
generation) where a dialogue between different perspectives of activity
theory could be established.
Theory is well established as a tradition which has been
applied in education, linguistics, anthropology, cultural research and
more recently in computer science and can be used to provide a
Activity

broad conceptual framework which can be used to describe the
structure, development and context of T. D. tasks.
Kuutti (1990) defines an activity as the fundamental context within
which human actions take meaning. Activities have motive, are
collective phenomena, have a subject - an individual or collective, exist
in a material environment and transform it, are historically developing
phenomena, develop in response to contradiction, and are realised
through the conscious and purposeful action(s) of the participant(s).
The emphases are on the transformation of activities, on their cultural
mediation in specific settings. Hasan et al (1997) describes how the
theory is applied to the analysis of dynamic problems which are highly
context dependent and involve the use of tools to support high level
human activity such as strategic decision making tasks. Scribner
describes how skilled practical thinking is goal-directed and varies
adaptively with the changing properties of the problems and the
changing conditions in the task environment (1984, p. 39).
According to activity theory the unit of analysis is an activity
composed of subject, object, actions and operation. Actions are goal-
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directed processes which must be undertaken to complete a drawn
solution to a drawing problem. These actions are conscious since they
have a goal which must be fulfilled. The actions engaged in can be
referred to as the tasks which are associated with a particular solution
to a problem. The activity has both internalised and externalised
elements and their division is artificial, 'since both are necessary to
complete the activity. The activity is mediated by the drawing
instruments which were created to control the behaviour associated
with the completion of the activity. Further, activity theory requires
that our interaction with reality should be analysed in the context of
development. Thus the activity ' involves the student and the drawing
instruments and is both internal and external at the same time. The
salient point is that the internalised and externalised activity is fused
or unified - one can not be separated from the other.
Thus, the activity of producing a drawn solution is undertaken by the
T. D. student (the subject) who is motivated towards the solution of
that problem (the object) which is mediated by tools (in this case the
drawing instruments) in collaboration with others (the T. D. community
fellow students and those who set examination questions).
teachers,
The structure of the activity is constrained by cultural factors or
conventions (rules) and social strata (division of labour) within the
context of the activity. The conditions in which T. D. activity takes
from
for
differ
in
those
the
post-primary
student
many respects
place
experienced by the modem drawing office practitioner. These
differences were clearly illustrated by the experiences of a professional
draughtsman during the initial part of this study (described later in
Chapter 3). He had successfuly completed post-primary T. D. and a
further programme of study at an Institute of Technology before
being employed (for more than a decade) by a number of civil
engineering companies. He is highly knowledgeable and skilled in the
T. D. used in industry. However, his competence in the T. D.
knowledge used in school classrooms and in the solution of
examination problems was less comprehensive. The structure of the
activity involved in the solution of T. D. problems is (obviously)
different for the classroom and the drawing office. This would appear
to support a view of cognition which is situated in the context in
which the activity is being carried out.
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Situated cognition theory builds on activity theory. It is a theory of
knowledge acquisition. Lave (1988) describes how learning, as it
normally occurs, is a function of the activity, context and culture in
which it occurs, i. e. it is situated. She argues that this is in contrast
with most of the learning activities which takes place in classrooms
where abstract knowledge taken out of context is used. She argues
further that social interaction is a crucial component of situated
learning with learners gradually becoming involved in a community of
practice which embodies certain beliefs and behaviours to be acquired.
Beginners or novices move from the periphery of this community to
its centre gradually, becoming more active and engaged with the
culture as they do so, eventually assuming the role of expert. Lave
described
(1991)
Wenger
this process as legitimate peripheral
and
participation. Situated learning is also described as being usually
unintentional, rather than deliberate with the acquisition of knowledge
from
learns
taking
the expert
the
place
gradually
as
novice
skills
and
in the context of everyday activities. Thus, the two major principles of
in
firstly,
knowledge
be
that
to
are:
presented
cognition
needs
situated
i.
in
contexts,
e.
settings and applications that would normally
authentic
involve such knowledge; and secondly, that learning requires social
interaction and collaboration.
Interestingly, situated cognition theory has been applied in the context
of technology-based learning activities for schools that focus on
Vanderbilt,
(Cognition
Technology
Group
skills
at
solving
and
problem
1993) which may be regarded as being, broadly similar to the subject
(which is technology related) and focus (problem solving) of the
investigation reported here. It has also been applied in the context of
artificial intelligence (Suchman, 1988).
This situated view has been developed further into the notion of
cognitive apprenticeship by Brown et al (1989). Learners, according to
this view, are supported in the domain in which the learning takes
place, as they acquire, develop and use the cognitive tools in authentic
domain activity. This is achieved, both in and out of school, through
collaborative social interaction and the social construction of

knowledge.
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These alternative perspectives emphasise that the actions associated
from
divorced
drawing
be
the associated
with
a solution can not
cognition in the way the received perspective separates them.

Actively using the drawing instruments leads to an implicit
understandingof the contexts in which they are used. This
interaction
the
of the
understandingcontinually changes as a result of
instruments and the contexts in which they are used. Learning and
learning
indistinct
life-long
become
results
of
a
process
and
acting
from acting in (different) situations (Seely Brown et al, 1989, p33).
This explanation of learning in (different) T. D. contexts, coupled with
in
in
individual
socially
the
engaging
participation
student
a view of
falls
2)
(1993,
further
by
Hennessy
discussed
p.
organised practices
framework
theoretical
the
characterised as
new
relatively
within
'situated' cognition.
A theory of T. D. which emphasises Lave's view of the critical nature
of the social and physical contexts in which activities that produce
The
be
drawing
to
postulated.
are
undertaken
may
problems
solutions
in
is
the context of the activities
embedded
solution of such problems
in
instruments
drawing
the
pure
act of
solutions with
associated with
in
The
which the solution
geometrical
contexts.
situation
applied
and
is prepared structures cognition (Miller & Gildea, 1987). Lave has
described everyday cognition (1977; 1988) where problem solving is
flexible
and where the solution of problems often poses
and
active
further dilemmas to which entirely satisfactory solutions may not be
is
in
Thus,
a given set of circumstances.
problem solving
possible
structured into and by ongoing activity with a variety of methods
being used, depending on the circumstances encountered. This differs
Ability
from
Spatial
the
to
solve
considerably
problem solving required
tests, which require correct, experimenter-determined answers. It is also
different from the type of problem solving which T. D. students must
carry out when solving T. D. problems in examinations.
Since perception forms a major part of the graphicacy perspective it is
interesting to note that Gaughran did not include any reference to the
work of Gibson (1966; 1977; 1979) on perception, affordances and
the ecological approach to visual perception. One of the major theses
of Gibson is that perception depends entirely upon information in the
stimulus array, rather than on sensations influenced by cognition. He
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further proposed that perception is a direct consequenceof the
properties of the environment and does not require any sensory
processingof the type Gaughran describes in support of his view of
perception. Gibson's theories were most ' well developed in respect of
the visual system (although they were intended as general theories of
perception) and recommended that instruction should emphasise the
stimulus characteristics of the environment that provide perceptual
cues. This view of perception could be adapted, it would appear, to
address issuse of perception in T. D..
What is Probeur Solving?
The received view of T. D. outlined in syllabus documentation appears
to assume that a linear form of problem solving, related to developing
spatial ability, can be taught and applied across contexts - i. e. problem
solving directly related to the space factors which can be used to
solve pure and applied geometrical problems. Scribner (1984, p. 38)
describes how the problem solving process is restructured by the
knowledge and strategy repertoire available to the problem solver.
Hennessy (1993, p. 25) argues that an approach which ignores the
context of the problem is inherently unproductive. She argues further,
that direct teaching for transfer across contexts is necessary and that
this should include training in task-specific skills, self-regulation and
awareness such as that described by Browne & Campione (1984).
Interestingly, she also argues that direct training for transfer can be
successful in facilitating conceptual development.
The notion of internalising the actions associated with progression
through the S.F. 's is consistent with Piaget's notion of formal
operations. However the constitution of visualisation, another form of
mental activity, is not so readily agreed. It (visualisation) has been
variously described as 'the process of mentally understanding visual
information' (I3ertilone et al, 1997, p. 16) 'the ability to think in three
dimensions' (Giesecke et al, 1980, p. 164), or in Gaughran's case the
manipulation of mental images of perceived or imagined configurations
between
difference
S.
F.
's.
is
There
the
amalgam
of
all
a subtle
-an
Gaughran's definition and some of the 'views of visualisation discussed
during the earlier S.A. debate. For example, French (1951) discusses
visualisation in terms of mental movement about real or imagined
configurations. This equates with Gaughran's S.F. 3, mid-way through
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the developmental hierarchy. Gaughran would describe this form of
mental activity (when isolated from the hierarchy of S.F. 's - if that is
possible) as 'spatialising', a far less complex mental activity to the
abilities associated with S.F. 's 4 and 5, where the ability to mentally
rotate or alter configurations has developed. Spatialising, would appear
to be related to concrete operational thinking, where the student is
essentially still thinking in terms of actual movement about a
configuration. She/he is therefore, not engaged in formal operational
thought. The differences between the definitions alluded to above are
subtle but significant. There is agreement (e.g. Bertilone et al, 1997;
Giesecke et al, 1980) that it is very important for students to be able
to visualise, in the absence of a clear definition of what visualisation
actually is. In this context, it is worth noting that as recently as 1996
Gimmestad Baartmans and Sorby published a book on 3-D spatial
visualisation for undergraduate. engineering students in which the nature
of visualisation is defined only in terms of its usefulness in various
engineering and architectural endeavours.' To define it in terms which
relate solely to the development of S.A. can therefore, be seen as a
convenience from the received perspective of T. D., and or as a major
deficiency in terms of the study of the nature of T. D. where its
significance is universally accepted.

What of T.D. Knowledge?
By emphasising those aspects of graphicacy associated with S.A.
development the received view of T. D. effectively de-emphasises the
nature and use of knowledge associated with the subject. It is worth
noting that the T. D. syllabus makes several references to knowledge
and indeed that the whole programme is organised around the
knowledge associated with the topics dealt with while learning,
development and problem solving are discussed only in relation to the
development of graphicacy. Theoretical perspectives of other postprimary subjects based on views of knowledge have already been
developed and the basis for a view of T. D. from a knowledge
perspective is outlined next.
Technical Drawing:

A Knowledge

Perspective

Although other theoretical perspectives on learning, development and
problem solving have gained widespread currency, the 'graphicacyWilliam P. Bolger M7137754
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Piagetian cognitive- constructivist perspective' advanced by the
Department of Education and Science is the one which is currently
used to inform practice in Irish post-primary classrooms. Alternative
theoretical perspectives of learning and development, most notably
those of Bruner (1966 and 1968 for example) and Vygotsky (1962
and 1978 for example), which can address the same issues have been
generally ignored by those who have been charged with the
development of subject syllabi in Ireland since the implementation of
the new T. G. syllabus in 1990. These alternative views, for example
activity theory and situated cognition described earlier, tend to
emphasise the importance of the social and cultural aspects of the
interaction between the mature and immature (the teacher and the
student in the classroom context) above the mental activities associated
with development from a constructivist perspective. The received view
of T. D. and other alternatives however, are not of necessity, mutually
exclusive. Cobb (1994) for example, contends that 'self-organisation
and enculturation into established practices' (p. 13) are complementary
perspectives and that we should not be forced into making a choice
between cognitive constructivist and sociocultural perspectives. In this
context, in my view, the singular approach to the syllabus adopted
officially may be viewed as inadequate since there are other
complementary perspectives which are either overlooked or ignored.
Selecting and using one theoretical perspective to address issues which
may equally be addressed by others (or in conjunction with others) is
less than satisfactory when the effectiveness of the alternative views
has not been explored. Therefore, in order to understand the T. D.
domain more fully, I would argue, it would be advantageous to
examine other alternative explanations of how learning, development
and problem solving may occur.

As in Gaughran's case, my own views on
the importance of social interaction in teaching and learning,
literature relating to problem solving in terms of knowledge
use,
the debate on the ability of T. D. to effect S.A. development,
and
the difficulties associated with making assumptions based on
observed behaviours in the received view that I was
encountering on a daily basis in the T. D. classroom
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have all come together to prompt the research reported in the
following chapters. Knowledge is regarded as a major factor to be
considered in issues related to learning and instruction (deJong and
Fergussen-Hessler, 1996, p. 105) and therefore, a view of T. D.
formulated around its definition and use, would be very beneficial in
helping us understand aspects of T. D. (for example learning and
problem solving) that, in my view, the -received view does not
adequately describe or explain. Glaser's views of the importance of
domain knowledge in problem solving give some insights into how
such a view for T. D. might be formulated (1984, p.97).

The knowledge associatedwith T. D. is referred to in the syllabus
document. The course is viewed as one which
provides the students with a body of knowledge [... ] in topics
which are appropriate and meaningful in a technological
world. (Rialacha & Clar, 1994, p. 192)
Part 1 of the programme (Plane & Solid Geometry) contains 'topics
requiring conceptual knowledge of a purely theoretical form' while Part
2 (Building Applications) 'emphasises the role of T. D. as the language
interesting
involve
topics
technology
and
contains
of
which
varied and
applications of the type of problem encountered in modern technology'
(Rialacha & Clar, 1994, p. 192).
Although the nature of knowledge associated with T. D. is not
specifically defined in the T. D. *Syllabus, there are references to
knowledge which may be regarded as procedural where the aims of
the programme to 'develop problem-solving as well as the physical
skills of manipulation and dexterity' (Rialacha & Clar, 1994, p. 192) are
clearly identified. The introductory section also identifies 'conceptual
knowledge of a purely theoretical nature' (p. 192) in respect of Part 1
of the programme, where Plane & Solid Geometry is described in
detail. Thus, the types, levels and qualities of knowledge discussed by
McCormick (1996), deJong & Fergussen-Hessler (1996), Stevenson
(1994), Gott (1988), and Schoenfeld (1985), among others, is outlined
in the official documentation which details the received view of T. D..
This knowledge is not however; defined in explicit terms. One reason
for this, I contend, is that T. D. in Ireland is now thought of only in
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terms of the received view. The received view has become, in
metaphorical terms, the vehicle through which any alternative tenor is
explained (Sfard, 1997, p. 341). Thus, any alternative view of T. D.
which is proposed is thought of in terms of the current received
views.
Procedural

Knowledge

A simplistic manner of discriminating procedural knowledge in T. D. (as
outlined in the syllabus) may, for example, contend that much of the
drawing that is done, in the physical sense, is procedural in nature.
Thus, when what is required to complete a drawn solution is known,
the construction of the drawing on the board in incremental stages is
procedural - how to do it knowledge (McCormick, 1996, p. 2).

However, all procedures are not the same- there are different levels of
complexity. These levels are discussed by Stevenson(1994, pp. 13-14)
who identifies three orders-the first is automatic and addressesknown
goals. For example, when students are presented with a table of
from
which the projections of intersecting planes or skew
co-ordinates
lines must be drawn. The second allows the achievement of unfamiliar
goals using specific procedures. For example, when students draw an
auxiliary view. The third order allows cognition to be switched
between the former two. For example, when students draw the
projections of solids in contact before introducing another solid which
must be placed in a specific position. deJong & Fergusson-Hessler
(1996, p. 107) discuss these levels in terms of deep and surface
knowledge with the implication that deep knowledge is better than
surface knowledge. McCormick (1996, p. 5) emphasises that recognising
that such levels exist, is more important than precisely identifying the
levels themselves. From the T. D. students perspective, access to
procedures at all levels may (will) be required in the preparation of
graphical solutions to problems at Leaving Certificate level and
students therefore, must learn (and be taught) to use simple and/or
complex procedures to complete adequate drawn solutions to address
the problems they will encounter as part of their T. D. programme.
This may be achieved, to. a certain degree, in the absence of student
understanding of the concepts associated with the problem or its
solution. The use of simple specific procedures, for example when
constructing a drawing of two intersecting planes from co-ordinates,
can be learned very early in a T. D. programme with students
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producing appropriate orthographic projections of the planes without
the concepts associated with this specific procedure and resulting
drawing, being accessible to those operating on a procedural level
only. The same may be true for procedures at the different levels
described above.
From a knowledge perspective, problem solving in T. D. may be
regarded as a particular form of procedural knowledge which is
employed in particular sets of circumstances, i.e. particular procedures
which lead to the production of appropriate drawn solutions when
T. D. problems on specific topics are posed in particular ways.
Problems can be classified as either 'well-structured' or 'ill-structured'
(Biehler and Snowman, 1997, p. 374). Well-structured problems are clearly
stated and can be solved by the application of specific procedures, or
algorithms. These types of well-structured problems also fit Barnes'
(1989, p. 78) description of tasks, as activities where one knows exactly
in
do
to
a given situation to get a required result. The question
what
of whether such problems are problems at all then must be raised.
Ill-structured problems are more complex, provide fewer cues to the
procedures required to complete solutions and have less definite
criteria to determine whether the solution is adequate. Only small
portions of Higher Level of T. D. questions could be described in this
do
know
(immediately) the course of
In
such
cases
students
not
way.
is
61).
1989,
(Andre,
to
the
p.
needed
complete
solution
action which
Problem solving in T. D. at the Higher Level may then be described
as the application of knowledge that results in the attainment of a
satisfactory solution to ill-structured problems - deJong &
Fergusson-Hessler's strategic use of knowledge (1996, p. 111).
However, if similar ill-structured problems appear on examination
papers in successive years teachers will have devised procedures that
will allow the students to develop appropriate solutions, turning what
was an ill-structured problem when it first appeared into a task, not a
well structured problem. Previous experience of solving well- or
ill-structured problems is a major discriminating factor in determining
how students bring their knowledge to bear on a particular situation
which must be addressed. (Hennessy, 1993, pp. 1-41). As I will show
later, conceptual knowledge is crucial in this discrimination.
Thus, in T. D. examinations students are presented with a problem,
which requires the execution of particular procedures at various levels
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to produce a drawn solution which is regarded as appropriate. Each
question, on each topic, has a number of procedural approachs which
lead to the production of an appropriate solution. There is no general
problem solving strategy required. There may be similarities between
the procedures employed in the different topic areas but success in the
solution of questions within a topic area depends on the student
developing a level of expertise in the use of procedures associated
with the particular contexts - i. e. there is no set of procedures which
can be used in each of the fourteen geometric areas of the T. D.
examination, there is no general problem-solving strategy (see
McCormick, 1996, pp. 5-6 for a discussion of such strategies). There
are however, procedures which may be employed when something
unfamiliar appears in an examination question which may prove useful
in the formulation of a solution without guaranteeing success.
Students therefore, need to be 'familiar with a broad range of general
problem-solving techniques' called 'heuristics' by Schoenfeld (1985, p12).
These are more generally defined as rules of thumb, which prompt
strategic action in particular circumstances. Rules of thumb help the
student to identify instances where a particular construction is
appropriate. Students often however, experience difficulty in the
transfer or application of these rules. Prawat (1989, p. 4) discusses how
the pervasion of 'access failure' is cited. in studies of problem solving
as the major cause of poor performance. In T. D., where the
application of geometric principles forms a major part of the
programme, this transfer problem where it occurs, may be regarded as
a major deficit in student knowledge. Others, for example Greeno and
Riley (1987, pp. 289-313) would argue that it is the transfer metaphor
which is deficient and not student knowledge. It is a problem which
may persist (McCormick, 1996, p. 14), possibly because particular
constructions are associated with the original situations where they
were encountered (Meadows, 1993, p. 81). For example, the 'planes
method' used when finding the horizontal distance between two skew
lines is often not recognised by students as the same construction that
is encountered in mining application problems. This may aso be
viewed as student knowledge being less well structured (deJong and
Fergusson-Hessler, 1996, p. 108) than expert knowledge. Thus, for
students to gain maximum benefit from knowledge of rules of thumb
the situations where they may be appropriately used must be clearly
outlined (Schoenfeld, 1985) for them.
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Declarative

Knowledge

The notion of a body of knowledge independent of those involved
(Hoyles, 1989, p. 121) in teaching or learning T. D. is, I believe implicit,
in the T. D. syllabus. The texts commonly associated with T. D. outline
principles and methodologies associated with the subject in minute
detail and are primarily concerned with providing the students with
geometric resources in the sense described by Schoenfeld (1985)
covering all relevant principles, ' rules, constructions and conventions for
the programmes they are designed to serve. This type of knowledge
may be viewed in terms of facts concerned with T. D. and as such
could be categorised as declarative knowledge as described by
Anderson (1990). These facts relate to particular geometric topics and
as such may be regarded as unrelated, except insofar as they are all
geometric facts.
This selection of texts is extensive, and numerous volumes have been
published in Ireland in recent years. These include works where topics
related to the Junior Certificate and Leaving Certificate Syllabi are
covered by Hogg (1985), O'Broin (1986 and 1991), O'Callaghan
(1991 and 1996), O'Connor (1991 and 1997), Curtin & Curran (1993),
and Gaughran (1992 and 1996). When used in the classroom (many
T. D. teachers use these texts for personal reference only) these can
contribute to the development of students' geometric resources and/or
for
Many
those
reference
material.
act as
volumes are also available
who wish to follow more advanced programmes in Plane & Solid
Geometry. For example, the work of Abbott (1929) has been used as
standard text by T. D. teachers in Ireland for generations while a
similar text by Giesecke et at (1980) has enjoyed similar popularity in
the United States. More modem texts such as that by Bertilone et al
(1997) which contain chapters dealing with modern architectural and
by
drawing
becoming
used
widely
engineering
office practice are
more
those more experienced in the domain.
These texts deal with topics from ' Plane and Descriptive Geometry
(required by the T. G. Syllabus, 1990, p. 7) in a graded format with the
by
followed
beginning,
governing principle usually outlined at the
These
difficult.
from
constructions which progress
simple to more
constructions are dealt with individually and it is only when they are
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appropriately linked by the student that they develop as conceptual
knowledge. This may be viewed as gradually introducing the student
to a store of geometric 'resources' (Schoenfeld, 1985, p. 12) to utilised
in the context ' of solving problems related to topics on the syllabus.
However, in the absence of specific instructions concerning the
relationships between the items of knowledge or appropriate
procedures to be employed in particular circumstances, this form of
knowledge on its own is less than useful when geometric problems
are encountered. Indeed, the sheer volume of constructions and
principles may impact negatively on the students when faced with the
circumstances of a particular problem. These texts may be viewed as
containing a form of geometric knowledge which is inert and is
therefore, of little benefit to the T. D. student. Knowing these facts
without being able to identify the relationships between them across
topic areas, or operationalise them into appropriate procedures is of
no benefit to the problem solving described above in terms of the use
of procedures.
The presentation of these texts would benefit greatly therefore, from
alterations which emphasise the relationships between related
constructions and identify appropriate specific and strategic procedures
together with rules of thumb which would 'facilitate both knowledge
acquisition and utilisation' (Prawat, 1989, p. 3).
Conceptual

Knowledge

Conceptual knowledge is viewed as being on the higher end of a
continuum from declarative knowledge. The meanings attributed to a
drawing by the one who makes it or by the one who reads it is
however, of a conceptual nature since the relationships which link
items of knowledge may be understood only in respect of the
concepts represented (McCormick,

1996, p. 2).

The meaning which an expert in the domain can immediately attribute
to a drawing of the planes mentioned above for example, is not
immediately accessible to a novice who, having learned a simple
because
drawing,
but
she/he
procedure can produce an appropriate
lacks 'conceptual understanding' (McCormick, 1996, p. 3) does not
distinguished
has
its
Just
Hiebert
(1986)
understand
significance.
as
between procedural and conceptual knowledge and the role each plays

William P. Bolger - M7137754

44

in learning in Mathematics, similar roles for procedural and conceptual
knowledge can be identified for T. D.. Whereas earlier studies of the
nature and use of knowledge has separated procedural and conceptual
knowledge it should be noted that more. recently (for over a decade)
the focus has been 'on the relationship between the two' (E819 Study
Guide, p. 67) rather than on the differences between them. This recent
trend of examining the relationships between procedural and conceptual
can usefully be pursued in studies into the knowledge associated with
T. D.. This is the case because it is very difficult to isolate procedures
used in T. D. which are solely procedural and without a conceptual
content. Similarly, in order to produce an adequate drawn solution to
a T. D. problem the concepts associated with it can only be
represented in a drawn solution following the execution of the
Concepts
in
the
associated
are
embedded.
procedures
which
concepts
and procedures do not appear in isolation in the drawn solutions
which the students produce.
Seely Brown et al (1989, p. 33) have written about concepts in terms
of being 'both situated and progressively developed through activity'
it
is
'abstract,
I
think
therefore,
useful
self-contained entities'.
and not
in the case of T. D. to think of concepts in this way since they are
developed, I would argue, through student engagement in the activity
associated with the preparation of. drawings where procedures and
concepts may not be easily, or usefully, separated.
Thus, when students are faced with questions from Ordinary Level
T. D. papers for example, questions whose content varies little from
year to year, the tendency is to view the preparation of the solutions
as procedural only because the questions have been framed to allow
the use of procedures which have been practised many times in
classroom tasks (see Barnes, 1989, p. 78 for a definition). The
completion of such procedures in the examination is sufficient to
satisfy the problem solving requirements for assessment purposes,
is
the
the
of
procedures
whether
completion
concepts associated with
'questions
have
Higher
Level
T.
D.
to
tend
a
also
understood or not.
strong procedural emphasis in which there is an embedded conceptual
content, but completion of a full solution is usually not possible unless
the student can display a knowledge of the concepts associated with
the topic. These concepts then have a procedural element. The
procedures needed to do this are net necessarily complex, but the
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level of understanding required to guide their use requires more than
the procedural content, i. e. if the student can not recognise the
relationships between the items of knowledge needed to address the
be
in
then
the
not
may
question
appropriate procedures
problem
executed.
In order to facilitate conceptual understanding of Plane & Solid
Geometry teachers often use solid or pictorial models of the two- and
three-dimensional configurations and mechanisms such as hatching and
in
lost
the
the
three-dimensional
to
qualities
shading
recover some of
two-dimensional drawing on the drawing board (see Gregory et al,
1995, p. 149 for a discussion). This helps students to 'accurately
276)
1989,
Ward,
(Coren
three-dimensional
p.
of
the
and
nature'
perceive
the configuration in its absence and thus, the two-dimensional
representation of an object or configuration acts as an aid to
(1970)
imagined
itself.
Vernon
the
or
object
real
visualisation of
hatching
drawings
that
of
restores some of their
and
shading
argues
three-dimensionality and makes their interpretation easier. This is
because three-dimensional drawings are more primitive and easier to
That
twotwo-dimensional
their
than
counterparts.
understand
dimensional drawings act as an aid to understanding real or imagined
two- or three-dimensional configurations is a view of visualisation
been
has
different
is
to
the
not
received
one,
and
one
which
which
sufficiently explored.
Metacognition
The notion of metacognition includes both procedural and conceptual
knowledge and self-regulatory mechanisms (Duell, 1986 cited in
McCormick, 1996). Meadows describes this as 'reflecting upon one's
own knowledge (or lack of knowledge) in respect of what may be
required to solve the problem' (1993, pp. 78-79). Self-regulation
involves planning, checking outcomes of strategies, evaluating and
revising strategies. Self-regulation strategies, if they are to be learned
by the student, require specific treatment by the teacher, since only by
teaching when and how to employ specific procedures can strategic
knowledge be developed in the student. This is particularly so when
strategic knowledge is to be transferred to new situations
(McCormick, 1996, p. 6). Schoenfeld (1985) describes how when
teaching mathematical problem solving, he encouraged his students to
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ask themselves questions continually about what they were doing, what
they were trying to achieve and what they would do next until the
questions were internalised and led to improved student performance.
Visualisation

From a Knowledge

Perspective

From a knowledge perspective, visualisation, may be viewed as a form
of knowledge with which the student uses her/his procedural and
conceptual knowledge of the topic being dealt with, together with the
drawings of the solution as they are constructed, stage by stage, in
knowing
by
further
is
in
It
to
action.
of
effect,
a
way
order
suggest
looking at the drawings already completed, what procedural and
conceptual knowledge needs to be used to construct an appropriate
solution. In this way visualisation could be compared to a
metacognitive or control function which encompasses self-regulation.
However, what distinguishes visualisation is its association with the
drawing under construction. It is not solely knowledge about cognitive
resources (procedural and/or conceptual) or about when it is
appropriate to switch between them. It is knowledge inextricably
linked to the action of constructing the drawn solution.
Indeed students often use their partially constructed drawings to
dictate their approach toward completing a solution where knowledge
relating to the topic is deficient in some way. Thus, rather than being
solely in the head, visualisation is rather, inextricably linked to the
actions of making the drawings on the board. It can therefore, be
dealt with specifically by the T. D. teacher and learned by the T. D.
student in the classroom.

These comparisonscan be made across all the topics in which
students are examined in the Leaving Certificate Examination in T.D..
Conclusion:

The Need to Explore a Knowledge

Perspective

In the literature review I have outlined the received view of learning,
developmentand problem solving within the T.D. domain based on the
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received graphicacy - Piagetian rationale for the subject from official
literature. This received view emphasises the development of the
mental abilities associated with the development of spatial ability
described by Gaughran and a staged view of human development as
outlined in Piaget's theory. Thus the Department of Education and
Science views T. D. from a cognitive constructivist perspective where
student learning and development is seen in terms of development
through an hierarchy of space factors which leads the student from
concrete to formal operational thought and to the development of
spatial ability. Development is associated with the notion of readiness
and progression is via an hierarchical structure. Problem solving is
viewed as the ability to mentally visualise and manipulate images of
configurations within a formal operational structure.

I have also outlined what I perceive as difficulties with this received
view, namely its reliance on particular theoretical and methodological
perspectives,in an educational context where other theoretical
perspectives also exist, and which could serve to enhance our
understanding of the domain. These difficulties serve to prompt
research into alternative explanatory perspectives.
An alternative knowledge perspective is also outlined. Although a
knowledge approach has been adopted in the study of other postprimary subjects there has not been any research of this nature
undertaken in the T. D. classroom. Research into student competence in
the T. D. domain (of which there has been very little at post-primary
level in Ireland or anywhere else) has centred on addressing the
relationship between developing S.A. and problem solving
competencies. The relationship of students use of procedural,
declarative and conceptual knowledge to, their effectiveness in terms of
solving two- and three-dimensional T. D. problems has received no
attention and consequently little. is known of students use of
knowledge in T. D. problem solving. This is an important deficit in our
understanding of T. D. since we know that changes in knowledge of
domain-specific content may underlie changes attributed to the growth
of capabilities (Siegler and Richards, 1982) in a domain0
It is my view that T. D. teachers emphasise many aspects of the
alternative theories (described earlier) which could be applied to T. D.
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in apparent contradiction of"the graphicacy perspective. For example,
they emphasise

"
"

learning in social contexts,
the socio-cultural and social-constructivist aspects of classroom
interaction,

accessto. domain resources for use in appropriate contexts, and
the strategic use of procedural and. conceptual knowledge to
addresswell- and ill-structured T.D. problems presented in
written or graphical form to agreed standards.
The received description of how students become, and act as problem
solvers in terms of the received view is inadequate since it makes
assumptions based on observed behaviours. A view of T. D. focused
on knowledge seems an equally valid approach in explanatory terms,
but one which required some investigation.
Thus, the literature review undertaken here highlights the prevailing
views on T. D. while outlining an alternative approach which needs to
be investigated in order to provide a more complete view of all
aspects of the domain. The process of addressing the issues of
student development in the T. D. domain, detailed analysis of the types
knowledge
learning
levels
the
grounded
of
associated
with
subject,
and
in the activity associated with T. D. and its social context, and the
nature of problem solving are addressed by the study detailed in the
following chapters. The emphasis of the study reported in the
following chapters is on the relationships between the various types of
knowledge. Unlike the work in the graphicacy area reviewed earlier,
some of which was not. related to T. D. in (or out of) the classroom
context, the work reported in the following chapters involved students
in naturalistic classroom situations, working on everyday tasks with the

minimum disruption of day-to-day classroom routine.
Defining

the Focus of the Research

The research that has influenced T. A. has been focused on views of
general development from 'a cognitive constructivist perspective. It also
incorporates views of spatial ability development. It is somewhat
surprising that students use of different types of knowledge, the
relationships between their use, and students effectiveness in problem
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solving using knowledge in., T. D. has received no attention from
researchers (although it has received attention in other subject areas).
As a consequence of this lack of research, little is known about how
knowledge use relates to how students solve T. D. problems. Indeed,
procedural and conceptual knowledge are not specifically defined in
any official documentation relevant to the Technical Drawing
programme, although elements of the programme which may be
regarded as procedural and conceptual are alluded to in the Syllabus.

Thus, the research reported in the following chapters was designed to
address these deficits.
The introduction to the T. D. syllabus describeshow the course sets
out to develop problem solving in two- and three-dimensions.Problem
solving is viewed as important, possibly, becauseof T. D.'s association
with other technological subjects and hence, 'the technological method'
(Murphy and McCormick, 1997, p. 1).
Athgough the syllabus envisages two distinct types of 'problem', those
of a purely theoretical nature relating to plane figures and geometric
solids, and those involving the use of geometric principles to address
technological problems, I have already noted that the 'problems' which
in
the T. D. examination may only be tasks.
solve
students must
Thus, the development of students' problem solving, as I have aready
noted, is central to the aims of the T. G. and T. D. programmes.
Currently, problem solving is located in the graphicacy tradition and a
cognitive constructivist perspective. As a possible alternative to the
received view of T. D. the knowledge perspective allows students'
problem solving to be approached from (at least) three directions 1.

how do students operate. procedurally,

2.

how do they link items of knowledge- how they
conceptualise,and
how do they inter-relate procedural and conceptual

3.

knowledge when drawing *solutions?
Exactly how students become good problem solvers is not clear from
the received rationale for the subject. From research into other
(somewhat related areas of the curriculum) it appears that the inter-
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relationship of students' use of procedural and conceptual knowledge
plays a significant role in the development of problem solving skills
within any domain. Whatever form the development of students
problem solving abilities takes, in the received wisdom, its importance
lies in its facilitation of spatial thinking. *Whether this takes the form
of internal graphical discussion and reflection on the concept of space
and all it holds from the cognitive constructivist perspective - similar to
Vygotsky's 'speech for oneself (Britton, 1989, p. 211) in the language
domain or to Piaget's 'formal operations' (Donaldson, 1987, p. 139) or
through the inter-related use of knowledge and the action of drawing
is a question which needs to be addressed. Similarly, a distinction
must be made between knowledge which is constructed through 'selfdirected problem solving' (Wood, 1988, p. 5) i. e. problem solving to
learn from the constructivist standpoint and through social interaction
in the classroom
how
learn
to problem
taught
students
are
and
-where
solve in a given subject area.
At this stage I had identified a large number of questions related to
the nature of procedural and conceptual knowledge and their interrelationship. The existing views on learning and problem solving were
grounded in a constructivist view, one in which the role of the
teacher is limited to facilitating learning by providing an appropriate
learning environment for the student. This viewpoint appears to limit
the importance of instruction, contingent control of learning and the
perfection of self-regulation during social and instructional interactions
discussed by Wood (1988, pp. 9-10) and others. I felt these were
specific areas worthy of study related to a knowledge perspective of
problem solving.
Thus, the title for my research study was formulated The Inter-Relationship of Procedural and Conceptual Knowledge
in Two- and Three-Dimensional Spatial Problem Solving
of Technical Drawing Students'.

Thus, the study reported here was designed specifically to examine the
following questionshow are procedural and conceptual knowledge defined for
T. D.?
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2.

what is known about how T. D. students use procedural and
conceptual knowledge?

3.

how is spatial problem solving defined and how does it
develop in students?

4.

is there a connection between T. D. students use of procedural
and conceptual knowledge and their effectiveness as two- and
three-dimensional spatial problem solvers?
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Chapter 3
Methodology

Methods
and

Introduction
As outlined in Chapter 2., The Department of Education and Science
in Ireland proposes a cognitive constructivist perspective of learning,
development and problem solving in T. D. for students in junior and
senior Cycle in Irish post-primary schools. Official literature emphasises
internalised mental activity associated with Spatial Ability and problem
solving is equated with the development of the space factors which
constitute it. The research which led to the development of current
view of the subject can be located methodologically within the
`positivist paradigm' (Denzin and Lincoln, 1994, p. 13). It relies heavily
on experimental models of generating data in contrived situations and
on statistical analysis.
The developing views on the nature of spatial ability were then used
in conjunction with the theory of development espoused by Piaget
(e.g. 1952; 1957) to define a coherent rationale for T. D.. Piaget's
theory was used, I believe, because it offered explanations of staged
development, where student behaviour could be retrospectively linked
to learning which was assumed to have taken place and because the
methodologies employed by Piaget in the generation and analysis of
data had some congruence with the spatial ability research.
Whatever personal views other teachers hold in respect of the official
cognitive constructivist philosophies their operation in classrooms
(based on my experience) emphasises the importance of the social
interactions, the context in which drawn solutions to problems are

made, and T. D.-specific knowledge.
T. D. knowledge has traditionally been thought of in terms of the
constructions associated with plane and descriptive geometry. However,
in my view, this underestimates the role of such knowledge in
students' learning, development and problem solving. Unlike the
received view of knowledge, I am proposing a view of its
development on an interpersonal social level first, in transactions
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between the teacher and the student (Rogoff and Lave, 1984, p.4) prior
to its appearance on an intrapsychological internal level (Vygotsky,
1978, p. 57 and Wertsch, 1985), all the while being mediated through
the use of drawing instruments at the drawing board. This mediation
through the use of instruments in the process of making drawn
solutions is similar to what Vygotsky described as 'activity theory'
(1978, p. 40). My experience of T. D. classrooms suggests that there is
a dichotomy between the theory used to guide the subject and the
practice of teachers in the classroom. If this practice is effective, in
terms of facilitating student learning, questions must be asked about
whether the received view can adequately explain the processes of
learning, development and problem solving which it advocates.
In order to inform practice we must first understand it more fully,
before trying to change it. When the senior and junior post-primary
syllabi were last changed, in the mid-1980's and 1990 respectively, no
attempt was made to critique the vocational philosophy which was
being discarded or to assess or justify the necessity for change.
Therefore, the possible classroom implications of the philosophical view
that was introduced was not assessed. There was a dearth of research
into technological subject areas at the time which could inform such
an assessment. It is not surprising that the research that would inform
the new T. D. syllabus was sourced outside educational settings where
spatial ability theories were already well established. One of the main
issues arising from the introduction of a rationale for T. D. which
placed such a great emphasis on spatial ability was that the problem
solving involved in tests to assess spatial ability development is
considerably different to that encountered in the T. D. classroom.
The general Aptitude Tests used in Ireland today (e.g. those
developed by the Psychological Corporation, 1990) have sections
devoted to Abstract (pp. 17-22) and Mechanical Reasoning (pp. 28-39),
and Space Relations (pp. 40-51) similar in many respects to the tests
used early in the debate. Subjects are presented with problem and
answer figures. Each problem figure is accompanied by a series of
answer figures from which the subject must select an answer. The
figures
be
by
if
four
(e.
correct selection may
made
answer
chance
g.
are given to a problem figure there is a 25% chance of randomly
selecting the correct answer figure) so there is an element of
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inaccuracy present which must be considered when assessing test
be
directly
but
Gaughran's
they
tasks
can
results.
are very similar
related to his definition of the Space Factors which constitute spatial
be
describes
how
He
tests
applied to each
can
a variety of
ability.
S.F. and how it is regarded as advisable to use a selection of these
(abstract)
development.
Solid
their
models
and
pictorial
assessing
when
of the figures or configurations are also used during the testing
Visual
Perception
These
to
and
are
as
aids
regarded
process.
Perception. The complexity of the tests reflects the hierarchical nature
of the spatial ability sub-factors.
When tasks are successfully completed the subject is assumed to be
thinking in a particular way- i. e. inferences about the state of
development of spatial ability are based on the nature of the solutions
the student identifies. Similarly, failure to identify appropriate solutions
is regarded as indicative of deficiencies in the development of
particular S.F.'s.
Efforts are made to apply this type of reasoning to tasks which
students undertake in the T. D. classroom and examinations although
few similarities appear to exist between tasks undertaken in the
different contexts. For example, the tasks used to assess S.F. 's are
i.
in
format
defined
terms
their
solution
of
and
very well
- e. they are
have
in
way
and
a particular correct solution,
a
particular
presented
one which the student must identify, not construct. Students are aware
that the solution to the problem lies in the answer figures that are
supplied - it is a matter of selecting the correct one. These tests are
completed by individual students in test situations, i. e. they are not
is
No
be.
'normal'
tasks
made to
effort
classroom
might
carried out as
render the activities associated with the tests personally meaningful or
purposeful in the manner authentic activity is described by Murphy &
McCormick (1997, p. 2) where knowing, doing and participating in the
ordinary practices of the culture are emphasised. The received view of
T. D., based largely on such tests, may therefore, be regarded as
deficient in many ways.
While the school T. D. community which students are learning to
become participants in is relatively well defined the broader T. D.
community encompassing those involved in Engineering, Building and
other technologies is less clear. Schools have difficulties in respect of
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but
T.
D.
from
broader
these
this
of
practitioners
separation
community
by
by
the
solving
advocated
are compounded
perspective of problem
the received graphicacy perspective, where problem solving is
disassociated from activity. Although there are major differences
between the practice of T. D. in classroom and industrial contexts a
knowledge perspective of the types of activities which take place in
'normal' T. D. classrooms constitute, I would argue, a more appropriate
basis for a theory of T. D. which can be related to both T. D.
communities.
The research which is used to guide T. D. as a subject should be
be
in
this
much
would
carried out
naturalistic classroom settings, since
be
T.
D.
likely
to
theory
reconciled with
can
generate
a
which
of
more
in
is
because
D.
This
T.
teachers
the
a
are
case
classroom practice.
position to design authentic classroom tasks which will progressively
lead to student enculturation into the school T. D. community (Lave,
1992, p. 85). This is achieved by explicit teaching of problem solving
procedures through interaction and discussion with students (Murphy
and McCormick, 1997, p. 5). A theory grounded in classroom activity
is much more likely to advance our existing knowledge and
understanding of the subject in ways which the received philosophy
generated using positivist methodologies could not. The study reported
here seeks to determine what the meaning of T. D. is for one of the
main group of actors - the students in the classroom. Student activity
was observed and their explanations for these activities recorded. This
is important since the subject may not be fully understood if viewed
exclusively from any particular perspective - for example, the T. D.
teacher or policy maker. Thus, the study undertaken here seeks to
begin the process of formulating a possible alternative theory by
addressing two of the issues identified above - the context in which
students prepare drawn solutions to problems and their use of
knowledge in doing so; i. e. problem solving for T. D. at the drawing
board in the T. D. classroom. The study also includes detailed analyses
of the types and levels of T. D. knowledge and the nature of problem
solving used when constructing solutions to T. D. examination questions
in naturalistic classroom settings.
The social interaction involved in teaching and learning in a T. D.
classroom is an issue which warrants separate study with a singular
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focus. As such, it was too large an issue to be addressedin a study
of the scale described here.
My Methodological

Approach

All researchers are philosophers in that `universal sense in which all
human beings [... ] are guided by highly abstract principals' (Bateson,
1972, p. 320). These principles combine beliefs about ontology (what
is the nature of reality? ), epistemology (what is the relationship

between the inquirer, and the known?) and methodology (how do we
know the world or gain knowledge of it?). These beliefs shape how
the researchersees the world and acts in it. The ontological,
epistemological and methodological beliefs of a researcher may
therefore, be regarded as an individual paradigm or interpretative
framework, a `basic set of beliefs that guides action' (Guba, 1990,
13-14)
is
(1994,
it
Denzin
Lincoln
17).
So
pp.
with
my
work.
and
p.
describe four interpretative paradigms which structure qualitative
research: positivist and post-positivist; constructivist-interpretive; critical;
four
They
describe
how
feminist-poststructural.
these
general
and
also
paradigms become more complicated at the level of concrete specific
interpretative communities. The final three paradigms, alluded to above,
work against and alongside (and some within) the positivist and postpositivist models. They all work within relativist ontologies (with
multiple constructed realities), interpretative epistemologies (with the
knower and the known interacting and shaping one another), and
interpretative, naturalistic methods. Each also has its own set of
assumptions, criteria for evaluation and typical theoretical statements
which are identifiable as being consistent with the particular paradigm.
So it is with my study.
The study described in the following chapters could broadly be
described as falling within the constructivist-interpretive paradigm. A
relativist ontology is assumed (there are multiple realities); as is a
subjectivist epistemology (where the knower and the subjects create
understanding); and a naturalistic (in the natural world) set of
methodological procedures are adopted. The findings are presented in
terms of the criteria of a grounded theory (Strauss and Corbin, 1990)
and terms such as credibility, transferability, dependability and
confirmability replace the usual positivist criteria of internal and
external validity, reliability and objectivity.
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Although the methodological philosophy which guides the study can be
defined in terms of the constructivist-interpretive paradigm mentioned
above with its origins in the 1920's, it may also be regarded as
practitioner research, a relatively new recruit to the many traditions of
educational research. Practitioner research has its origins in the teacher
researcher movement of the 1970's that focused on curriculum
research and development and the critical appraisal of classroom
practice using action research (Stenhouse, 1975; Open University, 1976).
This type of research, undertaken in educational institutions, often by
the teacher in her/his own classroom, is focused on teaching and
learning, and its main purpose is to improve practice. This form of
research is also intended to develop the professional judgement and
expertise of the teacher engaging in the research process. In order for
this to take place the teacher researcher must be committed to
developing her/his self-awareness viz a viz values, preconceptions and
tacit pedagogic theories. There must also be a commitment to reflect
honestly on her/his behaviour and to share these reflections with
sympathetic colleagues. This is not an easy undertaking but the
benefits derived from developing habits of critical self-reflection makes
an enormous contribution to the teachers self-confidence and
professional expertise. There have been many trends in action research
(e. g. Elliot, 1981; Kemmis and McTaggart, 1981) but I do not wish to
be associated too closely with any one of them -mine is a more
eclectic approach. My research was not strictly action research, since I
was not studying the effect of making changes. However, like Bassey
(1990, p. 35), I view the purpose of carrying out my research as an
attempt to make some claim to knowledge - to show something which
was not known before, following a systematic, critical and self-critical
investigation in my own classroom.
This kind of research was necessary for a number of reasons. Firstly,
the research on which the rationale for the T. D. syllabus is based was
conducted under a positivist paradigm that had particular views of
learning, development and problem solving. As I have outlined in
Chapter 2, the current rationale may be regarded as incomplete in its
description and explanation of the activities associated with T. D..
Alternative theories, developed for other subjects, may offer a fuller
description and explanation of the activities associated with T. D.. The
research reported here is an effort to develop some of these
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alternative theories into a perspective of T. D.. Secondly, the research
which is currently used to guide T. D. was conducted (almost)
exclusively outside the classrooms which it has come to influence so
profoundly. Experimental tasks (which are very dissimilar to the
everyday T. D. classroom tasks) were administered in artificial settings
(which are very dissimilar to classroom settings) and the results of
these tests were statistically analysed. Therefore, it was necessary to
conduct research in the T. D. classroom for the T. D. classroom, where
students problem solving activities could be assessed in a naturalistic
setting. Thirdly, as outlined in Chapter 2, a number of researchers
have questioned whether teaching T. D. can influence student
development in the way described by the advocates of these views.
This question arises because learning and development are not
regarded as synonymous by the current guiding theories. The
combination of all three factors have led to the research reported here
being conducted in the manner described in later sections.
Like the constructivist paradigm model described above practitioner
research may be viewed as involving the studied use and collection of
a variety of empirical materials. These describe routine and problematic
moments and meanings in the lives of T. D. students in an effort to
`get a better fix on the subject matter at hand' (Denzin and Lincoln,
1994, p. 2), i. e. how T. D. students use knowledge in problem solving.
My reading on learning and knowledge has helped to formulate the
focus of my research. My efforts to investigate how students use
knowledge in solving T. D. problems has however, been governed by
the desire to be open. I did not have any preconceived notions about
students' knowledge use before this study began. I had some thoughts
about what might be happening but these were based on studies
which had been carried out in other areas of the curriculum -no
empirical work of the type I proposed to undertake had previously
been carried out in T. D. classrooms. I used soft data generated from
observing, interviewing and audio-recording students in conversation.
emphasised the process students worked through in generating
solutions and did not concentrate on the final solutions which they

I

produced to problems. I tried to be interpretative. I used a small
number of students (because my classes were relatively small) in
naturalistic classroom settings and developed an analysis of the process
grounded in the data. This approach reflects my desire to secure an
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in-depth understanding of how students used knowledge to solve T. D.
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this strategy offers an `alternative to validation' (Flick, 1992, p. 194).
Within this paradigm I began the study by clearly defining what would
be its focus -what concrete problem would I investigate? Once this
focus had been determined a specific research strategy of inquiry was
devised to investigate it. This strategy was divided into three main
activities: the collection of empirical materials (data); the analysis of
these empirical materials; and their interpretation. Thus, the study
described here was designed to investigate a general curriculum and
D.
(Ed.
knowledge
issue
the
curriculum
with
and
associated
assessment
Research Proposal Guidance Notes, p.2). It may be viewed as
descriptive and explanatory (E835 Study Guide, p. 36) in respect of the
nature of the use of procedural and conceptual knowledge related to
by
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three-dimensions
twoout
carried
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problem solving
issue
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key
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as
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concept where normal classroom activities could proceed (relatively)
unaffected in any substantive way by the activities associated with the
research process.
In summary, the methodology described above was necessary for a
in
inform
D.
T.
The
to
was
previous research used
number of reasons.
the cognitive constructivist tradition and therefore, positivistic. It relied
on data generated in experimental settings and statistical analysis. The
Literature Review reported in Chapter 2 also questions this type of
research and its methods. There are several aspects to my approach
which are detailed in the following section. It is constructivistinterpretive, with interpretation of students descriptions and
explanations of the activities associated with problem solving forming
the basis of the theory of knowledge and its use in T. D.. The
research was conducted in the T. D. classroom with data generating
techniques designed to be as unobtrusive as practicable. Further, as the
teacher-researcher I had access to and knowledge of the setting
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during
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and
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outside researcher
the course of the study was different to the singular role I would
normally adopt, I argue that the natural dynamics of the classroom
were not markedly disturbed.
My Specific Approach
The research was conducted in my normal T. D. classroom in the
consecutive years of the study. Thus, I researched naturally occurring
cases and used continuing analysis of data from year to year to
inform my work as it progressed (Kemmis, 1993, pp. 177-190). This is
but
I was not adapting practice as a result
to
research
action
similar
of my analysis during the study. Relatively small numbers of students
were involved as the study progressed and the selection of those who
Study
be
(E835
'opportunity
regarded
as
an
sample'
participated may
Guide, p. 92) since I made a conscious decision to involve only
students to whom I had direct, easy access. I did not wish to disrupt
the work of my colleague T. D. teachers. My sampling did not
therefore, conform to the optimal 'intentional, systematic and
theoretically guided' variety described by Hammersley (1984, p. 51) but
the group of students I worked with during the Main Study was
typical of T. D. classes in my school, which in turn is a typical
Voluntary Secondary School. I was conscious that there are issues
relating to generalisability which may be associated with using small
numbers (Schofield, 1993, pp. 91-113) but was satisfied that the
procedures adopted coud be readily replicated by other teacher
researchers in other classrooms in other institutions where larger,
numbers take T. D.. In this way I believed it to be credible,
transferable, confirmable and dependable in terms of data collection,
analysis and interpretation.
Since I intended to use qualitative methods, carrying out an Initial
Study, in 1997, allowed me to explore and assess the collection and
analysis of data from a number of sources. It also allowed me to
sharpen the interviewing and observation techniques which were an
essential part of the overall study design. From a practical perspective,
it also allowed me to assess my ability to continue to operate as the
classroom teacher while engaging in the research process.
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Collecting

Empirical

Materials

The Initial Study was carried out in 1997. My own work and that of
three of my colleague T. D. teachers, the work of four of my
students, and an architectural draughtsman were reported.
The methods used to collect data were designed to enable data which
informed the research questions to be collected in naturalistic settings
with minimal disruption of everyday classroom functioning. Data were
generated from five sources -

a)

an analysis of the knowledge content of the various
tasks associated with completing appropriate solutions
to Leaving Certificate T. D. questions from two areas of
the syllabus. This analysis was based on recording how
I, as an expert teacher, completed a 'Planes' question
be
informed
to
tasks
that
the
needed
a
of
and
novice
completed,

b)

observations of students followed by interviews. Two
students were observed preparing solutions to a 'Planes'
question. Two others were observed preparing solutions
to a 'Mining' question. General notes were made on the
moves they made in preparing their drawn solutions.
Following these observations described the students were
interviewed. These interviews were audio-recorded and
focused on how the solutions were prepared. They were
relatively informal. They took place shortly (5-10
minutes) after students had completed the tasks and
were conducted during regular T. D. classes. Other
students worked on task during the interviews,

c)

two students were audio-recorded as they discussed the
solution of the 'Mining' problem prior to beginning work
on their drawn solutions,

d)

three of my colleague T.D. teachers were interviewed
informally. The interviews centred on their views of
what students found problematic when dealing with the
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'Planes' and 'Mining' questions. These brief discussions
also focused on examination preparation in these topics
and the teachers views of what the examination was
assessing, and
e)

a drawing office practitioner worked on Leaving
Certificate T. D. questions and was subsequently
interviewed. This interview focused on the difficulties he
encountered in preparing solutions to the 'Planes' and
'Mining' questions addressed by the students.

It was envisaged that further insights into the types, levels and
qualities of knowledge discussed by McCormick (1996), deJong &
Fergussen-Hessler (1996), Stevenson (1994), Gott (1988), and
Schoenfeld (1985) and identified in T. D. related literature would result
from data generated by the methods described above. Specifically, (a)
was designed to examine expert knowledge associated with the two
topics 'Planes' and 'Mining'. This required not only examination of the
knowledge associated with the topics but also of how the knowledge
identified might be taught. Observing students at work (b) allowed
students use of procedures to be recorded. It was felt that interview
data and audio-recording of pairs (c) would provide some insights into
students' conceptual knowledge and possibly to their metacognition. I
felt that this was important since this type of cognition could not be
observed directly. It was viewed as a means of gaining access to
students cognition in case my questions during interviews might not
elicit the types of responses which would indicate these. I felt that
these insights might emerge while students were engaged in naturalistic
conversations about the nature of solutions to problems. Interviews
with teachers (d) were designed to highlight their guiding philosophies
and teaching strategies. Examining how a draughtsman (e) would
approach questions on 'Planes' and 'Mining' was expected to offer
insights into how an outside (school) expert in the domain would
approach unfamiliar problems as there is evidence that the type of
knowledge used in T. D. in schools (for example when addressing
examination questions) is radically different from the knowledge used
and valued by experts outside them (Barnes, 1989, p. 75).
Despite the brevity of the Initial Study and the small number of
students involved, it generated data which addressed, in some measure,
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the research questions as I had intended. In order to address the
issues in greater detail I proposed more in-depth interviews with
students, recording students as they discussedproblems, working with
students across a range of abilities on all Leaving Certificate topics
over a prolonged period while continuing to interrogate the literature
in all relevant areas.
For the Main Study the number of elements involved in the generation
of data were reduced with a view to focusing more directly on the
areas of procedural, declarative and conceptual knowledge associated
with the students problem solving in the T. D. domain. Data were to
be generated fromanalysis of the remaining twelve topics which are examined in
the Leaving Certificate T. D. examination. This analysis of
knowledge involved the categorisation of the specific and
strategic procedures required to complete appropriate drawn
solutions in these topic areas. These procedures formed the
basis for analytical categories based on Primary (P.P.),
Complementary (C. P.) and Incremental Procedures (I. P.) and
Rules of Thumb (R. o. T. ). These were formulated with reference
to the literature on types of knowledge and are explained in
detail at the beginning of Chapter 4.
2.

observation of students working on the solution of Leaving
Certificate questions from these twelve areas of the syllabus.
These observations considered students use of these specific
and strategic procedures - i. e. P.P.'s, C.P.'s, and I. P.'s. (some
examples are included in Appendix 15.

3.

interviews with students following the observations at (2)
above. These interviews provided data on students' use of
R. o.T. 's, declarative and conceptual knowledge of topics, and
their self-regulation and metacognition. It would not have been
possible to observe these. Appendix 16 show extracts from
examples of these, and

4.

audio-recordings of pairs of students discussing the solution of
a Leaving Certificate question in one of the twelve topic areas
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of the syllabus mentioned at (1) above (Appendix 17).
These audio-recordings were intended to offer further
insights into students conceptual knowledge, self-regulatory
procedures and metacognitive processes since it was intended
that these might be verbalised during discussion of the
problems.

Analysis of Topics
Analysis of the areas of the syllabus at (1) above allowed definition
and explanation of the nature and levels of procedural, declarative and
conceptual knowledge associated with tasks students would be required
to carry out to be defined and explained. It was intended that analysis
of the remaining twelve topics would be informed by earlier experience
for
topics
the Initial Study. This analysis could be viewed
of analysing
in terms of compiling definitions of knowledge which would allow
data generated from observations, interviews, and audio-recordings of
knowledge
be
in
to
terms
the
students
at
work
of
pairs of
categorised
content of their solutions. This analysis of unstructured data was
designed to be undertaken after a block of observations, interviews
and audio-recordings over a four week period were completed.

Observation of Students
Each Monday and Tuesday of the collection period I worked with
the class group on the scheduled topics during the first of the double
period. During the second period all students worked on the solution
of a related Leaving Certificate problem. The organisation of the
classroom allowed two students to be observed from a position in the
aisle between rows. As they worked on task, I observed two students
closely (No. 2 above). Data from these observations were recorded on
prepared schedules. These schedules were designed so that students
behaviour was not pre-categorised rather, they were intended to record
the sequence of drawn solutions. They also allowed for brief notes on
questions arising from the observations and any general comments on
the lesson to be recorded.
This format was a familiar one for my students. During the course of
everyday T. D. lessons I regularly adopt it, with most of my time
during the second class period being devoted to observing student
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tasks and assisting individuals when required. At the end
on
-progress
of these double periods I normally collected the drawn solutions and
marked them before the next scheduled T. D. class. I did not use the
results as part of the analysis of the solutions. I continued to work in
this way throughout the data collection period. Thus, double class
periods were not changed radically or disrupted to facilitate data
collection.
Student Interviews
The interviews described at (3) above were intended to provide further
insights into students thought processes during the construction of
their individual solutions. These interviews were intended to be brief
(approximately 5 minutes in each case) and had to be completed
before the end of the double period to minimise disruption of ensuing
classes. During these interviews I questioned the students on their
approach to completing their individual solution or problem solving
strategy because I was interested in how these could be related to the
in
Chapter
2.
knowledge
and/or
perspectives
outlined
received
I was also interested in what students found problematic, because I
how
this corresponded to how the received and
to
see
wanted
knowledge perspectives define problems. I also addressed questions
about their solutions which I had noted earlier on the observation
interviews
These
were audio-recorded. I envisaged that the
schedule.
data produced here would allow insights into how students
conceptualise T. D. problems.
Audio-Recording of Pairs of Students
Each Thursday during the study two students were selected on a
rotating basis and presented with a Leaving Certificate question to
which a drawn solution had to be produced. The combinations of
students were altered such that each student worked with all the
others during the course of the data gathering process. During the
discussion and construction of the solution their conversations were
audio-recorded in an attempt to gain insights into the nature of their
problem solving, particularly their use of R. o. T. 's, their declarative and
conceptual knowledge, the self-regulatory process they employed and
their metacognitive functioning. The type of cognition involved was
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not observable but I felt that working in pairs would result in the
students having to externalise their thinking in order to communicate
their impressions of the problem to the other student. I tried to
encourage this further by assigning one of the pair the responsibility
of drawing the solution while the other was to instruct how this
should be done.
Procedures

Two students were to be observed and interviewed during the double
class period each Monday and Tuesday during each collection period.
Thus, sixteen individual students were observed and interviewed during
each four week data collection block.
Each Thursday during the data collection period I selected two
students to discuss the solution of a problem. These discussions were
audio-recorded (4 above). I did not propose to discuss the contents of
the tapes with the students afterwards because of time constraints.
Selection of students for this element of the data collection was again
to be based on seating arrangements in the T. D. room. I involved all
the students in the data collection process so I used a rotating system
for observations, interviews and audio-recording of pairs.
In addition to highlighting students' use of procedures these
observations, interviews and audio-recordings of pairs at work

also

affcrded an insight into students' declarative knowledge. I also
envisaged that examination of the strategies employed in the solution
of problems as students work in pairs would provide insights into
their metacognition or self-regulation processes because students would
be encouraged to externalise these to one another. The data produced
here did indeed allow some insights into students self-regulation, as
they monitored their progress in terms of identified strategies that
produced desired outcomes. This involved students planning, checking,
evaluating and revising their strategies.
Analysing

and Interpreting

the Data

During preliminary analysis carried out during the Initial Study data
were analysed in respect of their effectiveness in addressing the
research questions. The initial observations allowed the students
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construction of solutions to be recorded. They also allowed for
improvements to the instrument to be developed in order to effectively
record the nuances of constructions during the main study which was
to follow. Thus, for example, the observation instrument used in the
main study showed an expert solution of the problem on which the
sequence and nuances of the student's could be noted.
Similarly, the interviews undertaken during the Initial Study allowed
me to sharpen my interviewing technique in order to optimise the
quality of data which interviews during the main study would provide.
For example, the initial study allowed me to develop open-ended
questions which allowed students to offer descriptions and explanations
of what they were doing and why they were doing it, rather than
some of the closed questions I had asked during the Initial Study.
Analysis of data from the Initial Study also allowed me to make a
judgement as to the effectiveness of the different sources and how
they might (or might not) be used in the main study.
Specifically, the observation data were to be examined in respect of
students use of procedural, declarative and conceptual knowledge. In
order to accomplish this I had to develop categories of these

procedures (referred to earlier and described in detail in Chapter 4).
Interviews and audio-recordings of students working in pairs were
transcribed. The observation schedules and transcripts were then
annotated in an effort to identify possible problem solving strategies,
and relationships between types of knowledge. This initial coding of
the data was revised as the research process progressed (E835 Study
Guide, p. 171) and as different analytical categories emerged, for
example when different levels of procedures were identified across the
range of topics examined during the study.
Following these processes I was faced with the task of interpreting an
ever increasing mountain of empirical materials. I proceeded to
construct my interpretation of the data by searching for themes related
to the types of procedural and conceptual knowledge which were
emerging in data from the different sources. This interpretation was
also an ongoing process, and was specifically designed to be such,
with each block of data collection followed by processing and analysis
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interpretation,
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of empirical materials. It consisted of my ongoing attempts to make
sense of what I had learned during that particular block of data
collection, processing and analysis - with the large amounts of data
finally being organised into themes which were mutually related (E835
Study Guide, p. 171). The final cumulative interpretation of the data
was written up as a grounded theory of problem solving in T. D.
which is based on students' use of knowledge in constructing solutions
to T. D. problems.
Role of Researcher
Stenhouse (1975, pp. 142-165) has described the teacher researcher as
an extended professional possessing all the attributes of a good teacher
but having additional skills, perspectives and involvement's. Among the
many attributes he describes the desire to question and test theory
using skills which have been developed to interrogate one's own
teaching. This is achieved through systematic self-study, the study of
the work of other teachers and through the testing of ideas by
classroom research procedures (E835 OfTprints Reader, p. 32). My
focus during this study was not on my own performance but on
testing ideas using classroom research.
Hammersley would argue against such a role for the teacher for two
main reasons; firstly, he argues that the collective teacher mind has
little time to reflect on practice, never mind engage in systematic
research; and secondly, government policy on the role of the teacher
is at odds with the concept of teacher researcher (E812 Study Guide,
p. 38). He also argues that the general and specific arguments against
conventional educational research (viz a viz its irrelevance, invalidity and
undemocratic nature) and in favour of teacher research are not
convincing and that the teacher researcher role is undesirable both
from the teaching and research viewpoints (Hammersley, 1993, pp.
246-264). While recognising the importance of Hammersley's views in
this regard, I would argue that a T. D. teacher researcher possessing
the characteristics of the extended professional described by Stenhouse
(1975), as a major actor in the classroom situation, is better equipped
to conduct research in the T. D. classroom despite the difficulties
associated with carrying out the dual role adequately.
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The research reported here will have to satisfy the demands for
systematicity, rigour and explicitness (Hammersley, 1986, p. 255)
demanded by both T. D. teachers and the research community. If it
succeeds in satisfying both groups, who are routinely sceptical for
their own reasons, it can be argued that it will have avoided the
construction of a false consciousness which might otherwise have
developed as a result of inadequacies of the teacher researcher who
conducted it.
Ethical

Issues

Before the research could begin I had to negotiate access to the
students with the school authorities at the beginning of the Initial
Study and again at the beginning of the 1998/1999 school year for
the Main Study. This negotiation process was also undertaken
September for the 1999/2000 school year. The school Principal at the
beginning of the research process was very supportive and permission
to carry out the study in the school was readily given. I also had to
negotiate with the students themselves (and their parents) since I felt
it was not sufficient to secure institutional consent for the research to
go ahead. Therefore, I entered negotiations with the students and their
parents. I explained the nature and general aims of the proposed study
to both groups and I emphasised the distinction between data I
proposed to collect for research purposes and work that would
normally be corrected in preparation for T. D. examination purposes. I
felt that this aspect of the negotiation was extremely important since
the experience of Irish Senior Cycle students centres around their
preparation for the Leaving Certificate Examination. The students who
took part in the main study sat this examination in June, 1999 and
for that reason I felt that the classroom work required to prepare
them for their main state examination should not be disrupted by the
procedures I had devised to collect data, for my purposes.
Consequently (as described earlier) the lesson format used relates
closely to that employed during the normal course of T. D. classes at
this stage of the Leaving Certificate programme. However, my
observations did mean that I was not freely available to offer
immediate assistance to students working on tasks who may have
required it - something which concerned me throughout the data
collection process. I tried to compensate for this deficiency by asking
students to note difficulties they experienced on their drawings (which
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I collected after each lesson). I noted in my journal any difficulties
students described in this way and addressedthem during the
Thursday class each week of the study.
During my negotiations with students and their parents at the outset
of the main study I also received authorisation to use quotations from
transcripts of interviews and audio-recordings in the compilation of my
various reports. I also agreed to make the various drafts of the final
report of the main study available to any student or parent who
wished to view it but I retained the right to include my own
interpretation of the data produced during the study (E621, p. 10).
At the end of the data generation and analysis process I also
negotiated permission to access and use the Leaving Certificate
Examination results of the students' who were part of the study in
order to assess the significance of the differences between groupings
of students I had formulated during the data analysis process
Much of the data generated in this study came from observations of
students at work and interviews with them. Therefore, I felt a great
responsibility to develop my ability to observe carefully and listen
attentively to what the data are saying. I believe this was one of the
main challenges I faced in order to adequately perform my main roles
as the researcher in the classroom. I had been developing these skills
over time (during the M. A. modules) and was conscious that they
were constantly in need of fine-tuning (E835 Study Guide, p. 90. ) The
longevity of the study, together with the frequency of observations and
interviews helped greatly in this regard.
Summary
It was difficult to categorise the research undertaken here since it did
not fit easily into any one qualitative tradition - such as those
described by Atkinson et al (1993, pp. 16-31). I regarded it as falling
within the enlightenment model, since it was designed to provide new
insights into problem solving in T. D. from a student perspective. My
interpretation of the data may serve to influence practitioners in T. D.
classrooms and to shape their orientation to practice by suggesting
alternative descriptions and theoretical frameworks within which to
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locate their everyday encounters with students (E835 Study Guide,
p27).
Every effort was made during the study to provide as objective an
account (Phillips, 1993, p. 66) as was possible. The veracity of the
descriptions of how data were collected, analysed and interpreted is
therefore, significant. There may be no consensus as to how, precisely,
educational research should be judged but the extent to which my
account represents the phenomena to which it addresses itself may
is
based
interpretation
data
My
the
on
address matters of validity.
of
my presuppositions, and my account of the research should therefore,
be read with these in mind. My methodological stance suggests that
there is no absolute proof of my interpretations. However, the reader
can assess the validity of the study using the criteria of plausibility
in
34).
The
E835
Study
Guide
(p.
topic
the
outlined
and credibility
researched contributes to existing knowledge by examining the nature,
use and inter-relationship of knowledge in T. D. problem solvingsomething not previously done. It may therefore, be regarded as
it
intended
to begin to develop a theory of
since
was
relevant
problem solving for T. D. based on naturalistic classroom activities,
thus, making a significant contribution to our understanding of T. D. as
a post-primary subject. Once a knowledge view of problem solving
was developed a comparison could be made with the current view.
Thus, possible prescriptions for teaching problem solving (based on
empirical research) and not a 'fitted' theory could be advanced. The
comparison of the two theories could also raise the issue of how
problem solving could or should be assessed for accreditation

purposes. Thus, the criteria for relevance were addressedin the Main
Study.

William P. Bolger M7137754
-

72

Chapter 4
Findings & Discussion

Introduction
The findings reported here are based on the application of my analysis
of the knowledge required to solve typical Leaving Certificate T. D.
examination problems to how the students in the study solved these
problems. All the topics which appear on typical Leaving Certificate
T. D. examination papers (and their constituent parts) were analysed in
these terms. This involved relating the literature on problem solving
and knowledge to the tasks students are typically required to complete
and to data generated from observations, interviews, and
audio-recordings (detailed in Chapter 3) of students preparing drawn
in
be
described
These
then
explained
solutions
could
and
solutions.

terms of knowledge rather than graphicacy.
In the following sections I will discuss problem solving in terms of
the procedural and conceptual knowledge used in the construction of
solutions for the topics discussed. This discussion provides an
alternative perspective on problem solving to the received graphicacy
view - one based on the interpretation of empirical data generated in a
normal T. D. classroom. As part of this overall discussion I discuss
*

how the problems students encounter may be related to
knowledge, rather than to aspects of graphicacy,

*

how I grouped students into groups because of the
common characteristics they displayed in terms of their
knowledge use while problem solving,

*

self-regulation, visualisation and differences between
individuals from the groups, and

*a

discussion of the findings of this study in terms of
how problem solving is related to the graphicacy and
knowledge perspectives.
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Problem

Solving

As a T. D. teacher and expert problem solver in the T. D. classroom I
bring my considerable domain-specific knowledge to bear on every
new T. D. problem I encounter. My approach to solving problems is
not a general one - rather it is topic-specific. However, there is a
certain amount of overlap, since topics in the Building Applications
section of the programme are just that - applications of Plane & Solid
Geometry. Because of my position as a T. D. teacher I also have a
professional interest in T. D. problem solving (in and out of the
classroom) which makes it meaningful and relevant for me. My T. D.
teacher colleagues share this interest and if (when) faced with a
particular problematic situation we are in a position to work
collaboratively to arrive at an appropriate solution. The post-primary
T. D. students who took part in this study did not approach problem
solving in the same way that I (or, my colleagues) do. One of the
main reasons for this was that their T. D. -specific knowledge was much
more limited. This was chiefly due to their relative lack of
experience. Thus, unlike the expert T. D. problem solver, the majority
of students in this study brought only a limited knowledge of the
topics to the situation in which they were trying to solve problems.
Glaser's thesis (1984, p. 98) that being able to distinguish the
lead
knowledge
(limited)
their
will
and
organisation
of
characteristics
to a better understanding how they become more expert problem
solvers is appropriate here. A two-year programme in Leaving
Certificate T. D. lasts for approximately 72 weeks. Students may spend
as little as 5 weeks studying each of the 14 topics which will be
examined. Understandably, their knowledge of each topic is limited.
However, like the expert T. D. problem solver, the students in the
study also appeared to make extensive use of their knowledge in each
topic area, even though their knowledge was limited. One major
difference was that despite the intended (and real) application of Plane
& Solid Geometry in Building Applications students did not appear to
recognise the applied Geometry but rather, treated Building topics as
separate problems.
Although students are goal-directed the literature would suggest that
students' goals are slightly different from the (T. D. ) expert. For
example, students interest in solving T. D. problems is primarily
directed at achieving a pass grade in the Leaving Certificate
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Examination. They may not (necessarily), have the same interest in
problem solving per se as a T. D. professional, in or out of school,
would have.
The problems which students choose to address in the Leaving
Certificate T. D. examination from a given selection indicates both the
topics which students prefer to engage with and topics they find
problematic - because they avoid them. The most popular topic areas
are used for illustration here. These tell us a lot about what type of
problem solving students like (choose) to engage in but there are
aspects of these preferred topics that students often fmd problematic.
The preferred problems tend to be well-structured, vary little from
year to year, have strong procedural elements with only sub-sections
which require the use of conceptual knowledge. Alternatively, the
problems students avoid (especially in the Leaving Certificate
Examination, the results of which may shape their future lives in many
respects) tend to be less well-structured, are subject to change from
year to year, and have relatively large sections which require the use
of conceptual knowledge prior to executing relatively straightforward
procedures.
Selection of Topics Used For Illustration
Students are examined in 14 topics at Leaving Certificate level (seven
Plane & Solid Geometry and seven Building Applications). All 14 were
analysed in the terms described above during this research project but
only four from each area of the syllabus are reported in this chapter.
These are detailed in Table 4.1. below.
Table 4.1 - Leaving Certificate Questions Used For Illustration
Paper 1- Plane & Solid Geometry
Intersecting Planes & Skew Lines

Paper 2(b) - Building Applications
Perspective Projection

Solids in Contact

Hyperbolic Paraboloid Roofs

Interpenetrations

Mining Applications

Conic Sections

Roadworks Geometry

I have chosen to present my findings in this way for two main
reasons. Firstly, according to the most recently published Chief T. D.
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Examiner's Report (1999, pp. 1- 26. ) questions related to these topics
(with the exception of Conic Sections) are the most frequently and
successfully answered in the Leaving Certificate T. D. examination. As
such, they afford examples of both popular and successful (since a
relatively small percentage fail the examination) problem solving. This
popularity and success was also mirrored in the choices made by the
students during this study, especially in their Trial Leaving Certificate
Examination held in March, 1999. In this trial examination, Conic
Sections proved to be the fourth most popular question from Paper 1,
hence its inclusion here instead of Special Curves, the fourth most
popular question from Paper 1 according to the Chief Examiner's
Report (1999, p. 4). Secondly, the questions chosen reflect both the
proportion of two-dimensional to three-dimensional topics examined and
attempted by students. Three of the seven questions on Paper I relate
to two-dimensional topics - Areas of Figures, Special Curves and Conic
Sections (although Conic Sections may also be viewed as a
three-dimensional topic). Areas of Figures almost invariably proves to
be the least popular question from Paper I while the popularity of
Special Curves and Conic Sections is as described above.
Relating

Problems to Knowledge

Leaving Certificate questions are generally sub-divided into tasks,
similar to those described by Barnes (1989) and discussed in Chapter
2, which are outlined in the following sections. The types of
procedures which the students must complete when addressing these
tasks are also discussed and may be regarded as similar to the first
two orders described by Stevenson (1994), where both familiar and
unfamiliar goals can be achieved by the application of specific
procedures.
Different topics require the completion of primary, complementary and
incremental procedures of different levels of complexity. These are
also described in the following sections where the levels of P.P., C.P.
and I. P.'s associated with the topics which are used for illustration are
detailed.
A description of the tasks associated with the topics used for
illustration is included in Table 4.2. below.
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Table 4.2.

Description
Associated
Tasks
of
with Leaving Certificate T. D.
Questions.

Plane & Solid Geometry Paper 1.
fnfersecting

Manes & Skew Lines

a)

Tngk 4:. Cnmp!e(e the second curve
(usually an Hyperbola).

Task 1: Draw projections of
planes from co-ordinntes.
Tack 2: Determine lite line of
intersection.
b)
Task 3: Determine the dihedral angle.
c)
Task 4: Draw projections of required line.
d)
Task 5: Draw skew lines from
co-ordinates.

7'nsk 5: Crniiplcte tangent and centre of
curvnlure.

Building
Perspective

'I'nsk 1: Reptuluce given plan.
Tnck 2: 1)rnw the set-up for the
perspective.view.
Task 3: Locate the auxiliary

c)
Tnvk 4: Draw Ilse projections of an
enveloping cone.
Task 5: Draw the traces of the required
tangent plane.
Interpenetrations
a)
.
Task !: Draw the projections of the given
Solid.

Task 2: Draw the set-up for the
interpenetrating prism.
Task 3: Complete the projections of the
interpenetrating prism,
Task 4: Draw the required auxiliary plan.
Task 5: Determine entry/exit points of
prisms edges and positions where prisms
sur1ices cross edges of second solid.
Task 6: Complete projections of lines of
interpenetration.
Conic

Sections

a)

Task 1: Produce initial diagram.
Task 2: Draw the required curve (usually
an
h)

Ellipse).

Task 3: Trudiice the inilial diagram.
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points.

Solids In Contact
a)
Task 1: Reproduce given diagram And
complete the projections.

h)
Trask3: Determinethe radius of second
spherebeforemoving into position.

1'rojecilon

a)

Task6: Find the shortestdistance.

Task 2: Draw given sphere in secondary
position before moving into required
posit ion

Applications - Paper 2(b).

Teak 4: Locate starting position for
perspective view.
Task 5: Complete perspective view.
Ifyperlrolic

I'nrabotoid Roofs

a)
Task I: Draw the given directriccs.
Task 2: Draw the projections of required
number of elements.
Task 3: fe amine the plane director.
Task 4: Draw the traces of the plane
director in the required position.
Mining Applications
a)
Task t: Draw the borcholes from
,epccifications.
Task 2: Determine the top and bottom of
the stratum.
Task 3: Draw triangular plane.
Task 4: Determine strike, dip and
thickness.
b)
Task 5: Draw the initial projections for
extra borehole.
'Task 6: Address the requirements for this
borehole.
Roadworks Geometry
a)

Tack 1: Dclciminc the works required for
level road.
Task 2: Determine fill for sloping road.
Tack 3: Dctcrniinc cut for sloping road.
Task 4: Determine works for parking arcs
or other extra works.
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A discussion of the types of knowledge required to address problems
in the topics referred to are described in the following section. This
may be regarded as a commentary on the creation of analytical

categories.
Procedural

Knowledge

Typical drawn solutions to T. D. problems are completed in a number
of stages which require the identification and completion of a number
of procedures guided by the application of rules of thumb. The
number of procedural elements and rules of thumb are topic-specific.
Apart from its role in allowing the drawing of a solution to be
constructed procedural knowledge also serves to link declarative and
conceptual knowledge. A brief description of the types of procedures
identified is given in Table 4.3. below. Procedural knowledge is then
discussed in detail in the following sections.

Table 4.3. - Types of Procedures
Primary
(P.P.)

The completion of the initial drawing from a
given diagram or written specifications. In most
instances it involves the completion of the
projections (elevation and plan) of a 3-D
configuration. When dealing with 2-D topics, for
example Areas of Figures, it involves the
completion of the rudiments of the drawing
required for an appropriate solution.

Complementary
(C.P.)

These are required to advance the construction
of an appropriate solution and are completed
following the completion of a P.P.. However, they
may also be used following the completion of an
I. P. (below) in order to address an aspect of a
solution not previously addressed by a P. P. or
I. P..

Incremental
(I. P.)

Usually involves the construction of successive
auxiliary views or staged constructions. May be
drawn directly after a P.P. or following a C.P..
I. P.'s may also include working backwards from
2nd auxiliary views to the original projections.
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With the exception of Roadworks Geometry where a contour map to
a given scale is provided, all solutions must be drawn from scratch.
Drawn solutions are begun by completing an initial diagram that
provides the basis from which the overall solution can be constructed.
I have called the completion of this part of the solution a Primary
Procedure

(P. P.). The complexity of this initial diagram varies with
the topic and therefore there are different levels of P.P.. These range,
for example, from the transformation of written specifications into
diagrammatic form for questions on Conic Sections (P.P. - Level 1)
shown in Figure 4.1. to drawing the projections (elevation and plan)
of a geometric solid (P.P. - Level 4) for questions on Interpenetrations
shown in Figure 4.2. below.
Thus, P.P.'s range from the completion of simple diagrams involving
the construction of simple plane figures to the completion of the
descriptions
in
However,
with
all are consistent
projections of solids.
the literature of procedures which allow for the completion of specific
in
Solutions
tasks
all
associated
with
a
required
solution.
aspects of
topics require the completion of at least one P.P. while a number of
P.P.'s may be required (for example the question on Intersecting
Planes & Skew Lines requires separate P.P.'s for the planes and skew
lines elements. Once completed, the solution can only be advanced by
completing further more complex procedures. These I have called
Complementary (C. P. ) and Incremental Procedures (I. P.).
Similar to P.P.'s, every topic examined requires the completion of at
least one Complementary Procedure (C. P.). These constitute the next
procedural stage in the completion of a solution, usually following on
directly from the P.P. 's. In effect, this means that each C.P. (and
again there are several levels identified) can be directly related to an
initial procedure, a P.P., which precedes it. In cases where
three-dimensional topics are being addressed C. P.'s usually involve the
construction of a first auxiliary view, i. e. a view other than one which
is perpendicular to either the Horizontal Plane (a plan) or the Vertical
Plane (an elevation). When the line of intersection between two
Intersecting Planes is not given, for example, an auxiliary elevation (or
plan) is usually drawn in order to locate it. Alternatively, two
horizontal lines may be used (both procedures are C. P.'s - Level 2).
This allows the line of intersection to be identified (see Figure 4.3
below). Thus, the view (C. P.) can follow on directly from a P.P.
William P. Bolger - M7137754

79

Figure 4.1. Primary
(P.
P.
Level
1)
Conic
-Procedure
Sections,
Drawa triangleFPFrwhereFP= 130mm,
PF,=.70mrnandFFr= 100mm.F andF, arethe
lociof a doublehyperbola
andP is a pointonthecurve.
(1)

Drawa portionof thedoublehyperbola:

(ii)

Determinethe asymptotesto the curve.
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Figure 4.2. - Primary Procedure (P.P. Level 4)
Interpenetrations
A regularpentagonal
rightpyramidhasa side'ofbase70 mmandan altitudeof 120mmand
Alsoshown
restswithoneof its triangularfaceson thehorizontal
planeas shown
the pyramid.
are theprojections
of a squareprismof 40 mmsidewhichpenetrates
Draw the projectionsof the solids showingall lines:of interpenetration.

30°

'p3
I
55
_"

25

Primary Procedure
(P.P. - Level 4).

However,
initial
C. P.'s are also used
diagram.
to
used
construct an
during the latter stages of the construction of a solutions in order to
address an aspect of a solution that have not previously been dealt
with. For example, Task 5 in questions on Conic Sections usually
requires the completion of a tangent and the location of the centre of
curvature (C. P. Level 3). This is the final part of the solution (shown
in Figure 4.4 below) and requires the use of a construction which
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Figure 4.3. - Complementary Procedure (C.P. Level 2)
Intersecting Planes& Skew Lines
To determine the dihedral angle between the planes
ABC and ADE.
d

a
Xt
bd
c
c
e

b

X2,

Xd

Y1

Y2

b'

Complementary Procedure
(C.P. - Level 2).

relates back to previous procedures, but only indirectly to the initial
P. P.. Although C.P.'s contribute significantly to the completion of
solutions they are not sufficiently complex to address all aspects of a
solution. Incremental Procedures (I. P.) are required to do this.
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Figure 4.4. - Complementary Procedure (C.P. - Level 3) Conic
Sections

To determine the tangent and centre of curvature at P.
rangent

Normal

P.
Axis
-Focus

Directrix9F

Complementary Procedure
(C.P. - Level 3).

--1

.

' Centre of
Curvature

The Parabola

Incremental Procedures (i. P.'s) of different levels must be used to
complete all questions. In all the three-dimensional topic areas except
Perspective Projection, where solutions are drawn in Orthographic and
Perspective Projection, these I. P.'s usually involve the construction of
successive auxiliary views. That is, the I. P. is completed only after
two successive steps -a first auxiliary view followed by a second
projected from the first. Determining the dihedral angle (Task 3),
between the Intersecting Planes, is an example of such an I. P..
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Figure 4.5. - Incremental Procedure (I.P. - Level 3) Solids in
Contact
To determine the projeclioüs of a cone at B such

that it is in contact with, the cone A and the sphere C.

Incremental Procedure
(1.P. - Level 3).

iý

Y,

Alternatively, in the cases of Solids in Contact and Projection of
Solids (Figure 4.5. above) for example, I. P.'s may require the
positioning and movement of 3-D geometric solids instead of the
consecutive 2-D auxiliary views described above. The solutions of
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Figure 4.6. - Incremental Procedure (I. P. - Level 4)
Perspective Projection.

Task 3 in Solids in Contact questions require the completion of such
an I. P. (Level 3). A sphere must be drawn (using a locus to
determine its radius) in a known position before being moved into a
required position. I. P.'s used in Perspective Projection involve the
complex inter-relating of the Orthographic Projection of the
three-dimensional object being drawn with the set-up for the
Perspective Projection. This results in the staged construction of the
overall drawn solution (see Figure 4.6. above).
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Table4.4. Levels of ProceduresAssociatedwith Tasks.
-

Plane& Solid

IntersectingPlanes

SolidsIn

Geometry

& Skew Lints

Contact

Primnrc"

Tasks IRS
Level I

Task2 Level2

Complementar y

Task 4 Level2

Taak'l.
Level2/3

Task4 Level3
Task 5 Level 4

loterpenetrations

ConicSections

Task l&3
Level I

TaskI
Level314
Task 2 Level 2
Task 3 Level 2
Task 4 Level 3

Task2 Level2
Task 3 Level 3

Task5 Level 4

Incremental

Task 3 Level I

Task 2 Level 2

Task 6

Task6 Level2

Task3 Level3

Level3

Building

Perspective

Applications

Projection

TaskI

Primary

Level 2/3

Complementary

Incremental

Hyperbolic
Paraboloid
Roors

Task2 Level3
Task3 Level2
Task4 Level4

Task 5 Level 4

ll*.
n.ng

Task I

Level 2

Level 3

Task 3 Level 3

Roadworks

Applications

Task I

Tack2 Level3
.
Task4 Level4

Task4 Level 3

Task2
Task3
Task4
TaskS

Geometry

Task I
Level I

Level 3
Level 4
Level 3
Level 4

Task I (Curve)
Level I

Task 2 Level 3
Task 3 Level 3
Task 4 Level3

Task 6
Level 3

The I. P.'s used in the completion of solutions to two-dimensional
topics may also involve movement and the overall solutions are
invariably constructed in stages. Thus,. complex movements are
completed in the cases of questions relating to Special Curves or
complex constructions are completed in stages for Areas of Figures
questions. In the two-dimensional questions discussed here (Conic
Sections) I. P.'s usually involve the completion a portion of a curve
(almost invariably an Hyperbola) following the completion of an initial
diagram from written specifications (a P.P.).
A brief summary of all levels of procedures required to complete the
tasks in each topic area is given in Table 4.4. above.
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Table4.5. - Rules of Thumb Associated with Topics.
Plane& Solid

IntersectingPlanes

Solidsin

Geometry

& Skew Lines

Contact

Rules of
Thumb

ver - up wn to draw
planes/lines.
)se an edge v: ew of

one plane +a level line

when line of intersection
must be determined.
fwo auxiliaries needed for

dihedral angle. Ist to sho
true length, 2nd to show
of it.,. Of
point 'I"
intersection.
Ise the 'Planes Method'
when 'horizontal' distance
between skew lines Is

Draw projections of one
given solld.
Use 'secondary positions'
to place given"sphere"
Use loci to determine
radius of 2nd sphere.

Use enveloping-conesto'
determine1I T of
. .
tangentplanes.
Use the projectionsof a
known point to
determine the V. T.

Interpenetrntions

Draw projections of given
I
edge of interpenetrating
'
prism.
Draw section of prism.
Measure perpendicular to

Cönic Sections
Questions are based on
eccentricity and other

major properties.
Ellipse-Focal distances
-major axis and.
eec less than 1

.
angle of Interpenetration
.
Parabola-Locus
of a
to
and apply plan.
from
equidistant
point
Project from elevationand
line and a point.
a
from
plan.
measure
Ecc. 1.

Use lines on the surface.
Find in(out and cross-over
points.

Hyperbola - Difference of
focal distances - major

axis. Ecc. greaterthan 1.

required.
Building

Perspective

Applications

Projection

Rules of
Thumb

art with the spectator.
Dthe
Draw
g i ven plan.
Draw the elevation only
If necesary
.
Complete the sal-up,

including auxiliary
vanishing
g points.
Slat tilee pempecOve
where the picture

plane is In contact

with the building/object
being drawn.

yper o is
Paraboloid
aMýs are
quadrilaterals.
Pairs of directrices are ".

oppositeeach-other.

Elements are drawn between

pairs of directrices.

Elements are equally spaced

along the directrix.

For p lone director, constnicl
a triangular plane

attachedto one outer
element.
Use lines parallel to 11.P, and
V. T. to determine
n me.

Mining
Applications
Determine lop and bottom
line on stratum.
Construct a triangular plane

attachedto lop/bottom

Roadworks
Geometry

Draw works for level
roads first.

Use a run which will give
a difference In level

line.

Use a level line on the
triangular plant to

determinedirection of
auxiliary which
determines (lip and

thickness.
For extra boreholework

equal to the vertical
interval on the map.

For fill, start at the bottom
of the gradient.
For cut, start at the top of

the gradient,
Use different colouredpencils
for cut and fill.

hack from file auxiliar y.

All questions also require a knowledge of Rules of Thumb (R. o. T. 's).
These are simple guiding rules which indicate which procedures are
appropriate in given circumstances - they are topic-specific. R. o. T. 's for
the topics covered in the text are outlined in Table 4.5. above. In the
case of Hyperbolic Paraboloid Roofs for example, students must
remember that roof outlines are quadrilateral - something which may
not be immediately obvious from a given diagram where adjacent
directrices may appear to be in line. Similarly, pairs of directrices (of
which each roof has two) are always opposite each other. In order to
be opposites they may not be adjacent. This is important because the
elements run between opposite directrices.
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Conceptual Knowledge
Declarative Knowledge (including R. o. T. 's) in the form of facts,
constructions and rules usually (though not always) topic-specific is
also required to complete appropriate solutions. That plane figures
have area and not volume is an example of a geometric fact;
examples of R. o. T. 's are given above; and the bisection of a he is an
example of a construction. I have called this knowledge the students
Geometric

Database (G. D. ). These resources may be viewed as being
on the lower end of a continuum with Conceptual Knowledge at the
upper end. As discussed in Chapter 2, Conceptual knowledge requires
the relationships between the items of knowledge necessary for the
completion of an appropriate solution to be identified. For example,
the completion of a solution of a Conic Sections question requires the
linking of various items of knowledge in the construction of an
appropriate solution.
Question

Draw a triangle FPF1, where F, P and F1 are the
vertices of the triangle, and the sides FP, PF1 and
FF' are 130 mm, 70 mm and 110 mm long
respectively. F and F1 are the foci of a double
Hyperbola and P is a point on the curve.
Draw a portion of the double Hyperbola.

In order to translate the written information into a diagram (a P.P.
Level 1) the student must know how to draw a triangle given the
lengths of its sides, a construction from their Geometric Database. A
Rule of Thumb relating to the major properties of the Hyperbola (the
difference between the focal distances is equal to the major axis)
indicates that the length of the major axis of the conic is 60 mm.
since the distance from one focus to a point on the curve subtracted
from the distance from the same point to the second focus (FP - PFI)
focal
between
difference
This
60
the
to
extends
equals
rule
mm.
distances for any point on either branch of the curve.
Further facts about the Hyperbola must also be known before the
solution can be advanced. For example, students must know that the
major axis is measured (half way) on either side of the mid-point of
the line FFl (between the focal points) and that the curve is
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symmetrical before the solution can be advanced. The I. P. used to
complete the two branches of the curve links the items of knowledge
described above with a procedure which enables points to be located
that are positioned in relation to the focal points, such that the
differences between the focal distances is constant (the length of the
major axis), while constructing both branches (both sides of the axis)
simultaneously, emphasising the symmetrical nature of the double
curve. Thus facts, rules and constructions (declarative knowledge) are
linked with procedural knowledge in the formulation of a solution.
Although each of the types of knowledge (procedural, declarative and
conceptual) described above have been written about separately in the
literature on knowledge this study appears to support the Hiebert and
Lefevre's (1986) thesis that the types are linked. Their separation here
would be a false one, since procedural aspects of solutions have
embedded declarative and conceptual knowledge while conceptual
elements encompass declarative and procedural elements. The types of
knowledge are linked in that they are different aspects of the same
thing.
When student data relating to the use of the types of knowledge
described above were analysed I found that similarities between some
students work allowed for the grouping together of several individuals.
These groups are described in the next section.
Groups Derived From Analysis
Audio-Recorded

Of Observation,

Interview

And

Data.

Following analysis of the data generated from observations, interviews
and audio-recordings in the manner described above the eighteen
students who took part in the Main Study were divided into four
groups because of the similarities encountered in the data relating to
these individuals.
The similarities in the data related to students' use of procedural,
declarative and conceptual knowledge. Table 4.6. below lists the
students allocated to each group while the sections which follow
include summaries of data for individuals within

groups. It should also

be noted that there is a degree of overlap here and that there are
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similarities as well as differences between the students who I have
positioned within particular groups.

Table 4.6. - Groups Derived From Analysis of Data.
Group 1

Group 2

Group 3

Group 4

Carl

Pat

Micheal

Kenneth

Gary

David

Stephen

Cathal

Päraic

Michael

Martin

Enda

Oliver

Justin

Denis

Trevor

Derek

Brian

Group 1
This group was composed of students who consistently completed all
tasks associatedwith all questions from Papers I& 2(b). They
demonstratedtheir knowledge of primary, complementary and
incremental procedures and all rules of thumb necessaryto guide the
completion of appropriate solutions. They also completed all levels of
procedures consistently and appropriately. Their comprehensive
knowledge of the concepts associated with all topics was evidenced in
both their drawn solutions, verbal explanations and audio-recordings,
where the appropriate linkages between procedures and knowledge
from their extensive geometric databases were evidenced. Their
draughting skills were also very well developed, allowing the
completion of drawings to acceptable conventional standards within
acceptable time limits (it is worth noting that Paraic was the best
draughtsman from Group 1). Thus, these students displayed
comprehensive knowledge of all topics and possessed the necessary
draughting skills which allowed this knowledge to be translated into
appropriate drawings in the time allocated. Consequently, they scored
very highly in T. D. examinations during the study and also in their
Leaving Certificate T. D. examination (Carl Al,
and Oliver B2).

Gary Al,

Paraic B2.

The data generated during this study reflects slight variations in the
extent of Paraic and Oliver's knowledge relative to Carl and Gary's.
Whereas Carl and Gary, during observations, always completed
solutions with apparent ease and were able to explain why and how
these solutions were completed during interviews, Paraic and Oliver
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sometimes found that tasks which required the use of conceptual
knowledge sometimes proved problematic (summaries of data for this
group are included at the end of this section). Paraic, for example,
sometimes had difficulty competing Task 4 (I. P. Level 4) of Conic
Sections questions. Similarly, Oliver sometimes encountered difficulties
with Task 6 (I. P. Level 3) in Mining Applications questions where
items of knowledge need to be linked to determine an appropriate
solution. Carl described the difficulties encountered when facing the
final part of Mining Application problems Finding the strike, dip and thickness is not a problem...
It's the last part of the question that can be difficult...
You have to do something with another borehole...

It's not really what has to be done that's difficult it's how to do it on the drawing....
Carl is referring to conceptual knowledge, the links which must be
made between items of declartive and procedural knowledge relating to
the stratum (based on the lines on its top and bottom, how altitudes
are measured from a common datum, how the stratum and altitudes
can be related to another skew borehole, and how all these may be
related to each other on the drawing) in order to address the
particular problem posed in the question.
Similarly, questions on Intersecting Planes always include a task which
requires that students use conceptual knowledge. This part of the
problem is invariably addressed last, to allow time to consider possible
solutions while other aspects of the solution of the problem are
completed. Gary describes this process I do the dihedral angle first, once I have the line of
intersection. Then I do the skew lines part...
While I'm doing these I can look at the drawings and
think about what's needed to solve the extra bit...
It usually doesn't take long to draw the extra hit once you
know what needs to be done...
All higher level T. D. problems include such a task. Its successful
completion requires that students link items of their declarative and
procedural knowledge into an appropriate conception of the problem,
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leading to relevant procedures which will allow a solution to be
drawn. During this study Carl and Gary were very successful in
making these links in all topic areas while Paraic and Oiver sometimes
ran into difficulties in a number of topic areas. These included Solids
in Contact, Conic Sections and Mining Applications. Paraic describes
what is generally required

and the parts of problems he has difficulty

with You know with Higher-Level questions that there'll be a certain
amount that you can do, because they always ask you to do
the same kind of things. But to do well in the exams you
have to be able to finish the other parts of the questions as
well. You never know with these extra parts what you'll be
asked to do, so you need to be well up on everything to do
with the question...... Sometimes I can't do these bits...
In order to complete all the tasks students must also demonstrate very
high levels of draughtmanship to complete solutions within given time
limits (approximately 35 minutes per question). Completing solutions
within the time allocated is difficult and students complain about the
amount of drawing needed for certain questions and how this militates
is
drawing
in
the
them
of
conditions,
much
against
examination
since
difficulties.
level.
describe
lower
Carl
Oliver
these
and
mechanical and
Carl

I like perspective questions -the solutions are usually very
straightforward - but getting finished inside 35 minutes is often
a bit of a struggle.

Oliver The problem with the question on planes and skew lines is
that there's so much to do. You have to draw the views, find
the dihedral angle (another two auxiliaries), draw the skew
lines, find the shortest distance between them, and do
do
35
It's
to
easier
much
something else, all within
minutes.
the interpenetration (even though I don't like it so much)
because you only have three views to draw.
This has important implications for choice of questions in examinations
in terms of what is being tested. Summaries of the data from
observations and interviews for this group are detailed in Tables 4.7.
and 4.8. below.
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Table 4.7.

Summary
Observation
1.
for
Group
Data
of
-

Intersecting

Plane &,
Solid
Ceomefrv

Solids in
Contact

Planes&
Skew Lines

Consistently completed all
procedures.

Carl

Task4 (C.P.) completed
last.
.

Gary

Trask4 (C.P.) completed

completedin prder.

procedures.
Task4 (C.P.) completed
last.

Consistently completed all
procedures.

Oliver

Task4 (C.P.) completed
last

^pplicatplicatfons

Consistently completed all
proced ures. T asksa l ways
in order.

Consistentlycompletedall

Consistently completed all

F raic

Interpenetrations

Consistently completed all
procedures.
last.

Perspective
Projection

Conic
Sections

procedures. Tasks Always

-

Occasionallyhad difficulty
(I.
P.).
3
Task
completing

Occesicinnlly had dil ictlty

completingTask3 (i. P.);

Consistently'completedall
procedures.Tasksalways
completedIn order.

Occasionallyhad difficulty
completingTask4 (C.P.).

Consistently completed all

lty
Occasionally had d(
completing Task 4 (I.l, P.)

Tnqks always
procedures
.in .
completed order.

IIr"perhnlic

Mining

Paraboloid

Roadworks

Applications

Geometry

Roofs

Consistentlycompletedall

Carl

procedures. Tacks always

completedin order.

Gary

Consistentlycompletedall
procedures. Tasks always

completedIn order.

PAntic

Oliver

Consistentlycompletedall
Tasks always'
procedures.
completedin order.

Consistently completed all
procedures. Tasks always
completed In order.

Occasionallyhad difficulty
completingTask6 (I.P.).

occasionally had difficulty
completing Task 6 (I. P.).

Consistentlycompletedall
procedures.Tasks always
completedin order.

Consistently completed all
procedures. Tasks always
completed in order.

"I-,

William P. Bolger - M7137754

93

-'able 4.8. Summary of Interview Data for Group 1.
-

Plane&
Solid
Geometry

Intersecting
Planes&
Skew Lines

Declarative

Carl

(rules

of

Solids in
Contact

Conic
Sections

Inlcrpeneirotions'

thumb

and constructions),
procedural and conceptual

knowledgeevidenced.

Declarative (rules or thumb

Gary

and constructions),
procedural and conceptual

knowledgeevidenced.

PAraic

Oliver

luildin R

'\pplications

Declarative(rules of thumb
and constructions),

Difficulty with Task3(l P.)
.
Incur,
related to setting up

procedural and conceptual

of possible centres of net

knowledgeevidenced,

sphere(conceptual).

knowledgeevidenced.

Difficulty with Task 3 (1 P.)
related to setting üp locus
of possible centecS.e , onw
sphere (conceptual).

Declarative (odes of thumb
and constructions),
procedural and conceptual
knowledge evidenced.

Declarative (rules or thumb
and constructions),
procedural and conceptual
knowledge evidenced.

Gary

r raic

Declarative(rules of thumb
and constructions)
,

procedural and conceptual

Difficulty with Task 4
related to identifying
properties of conic to
which question related.

Roadworks
Geometry

Declarative (rules of thumb
and constructions),

items of knowledge
6
Task
to
complete
required

Declarative (rules of thumb
and constructions),

proceduraland conceptual

(1.P,) not linked.

proceduraland conceptual

Paraboloid
Roofs
S

and constructions),
procedural and conceptual
knowledge evidenced.

Declarative (rules of thumb
and conStructions)
06.
,
procedural and conceptual
knowledge evidenced.

knowledge evidenced.

14ý
Oliver

properties of conic to
which question related.

Mining
Applications

Perspective
Projection

Declarative (rules of thumb

Carl

Iiyperbolic

Difficulty with TaskAl
related to identifying

Declarative (rules of thumb
and constructions).

proceduraland conceptual
knowledgeevidenced,
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knowledge evidenced.

Items of knowledge

Declarative (nitcs of thumb
and constructions),

requiredto completeTask6
(I.P.) not linked.

proceduraland conceptual
knowledgeevidenced.
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Group 2
This group is composed of students similar in most respects to those
outlined above in terms of their use of procedural knowledge, rules of
thumb and geometric databases (Pat, David, Michael, Justin, Derek).
They consistently completed all levels of procedures appropriately.
However, they did not consistently complete (or always attempt) the
solution of parts of the questions which required their knowledge of
the concepts associated with the question to be used to construct an
appropriate solution. That is, apparently they did not always identify
and or act on the relationships between items of knowledge as the
students from Group 1 did. Their draughting skills were also of a
very high standard (particularly David's -who was easily the best
draughtsman in all four groups), and these students completed
high
incomplete)
(although
to
standards well
very
sometimes
solutions
from
imposed
limits.
Thus,
this group consistently
time
students
within
completed the majority of tasks across the range of topics examined
during this study. However, they were usually unsuccessful when faced
items
link
for
to
they
of
were
required
which
with a problem
knowledge not previously linked in a known procedure.
Thus, from a knowledge perspective these students were similar in
in
described
from
Group
1
terms
to
the
above,
students
many respects
of knowledge use. However, their failure to complete the fugal tasks
in each of the topics suggests that their declarative and conceptual
knowledge of the topics was deficient. Somewhat paradoxically, these
students regularly displayed a knowledge of quite complex incremental
procedures in all topic areas but were simultaneously unable to
in
many of the
simple
complementary
complete relatively
procedures
same topic areas. This appears to suggest that their declarative and
conceptual knowledge was much less comprehensive than the students
in Group 1 despite their procedural sophistication. Despite the high
standard of draughting skills displayed by students from this group, the
for
than
slower
speed at which solutions were competed was often
students from Group 1. Thus, it took them longer to complete fewer
tasks. The most significant difference is that fewer tasks were
in
drawing
Speed
in
becomes
significant
completed.
solutions
from
I
Group
tasks
the
students
examination settings where
number of
completed in the alloted time had a significant impact on the grade
2.
Group
from
they
to
which
could achieve, relative
students
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Together with the difficulty of completing solutions within a 35 minute
time-frame students from Group 2 frequently found drawing complete
solutions problematic, i.e. they often failed to complete all the tasks
associated with a problem. For example, these students were usually
successful in completing the Primary Procedure required to complete
the diagram of boreholes from the written specifications on the Mining
Applications question. The two separate Complementary Procedures
required to determine the dip, strike and thickness of a stratum did
not prove problematic. However, when they were required to use their
conceptual knowledge to complete another task (usually involving
another complementary procedure) they frequently failed to do so.
Justin described this deficiency during interview -

Justin I'm able to do the strike, dip and thickness OK and I can do
the set up for the last bit of the question sometimes as well,
but I never seem to get all parts of the mining question
completed.
WPB Why do you think you never completely finish this question?
Justin Well, I know how to do part (a), it doesn't matter what
specifications are given. But most of the time I don't know
exactly what they want for part (b), although sometimes I do
try to do something, just to get a few marks.
Such problems require the linking of topic-specific procedural and
declarative knowledge and the formation of a concept of the problem.
An inability to complete such problems may be regarded as failure to
conceptualise the problem.
Summaries of the data from observations and interviews for this group
are detailed in Tables 4.9. and 4.10. below.
Group 3
This group was composed of students similar to those in Group 2
above but who were not consistent in their completion of primary,
complementary or incremental procedures. They sometimes also made
errors in their application of rules of thumb which led to the
construction of inappropriate solutions. Their Geometric Databases
often proved inadequate in terms of knowledge of facts and
William P. Bolger - M7137754

96

Table 4.9.

.

Plane&
Solid
,
Geometry

Pat

David

Michael

Justin

Derek

Summary
2.
Observation
for
Group
Data
of
-

Intersecting
Planes&
SkewLines

Occasionallyhad difficulty
completing Task 4 (C.P.).

Occasionallyhad difficulty

Solids In
Contact

Conic
Sections

j
Occasionally had difficulty

completingTask3 (I.P.).

Occasionallyhad difficulty

Occasionallyhad difficulty
completingTask6 (I.P.).

Occasionallyhad difficulty
completingTasks4&5
(I.P.& C.P.).

Occasionallyhad difficulty

Occasionallyhad difficulty
completingTasks4&5

completing Task 4 (C. P.).

).
" completing Task 3 (I P. -

completing Task 6 (LR).

Occasionally had difficulty

occasionally had dimcully
completingTasks3,4 & 5.
(I.P., C.P. & C.P.).

Occasionally had difficulty

Occasionally had difficulty

completingTasksS&6
(C.r. & I.P.).

completingTasks4&5
(l. P.& C.P.).

difficulty,
had
Occasionally
Tasks 3,4 &S

Occasionallyhad difficulty

Occasionallyhad difficulty

completing

completing Tasks 5&6

completing Tasks 4&S

(C.P. & I.P.).

(I.P., C.P.& C.P.
).

(C.P.& I.P.).

(I.P.& C.P.).

Occasionally had difficulty
completing Tasks 4&6

occasionally had difficulty
completing Tasks 3 4&S

completingTasks4&
(C.P. & I.P.).

Occasionallyhad diMculty
completing Tasks 4&6

(C"P"& I.P.
).

(I P C.P.& C.P.).

,

. .,

(U'. &CP)

Occasionallyhad difficulty
completingTasksS&6

(C.r. & I.P.).

Ocdasionallyhad difficulty
completingTasks4&5
P.& C.P.).

(I.

a

building
1

Pat

Ilyperhulic
Paraboloid
Roofs

rercpcctive
Projection
Occasionally had dirculty
completing Task S (I. 1'.).

Consistently completed all
Tasks successfully.

Mining
Applications

Roadworks
Geometry
em

(casionally had difficulty
completing Tasks S&6

Occasionally had difficulty
completing Task 4

(C.P.&IP.).
David

Occasionallyhad di
fficu
difficulty
Te

Michael

Justin

ff ,

Derek

S (

.

Consistently completed all

Occasionally had diMctdty
completing Tasks $&6

Tasks successfully.

(C.P.& I.P.).

Occasionally had difficulty
completing Task 4

Occasionally had difficulty
completing Tasks 4&S
(C. P. & I. P.).

Occasionally had diffictilly
completing Tasks 3&4
(I. P. & Cr. ).

Occasionallyhad difficulty

occasionallyhad difficulty
completingTasksS&6
(C.P.& I.P.).

occasionallyhad difficulty

(C.P.& 1.P.).

Occasionallyhad dimiulty
completingTasks3&4.
(I.P.& C.P.).

Occasionally had difficulty
completing Tasks 4&S

Occasionally had difficulty
completing Tasks 3&4

Occasionally had difficulty
completing Tasks IS&6

Occasionally had difficulty
completing Task 4.

completing Tasks 4&5

(C.P.& I.r.).

).
(I.P.& Cl'.
.
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Occasionally had difficulty
compl eti ng Tasks S&6
(C. P. & I. P.).

Occasionally had difficulty

completingTask4

completing Task 4

(C.P.& I.r. ).
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Table 4.10.

Plane &

Solid
Geometry

Group
Summary
Interview
2.
Data
for'
of
-

Intersecting

Planes&

required to complete Task 4
(C. P.) not being linked.

Linking of items of

knowledge required to
complete Task 3 (I. P.) not

being made.
Items of knowledge

David

Michael

requiredto completeTask4
(C.P.) not being linked.
items of knowledge
' Tesks
requiredto complete
4&6 (C.P.& I.P.) not
being linked.
Items of knowledgt

Justin

requiredto completeTasks
4&6 (C.P.& I.P.) not
being linked.
Itemsof knowledge

Derek

Building
Applications

required to complete Tasks

4 &6 (C.P.& I.P.) not
being linked.

Pat

David

the I. P. necessaryto
complete Task S.

occasionaldii)iculties with
the I.P. necessaryto
complete Task 5.

Difficulties with Tesk4

Michael

(C. P.) resulted In Task S

(I.P.) dlso not being
completed.

Justin

Derek

Linking of items of

knowledgerequiredto
compleld Task3 (I.P.) not

being made.

Linking of items of
knowledge quired to
te Tasks3,4&5
complete
(I"P"& C.P.s) not being
made
Linking of items of
knowledgerequiredto
completeTasks3, 4&5
(I.1'.& C.P.s) not being
inade.
linking of items of
knowledge required to

completeTasks3.4 &S
(I .P. &C . P.s) not being
made.

It)"perholic
Parnholoid
Roofs

Perspective
Projection

OccasionaldiMculties with

Dilfculties with Task 4
(C. P.) resulted in Task 5
(I. P.) also not being
completed
Difficulties with Task 4
(C. P.) resulted in Task 5
(I. P.) also not being
completed.

Con
Conic

Interpenetrations

icns

Contact

Skew Lines

Items of knowledge
Pat

Solids in

All knowledgerequiredto

complete Tasks evidenced.

items of knowledge

Items of knowledge

required to complete Tasks
4&S (I. P. & C. P.) not

required to complete Task 6
(I, P.) not being linked.

being linked.

hems of knowledge

Items of knowledge

requiredto completeTasks
4&5 (I.P. & C.P.) not

requiredto completeTask6

(I"P") not being linked.

,

being linked.

Items of knowledge
requiredto completeTasks
S&6 (C.P. & I.P.) not
being linked.

items of knowledge
required to completeTasks
4&5 (I.P. & C.P.) not
being linked,

items or knowledge
requiredto completeTasks
S&6 (C.P. & I.P.) not
being linked,

items of knowledge
required to completeTasks
4&S (I.P. & C.P.) not
being linked.
items of knowledge

Items of knowledge

required to complete Tacks

required to complete Tasks

S&6 (C.P. & I.P.) not
being linked.

4&S (I.P. & C.P.) not
being linked.
I
.-i

Roadworks
Geometry

Mining
Applications

Links betweenitems of

Links betweenitems of

knowledge required to

knowledge require) to

completeTasks5&6 (C.P.

completeTask4 (I.P.) not

& I. P.) not being trade.

being made.

All knowledgerequiredto
completeTalks evidenced,

Links betweenItemsof
knowledgerequiredto
completeTasks5&6 (C.P.

Links betweenitems of
knowledgerequiredto
completeTask4 (I.P.) not

Difficulties with the.I.P.

Links betweenitems of

required to complete. Task 3

also resultedin Task5

(C. P.) not being' completed,

& I. P.) not being made,

being made.

Links betweenitems of

knowledge required to

knowledge required to

completeTasks5&6 (C.P.

completeTask4 (I.P.) not

being made.

& I. P.) not being made.

Difficulties with the I. P.
required to complete Task 3.
.
also resulted in Task S
(C. P.) not being cnmploled.

Links between items of
knowledge required to
complete Tasks 5&6 (C. P.
& 1.P.) not being made.

Links between items of
knowledge required to
complete Task 4 (I. P.) not
being made.

Difficulties with the I. P.
required to complete Task 3
also resulted In Task 5
(C. P.) not being completed.

Links between items of
knowledge required to
complete Tasks 5&6 (C. P.
k I. P.) not being made.

Links between items of
knowledge required to
complete Task 4 (1.P.) not
being made.
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constructions associated with the completion of some procedures.
These students encountered difficulties in all the topics encountered.
They were most successful with solutions to Intersecting Planes &
Skew Lines questions where difficulties were confined to Tasks 4&6
(C. P. Level 2 and I. P. level 2 respectively) where conceptual
knowledge and working in reverse order from the second auxiliary is
required. In all other topic areas complementary and incremental
procedures caused difficulties where items of knowledge had to be
linked in order to complete a solution. These students often displayed
quite good draughting skills but, because they often failed to complete
a sufficient numbers of tasks across the required number of topics in
T. D. examinations, they did not score highly in examinations (Martin
and Micheal achieved Cl grades - with scores in the 65-69% range;
Denis achieved a C2 with a score in the 60-64% range; while
Stephen and Brian both achieved D1 grades with scores in the
50-54% range).
The students from this group usually completed the earlier tasks in all
topic areas. That is, they usually completed only the projections that
were given in the diagram accompanying the question together with
some parts of tasks which required the completion of first auxiliary
views (C. P.'s). Final tasks, which required the completion of
consecutive auxiliary views, were seldom attempted. If attempted, the
nature of the solutions were sometimes difficult to categorise and were
invariably incorrect.
Thus, students in Group 3 were not as successful in completing many
of the tasks which students from Group 2 included in their solutions.
They encountered some difficulties across the range of topics
examined. However, they did frequently complete the majority of tasks
associated with some questions. In Intersecting Planes, for example,
they often completed the projections of the planes (a Primary
Procedure) and found the dihedral angle (an Incremental Procedure)
without difficulty. In their solutions to Skew Lines problems (part of
the same question) they frequently completed the projections of the
lines (another Primary Procedure) but failed to find the shortest
distance between the lines (another Incremental Procedure). This failure
is sometimes due to the fact that they choose the wrong procedures
to address the problem. I. e., the rule of thumb which guides the use
William P. Bolger - M7137754

99

of an appropriate procedure is incorrectly applied. Denis describes how
this sometimes happens -

I know there are two methods, one for the shortest
perpendicular line and one for the shortest horizontal line. I
know we call one the planes method, but what confuses me is
that you have to use two auxiliary views whichever method
you choose.
The rule of thumb advises that the planes method should be used if
the shortest horizontal line is required while the auxiliary views
method is required to find the shortest (perpendicular) distance. As
Denis correctly states, it is necessary to use consecutive auxiliary
his
hence,
instances
in
both
(an
incremental
procedure)
views
confusion. He is typical of a student who gets the procedure
He
thumb
often went on to
of
confused.
with
a
rule
associated
it
discover
distance,
to
that
the
was not what
only
shortest
complete
happened,
in
When
the time within
the
this
solution.
was required
he
had
be
had
to
the
was unable
and
solved
elapsed
problem
which

to rectify his error, even when he recognised he had made one I left the Skew Lines 'til last, went through the whole
construction, and only realised at the end that I used
the wrong method to find the shortest line - there wasn't
enough time left then to go back and start over...
Other students from this group sometimes partially completed the
shortest distance between skew lines, having identified the correct
approach using the rule of thumb. However, having completed the
Incremental Procedure, which allows the position of the shortest line
to be located, they fail to bring the shortest line back through the
fail
Lines
Skew
to
they
the
the
to
original projections of
views
deficiency
in
is
This
the
a
conceptual
reverse.
complete
process
- they
are not linking their knowledge of the projection system to the
line
(found on the second
the
allows
shortest
procedure, which
auxiliary view) to be brought back to the original projections of the
Skew Lines.
Summaries of the data from observations, interviews and audio recordings for this group are detailed in Tables 4.11. and 4.12. below.
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Table4.11. Summary of Observation Data for Group 3.
-

I'l: ine &
Solid
Geometry

Intersecting
Planes&
Skew Lines

Michedl

Difficulty completing
Tack 6 (I. P.). Rarely

Martin

Denis

Diricully completing
Task 3 (1 P.) and "

Tasks4&5 (C.P.s) "

Difficulty completing
Task6 (I P.). Rarely
(usually unsuccessfully)

Difficulty completing
Task3 (I.P.) and
Tasks4&5 (C.P.s)

Difficulty completing
Task6 (I P.). Rarely
(usually unsuccessfully)
attemptedTask4 (C.P.).

Diffi culty completing
Task3 (I P.) and
.
Tasks4&5 (C.P.s)

attempted Task 4 (C. P.).

Difficulty completing
Task 6 (I. P.). Rarely
(usually unsuccessfully)

Conic

hilcrpenelraiinns

Sections

Contact

(usually unsuccessfully)
attempted Task 4 (C.P.).

Stephen

Solids in

Di(rculty, completingTasks
4, S&6 (C.P., C.P.& I.P.).

Difficulty compleiingTasks
4, S&6 (C.P., Cl'.
P.).
.&1.

Difficulty completingTasks
2,3 &4 (I.P.s).

Difficul completing
Tasks
)
2,3 &4 (I.P4

Difficulty completingTasks
4. S&6 (C.P., C.P. & I.P.).

Difficulty completingTasks
2,3 &4 (1.P.s).

Difficulty completing
Task 3 (I P ) and
. .
Tasks 4&5 (C. P.s)

Difficulty completing Tasks
4,5 &6 (C. P., C. P. & I. P.).

Difficulty completing Tasks
2,3 &4 (1.P.s).

Difficulty completing
Task3 (I.P.) and
Tasks4&3 (C.P.s)

Difficulty completingTasks
4.5 &6 (C.P.. C.P.& I.P.).

Difficulty completingTasks
2 3&4 (l. Ps).
,

attemptedTask4 (C.P.).

Brian

1nilding

\pplications

Miclýe51

Stephen

Difficulty completing
Task6 (I.P.). Rarely
(usually unsuccessfully)
attemptedTask4 (C.P.).

Perspective

Projection

hyperbolic

Paraboloid
Roofs

Mining

Applications

Geometry

Difficulty completing Tasks
2 3&4 (I P.s).
,
.

Difficulty completing Tasks
3 4&5 (C. P.. C. P. & I. P.).
,

Difficulty completing Tasks
3&4 (I. P. & C. P.).

Difficulty completing Tasks
S&6 (C P &1 P )
. ..
. .

Difficulty

Difficulty completing Tacks

Difficulty

completing Tasks

completing Tasks

3,4 &5 (C-P.. C.P.& I.P.).

3&4 (I.P. & C.P.).

5&6 (C.P.& l. P.).

Martin

Difficulty completingTasks
3,4 &.5 (C.P., C.P.& I.P.).

Difficulty completingTasks
3&4 (1.P.& C.P.).

Difficulty

completing Tasks

3,4,5&6

(C.P.s & I.P.).

Denis

Difficulty completing Tasks
3 4&5 (C. P., C. P. & I. P.).
,

Difficulty completing Tasks
3&4 (1 P. & C. P.).

Urinn

Difficulty completing Tasks
3.4&5
(C. P.. C. P. &I. P.).

Difficulty completing Tasks
3&4 (II'. &C. P.).
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Roadworks

Difficulty completing Tasks
3,4,5 &6 (C. P.s & I. P.).

Difficulty
3,4,5&6

completing Tasks
(C. P.s

Difficulty

completing Tasks

2.3 &4 (I.P.s).

Difficulty completingTasks
2,3&4 (f. P.s).

Difficulty completing Tasks
2,3 &4 (I. P.s).

Difficulty

completing Tasks

2.3 &4 (LPs).
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Table4.12. Summary of Interview Data' for Group 3.
-

Plane&
Soli)
Geometry

Micherel

Intersecting
1'Innes&
Skew Lines

Solids in
Contact

Procedural difficulty with

Not linking items of

Tack6 (1.P.). Unable to link

knowledgerequiredto

items of knowledge needed
to complete Task 4 (Cl'. ).
,
Procedural difficulty with

Tesk6 (I.P.). Unable to link

Slcphen

Martin

ZZuilding

'%PPlIcations

Stephen

knowledgerequiredto

Proceduraldifficulty with
Task6 (I.P.). Unable to link
items of knowledgeneeded
to completeTask4 (C.P.).

Not linking items of
knowledgerequiredto
completeTasks3,4 &5
I
(I.P. & C.P.s).
Not linking items or. *

knowledgerequiredto
completeTacks3,4 &S
(I.P. & C.P.s).
Not linking items of
knowledge required to
complete Tasks 3, 4&5
(1.P. & C. P.O.

Ihrcrhnlic
Pnraholnid

Perspective
Projection

with C. P.s and

I.P. requiredto complete
Tasks3.4 & 5. Not linking
items of knowledge.
Difficulties with C.P.s and
I.P. requiredto complete
. Tasks3,4 & 5. Not linking
items of knowledge.

Difficulties with C.P.s and
Martin

Not linking items or

(I.P. & C.('.s).

Diriculties

Michell

complete Tasks 3,. 4 &5
(I. P. & C. P.s).

to completeTask4 (C.P.).

Procedural difficulty with
Task 6 (I P.). Unable to link
.
items of knowledge needed
to complete Tack 4 (C. P.),

[Irian

r

complete Tasks 3.4 &S

Task6 (I.P.). Unable to link
items of knowledgeneeded
to completeTask4 (C.P.).

Denis

Interpenetrations

items of knowledge needed

Procedural difficulty with

I. P. required to complete
N ot li nkin g
T ask s 3 4&5
.
items of, knowledge.

Conic
Sections

Procedural difficulties with

Procedural difficulties
cults with

Tasks4, 5&6

Task3 (P.P.). Not linking

s&

items of knowledge for
Tasks 2&4 (C. P. & LP,).

I p)

Procedural difficulties with

Procedural dltTicullics with

Task3 (P.P.). Not linking

Tasks4 5&6 (C.P.s &
,
1.P.).

items of knowledge for

Tasks2&4 (C.P. & ).P.).

Proceduraldi
tics with
Tasks4 S&66 (C.P.s &
,
1"P').

Proceduraldifficulties with
Task3 (P.P.). Not linking
items of knowledgefor
Tasks2&4 (C.P. & I.P.).
Procedural difficulties with

Proceduraldifficulties with
Tasks4, S&6 (C.P.s &
1.P.)"

Task3 (P.P.). Not linking
items of knowledgefor
Tasks2&4 (C.P. & ).P.).

Procedural difficulties with
7 asks 4,5 &6 (C. I'. s &
I, P,),

Procedural difficulties with
Tack 3 (P.P,). Not linking
items of knowledge for
Tasks 2&4) (C. P. & l. P.
.

Roadworks
Geometry

Mining
Applications

Roofs
Not linking items of
knowledgerequiredto
completeTasks3&4
(I.P. & C.P.).

Not linking items of
knowledgerequiredto
completeTasks2,3 &4

Not linking Itemsof
knowledgerequiredto
completeTasks5&6
(C.P.& I.P.).

(I. P. & C. P.).

Not linking items of
knowledgerequiredto
completeTasksS&6

(C. P. & I. P.).

Not linking items of
knowledgerequired to
completeTasks2,3 &4

Not linking items of

Not linking items of

Not linking items of

Not linking items of
knowledgerequiredto
completeTasks3&4

knowledge required to
complete Tasks 3&4i
(I. P. & C. P.).
Not linking items of
knowledge required to
complete Tasks 3&4
(I. P. & CP. ).

knowledge required to
completeTasks5& 6
(C.P. & 1.P.).

(1.1's).

Not linking items of
knowledge required to
complete Tasks 5&6
(C. P. & I. P.).

Not linking items of
knowledge required to
complete Tasks 2,3 &4
(l. P.s).
Not linking items of
knowledge required to
complete Tasks 2,3 &4

Denis

Difficulties with C.P.s and
I.P. required to complete
Tasks 3.4 & 5. Not linking
items of knowledge.

Ilrian

Dirculties with C. P.s and
I. P. required to complete
Tasks 3.4&5.
Not linking

Not linking items of
knowledge required to
complete Tasks 3&4

Not linking items of
knowledge required to
complete Tasks 5&6

items of knowledge.

(I.P.& C.P.).

(C.P.& I.P.).
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knowledge required to

completeTasks2,3 &4

(I.P.s).
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Many of the tasks these students compete in their solutions are
correct - but they frequently leave many tasks incomplete or
unattempted.

Group 4
Students in this group successfully completed only the less complex
initial and complementary procedures and often had difficulty with
higher level procedures from these classifications. Thus, (usually) only
those tasks which involved the construction of the initial diagram
(P.P.'s) in each topic area were made without any further attempt to
address the major tasks involved in the completion of solutions.
Their knowledge of rules of thumb was also seriously deficient and
their solutions were often inappropriate as a result. These students
did
but
incremental
they
they
when
procedures
rarely attempted
invariably made serious errors, often related to the deficiencies in their
knowledge of rules of thumb alluded to above. Although some of
these students displayed quite high levels of draughtmanship they
tended not to score well in T. D. examinations because they frequently
in
limited
tasks
the
each topic area.
number of
attempted only a very
In the Leaving Certificate T. D. examination Kenneth, Cathal, Enda,
in
40-44%
D3
the
Trevor
range.
scoring
grades all achieve
and
The students from Group 4 frequently found (even) drawing the
(Primary
but
the
configurations
simplest
or
solids
projections of all
Procedures) problematic. Many questions require that some work must
be carried out in order to reproduce the diagram given in the
before
be
This
the tasks which address the
completed
must
question.
draw
from
be
Students
this
often
group
addressed.
problem can
inappropriate views or ignore the specifications outlined in the
question. Enda describes how he drew the projections of a square
its
base
into
had
be
to
was
where
a position
rotated
pyramid which
inclined at 30' to the Horizontal Plane.
WPB
Enda
WPB
Enda

Enda, can you describe what you have done here?
I just drew the elevation and plan that was given in the
question.
Are they the same - your projections and the given diagram?
Yes, I think so.
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Enda's concept of what was portrayed in the question was flawed, and
he continued with his solution based on his original misconception.
Students from this group often completed first auxiliary projections
(C. P.'s) but found it difficult to complete successive auxiliary views
(I. P.'s). The rules of thumb which guide work on first and second
i.
the
students
e.
applied
auxiliary views were often not rigorously
appeared to know the rules but failed to apply them rigorously.
For example Trevor describes drawing an auxiliary plan in an
Interpenetrations problem -

Trevor

I projected from the elevation and measuredfrom the

WPB

plan.
And is your auxiliary plan correct?
I know I've done it the right way...

Trevor

He had competed an auxiliary plan. However, he did not apply the
lines.
So
the
projection
appropriate
correct measurements along
his
for
followed
he
thumb
the
auxiliary plans
rule of
although
his
(because
poor
of
application of the rule was not accurate enough
drasughting skills) and a misshapen auxiliary view resulted. In turn,
this made it impossible to complete the appropriate incremental
procedure required to complete the solution.
Summaries of the data from observations and interviews for this group
below.
4.14.
in
4.13.
detailed
and
are
Table 4.15. below gives the Leaving Certificate T. D. Examination
in
discussed
terms of the
for
the
above
students who are
results
the
is
It
that
I
into
of
them.
some
noting
worth
placed
which
groups
their
in
than
better
3
from
Group
the
examination
performed
students
2.
in
Group
counterparts
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Table 4.13. Summary of Observation Data for Group 4.
Plane &
Solid

Intersecting
Planes &

Solids in

Geometry

SkewLines

Contact,

Completed Tasks 1 &5
). Consistently failed
to complete Tasks 2,3,4 &

Kenneth

6 (C.P.s & I.P.s).

Completed Tasks I&S
Consisteptly failed

Calhal

.
Tasks2
2,3,4 &
to complete
coote
6 (C.P.s & 1.P.s).

CompletedTasks1&S
). Consistentlyfailed
to coTasks
2,3,4 &
complete
6 (C.P.s & I.P.s).

Enda

CompletedTasksI&5
(P.P.s). Consistently ailed
to completeTasks2.3.4 &

Trevor

6 (C. P.s & I.P.s).

Consistentlyfailed to
complete Tasks 1 2&3
,
P.
&
1"P-s).Tasks 4&5
(P.

e
correct when
ted.
attempted.
Consistentlyfailed to
complete Tasks I. 2&3

(P"P.'& I.P.s).Tasks 4&5
(C,P.s) rarely correct when
Attempted.
Consistentlyfelled to..
completeTasks1, 2&3
(P.P.& 1.P.s). Tasks4&5
(C.P.s) rarely correct when
attempted.
Consistentlyfailed to
completeTasksI. 2&3
(P.P. & I.P.S) Tasks 4&5

(C. P.s) rarely correct when

attempted.

Building

perspective

Ilyperbolic

Applications

Projection

Paraboloid
Roofs

Conic
Sections

interpenetrations

CompletedTasksI&3

Consistentlyfailed to

(P.P.s). Occasionally failed
to complete Task 2 (C. P.).
Invariably had difculty

complete Tasks 2,3,4,5
&6 (C.P.S & I. I'. ).
Sometimes had difficulty
kI
I ). ý
Task

completingTasks4 S.5

(I

with

(I. P. & C. P.).

Completed Tasks I&3
(P.P.s). Occasionally failed

Consistentlyfailed to
complete Tasks

3,4,

S

&6 (C.P s&I. P.)
.
.
Sometimeshad difficulty
with Task1 (P.P.).

to completeTask2 (C.P.).
Invariably had dimcuity"
completingTasks4&5
(I.P. & C.P.).

Consistentlyfailed to
completeTacks2.3,4. S
&6 (C.P.s & I.I'.).
Sometimeshad difficulty
with Task I (P.P.).

CompletedTasksI &3
(P.P.s). Occasionallyfailed
to completeTask2 (C.P.).
Invariably had difficulty
completingTasks4&5
(LP. & C.P.).

Consistentlyfailed to
completeTasks2.3,4,
&6 (C.P.s & I.P.).

S

Sometimes had difficulty

with Task I (P.P.).

CompletedTasksI&3
). Occasionallyfailed
Task2 (C.P.).
to complete
co
Invariably had dilTiculty
completing Tasks 4&5

(I. P.& C.P.).

Roadworks
Geometry

Applications

Consistentlyfailed to
completeTaks3.4.5&6
(C.P.s & I.P.).

Consistentlyfailed to
&4
2,3
Tasks
complete
(I.P.s).

Kenneth

Consistentlyfailed to
completeTasks3,4 &5
(C.P.s & I.P.).

Catlial

Consistentlyfailed to
completeTasks3, 4&5
(C P s&I P )
. ..
. .

Consistentlyfailed Id
completeTasks2,3 &4
(C.P.s & I.P.).

Consistentlyfailed to
completeTaks3,4,5 &6
(C.P.s & I.P.)"

Consistentlyfailed to
completeTasks2,3 & 4
(I.P.s).

Enda

Consistently failed to
complete Tasks 3,4 &5

Consistently failed to
complete Tasks 2,3 &4

Consistently failed to
complete Taks 3,4,5 &6

Consistently failed to
complete Tasks 2.3 &4

(C.P.s & 1.P.).

(C.P.s & I.P.).

(I.P.s).

Consistently failed to

Consistently failed to

completeTaks3.4,5 &6
(C.P.s & I.P.).

S.
4
2,3
Tasks
complete
(I. P.s).

(C.P.s & I.P.).

Trevor

Consistentlyfailed 16
completeTasks2,3 &4
(C.P.s & I.P.).

Consistently failed to

Consistently failed to

completeTasks3,4 &5
(C.P.s & LP.).

completeTacks2,3 &4
(C.P.s & 1.P.).
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1-sb1e

4.14.

Plane &
Solid
Geombtry

Summary
Interview
Data for Group 4.
of
-

Intersecting
Planes&
Skew Lines

Comprehensive

Kenneth

Solids in
Contact

dge

les of
only
y oofP.P.s. Rules
o

thumb not known.

Cathal

Enda

bevor

t L1ildinB
`i'plications

Comprehensive knowledge
only of P.P.s. Rules of
not known .

Comprehensive
knowledge
only of P.P.s. Rules of
thumb not known.

Comprehensive knowledge
only of P.P.s. Rules of
thumb not known.

Perspective
Projection

Difficulty
ir lty with

required to

Task 1. Rules of thumb not
known. Links not made.

Difficulty with p. p.
required to complete
Task
I.. Rules of thumb not
known
knownn:Links

not made.

Difficulty with P P.
.

required to complete

Task1 Rules of thumb riot "
.
known Links not made. '
.
Difficulty with P.P.
required to complete
Task 1. Rules of thumb not
known. Links not made.

Hyperbolic
Paraboloid
Roofs

Interpenetrations

Comprehensive knowledge
only of P.P. required to

complete.C.P.s & I. P.
needed to complete solution
not known.

Conic
Sections

Comprehensive knowledge
only of P.P.s required to

completeTasksl&3.

C.P.s

& I.P. needed to complete
solution not known.

Comprehensive knowledge
only of P.P. required to

Comprehensive knowledge
only of P.P.s required to

completeTask 1. C.P.s &

completeTasksI&3.

C.P.s

I. P. needed to complete

& I. P. needed to complete

solution not known,

solution not known.

knowledge
Comprehensive
only of P.P. requiredto
completeTask I. C.P.s &

Comprehensive
knowledge
only of P.P.s requiredto

P.s
complete Tasks I&&33.
.CC..

solution not known.

& IP
a to complete
solution not known.

Comprehensive knowledge
only of P.P. required to
complete Task 1. C. P.s &
I"P. needed to complete
solution not known.

Comprehensive knowledge
only of P.P.s required to
complete Tasks I&3. C. P.s
& I. P. needed to complete
solution not known.

I. P. needed to complete

Mining
Applications

Roadworks
Geometry

Rules of thumb not known.
Not linking items of
knowledge which would
allow a solution to be
completed.

Procedural difficulties with
Task 2 (C.?. ): Not linking
items of knowledge for
Tasks 3&4 (1.P. & C.P.).

Procedural difficulties
(C. ies with
Tasks 3,4 &5
). Not
linking items orf knowledge
to complete Task 6 (I. P.).

Rules of thumb not known.
Not linking items of
knowledge which would
allow a solution to he
completed.

Procedural difficulties with
Task 2 (C. P.). Not linking
items of knowledge for
Tasks 3&4 (I. P. & C.P.).

Procedural difficulties with
Tasks 3,4 &5 (C. P.s). Not
linking items of knowledge
to complete Task 6 (I. P.).

Nut linkingg items of
knowledge which would
allow Tasks 2, 3&4 (I. P.s)
to be completed.

Enda

Rules of thumb not known.
Not linking items of
knowledge which would
allow a solution to be
completed.

Procedural difficulties with
Task 2 (C. P.). Not linking
items of knowledge for
Tasks 3&4 (1.P. & C.P.).

Procedural difficulties with
Tasks 3,4 &5 (C. P.s). Not
linking items of knowledge
to complete Task 6 (l. P.).

Not linking items of
knowledge which would
allow Tasks 2,3 &4 (t. P.s)
to be completed.

Trevor

Rules of thumb not known.
Not linking items of
knowledge which would
allow a solution to be
completed.

Procedural difficulties with
Task 2 (C. P.). Not linking
items of knowledge for
Tasks 3&4 (l. P. & C.P.).

Procedural difficulties with
Tasks 3,4 &5 (C. P.s). Not
linking items of knowledge
to complete Task 6 (I. P.).

kenneth

Cathal

Gilliam
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Not linking items of
knowledge which would
allow Tasks 2,3 &4 (I. P.s)
to be completed.

Not linkin g items of
knowledge which would
(I. P.s)
allow Tasks 2.3&4
to be completed.
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Table 4.15. - Leaving Certificate T. D. Examination Results
Group 1

Group 2

Group 3

Group 4

Carl Al

Pat B3

Micheal D1

Kenneth D3

Gary Al

David B3

Stephen D1

Cathal D3

Päraic B2

Michael Cl

Martin Cl

Enda D3

Oliver B2

Justin D1

Denis C2

Trevor D3

Derek Cl

Brian D1

A1=100%-90%; A2=89%-85%; B1=84%-80%; B2=79%-75%;
B3=74%-70%;

C1=69%-65%; C2=64%-60%;

D1=54%-50%;

D2=49%-45%;

C3=59%-55%;

D3=44%-40%.

Self-Regulation
According to the literature, self-regulation involves planning, checking
Examples
of
strategies.
outcomes of strategies, evaluating and revising
these control functions were evidenced in the data from interviews and
audio-recordings from many of the topics examined. A summary of the
data are included in Table 4.16.. However, I encountered evidence of
from
Groups
in
function
students
only
self-regulation or metacognitive
1 and 2. Students from the other groups may also have used self
2
from
Groups
1
but
to
observed
were
and
only
students
regulation
begin a solution, discard the work they had begun and approach the
different
different
types
though
procedures,
not necessarily
work using
in
from
Students
their
these
changes
groups
explained
of procedure.
during
interviews
followed.
For
in
the
an
example,
which
approach
audio-recording of Pat from Group 2 and Denis from Group 3
discussing and working on the solution of Task 4 of an Intersecting
Planes & Skew Lines problem Pat obviously decided that the procedure
they were executing was not going to be successful - they were trying
to find the projections of a line perpendicular to one of the planes
they had drawn earlier -

Pat

Draw a horizontal line across the elevation passing through
point C.

Denis I've done that - now what comes next?
Pat
O. K. - draw that line on the plan.
Denis By projecting the ends that pass through AD and BD?
Pat
Yes, that's right - then draw a line from C perpendicular
to that on the plan -no wait a minute! Go back to the
William P. Bolger - M7137754
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start again. We have to get an edge view of AID first...
Draw a level line on ABD... OK now draw an auxiliary
to show the level line as a point...
Denis You mean along the true length?
Pat
Yes... now draw C on this auxiliary.
Denis OK I've done that... the line we want is at right angles to
the edge view of the plane... right?

Pat

That's it on the auxiliary, but we still have to get it back to
plan and elevation.

The original procedure Pat was following was a strategic C. P. used to
find the shortest horizontal line from a given point to a plane. As the
construction progresses Pat appeared to realise (possibly as a result of
visualisation as described in Chapter 2) that the resultant line was not
going to be perpendicular to the plane. He then reverted to another
strategic procedure (another C.P. ) which did indeed yield the desired
result. He appears to have been evaluating the outcomes of the earlier
procedure as Denis drew.
WPB
Gary

Why did you draw those three first auxiliary elevations?
I wasn't sure exactly where to take the auxiliary to find the
distance that was asked for. I thought I knew where to draw
the view, so I drew the first auxiliary, but the line I wanted
wasn't right when I'd finished it. So I drew another view, there
wasn't much involved really, just the projection of six points,

WPB
Gary

so it didn't take too long.
But you drew another auxiliary?
Yes. When I drew the second one I knew where I'd been
going wrong. So the third auxiliary gave me the correct
solution, I think?

This is an example of the interaction of the drawing he was making
and his thinking about possible solutions. He did not have a
procedure which he could automatically use here. So he used
complementary procedures which he had used in other problem solving
situations. The construction of these different C. P.'s to advance his
thinking on the problem is an example of a third order procedure or
control function such as that described by Stevenson (1994, pp.
13-14) where Gary was switching between specific and strategic
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procedures to determine a solution - which his third auxiliary view
enabled him to do.

Another example sees Carl attempt a number of times to determine
the traces of a tangent plane to touch two solids in a 'Solids in
Contact' question.
He was observed drawing a cone enveloping a sphere and noting the
position of the horizontal trace of this cone on the Horizontal Plane.
He then drew traces of a plane and marked them VTH (the
designation of a plane; Vertical Trace and Horizontal Trace. These are
combined into VTH). However, he almost immediately reversed the
orientation of the enveloping sphere and drew another set of traces
related to this second cone - the traces of the required plane.
Afterwards he explained his actions.
Carl

I knew that I'd need to draw a cone around the sphere to
get the angle of the plane. But when I had it drawn it didn't
seem to me to be sloping in the direction I thought it should.
So I inverted the cone around the sphere and drew the traces
it
in
Once
I
drawn
knew
I
tilted
the
the
traces
saw
was
again.
right direction.

When Justin (Group 2) was working on the solution of a skew lines
question he was observed drawing an auxiliary elevation at right
angles to the plan of one of the skew lines. This auxiliary view gave
him the true length of one of the skew lines and constitutes one part
of an Incremental Procedure. However, it was not an appropriate first
view to draw in the Incremental Procedure which was required to
complete the task he was working on. Once this view was completed
however, he began work on a Complementary Procedure to construct
a triangular plane, seeming to abandon his earlier work. Once the
Complementary Procedure was completed he went on to complete an
appropriate incremental procedure which allowed him to complete the
task correctly.
I asked Justin during the interview which followed why he had
abandoned his original work -
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Justin When I had the auxiliary elevation drawn (the first one I
drew) I realised that I had picked the wrong method. I
wouldn't have been able to find the shortest horizontal distance

between the lines if I carried on and drew the second
auxiliary. So I had to go back and start over. But I didn't
have time to draw the whole lot again so I just left it as it
was and started off by drawing my triangle. When I was ready
to " draw the auxiliaries there wasn't much room and I ended up
with them superimposed on the first elevation I drew - but that
didn't effect the solution, it was correct the second time round.
In the example above Justin checks the outcomes of his strategies and
evaluates them. This demonstrates elements of self-regulation.
Similarly Pat (Group 2) appeared to change his approach to drawing
an auxiliary plan when drawing the solution of an Interpenetration
question. This question involved a cone and a triangular prism and it
was the approach to drawing the cone on the auxiliary plan that he
changed - demonstrating an aspect of self-regulation.
Then he was observed dividing the projections of the cone (elevation
and plan) to show twelve generators equally positioned. However,
when it came to drawing the auxiliary plan he did not use these
generators at all, drawing the elliptical base of the cone on this
auxiliary view using the concentric circles method (a very quick
method of drawing an ellipse). When I asked why he had done this
in the interview which followed he explained
Pat

I started to draw the elevation and plan of the given cone
and I automatically began to divide it to show generators, like
we always do. I knew I'd be able to draw the auxiliary
plan using these generators but then I thought... I'm going
to have to draw lines on the surface of the cone to find
the entry and exit points, and if I already have generators
drawn I'm going to be totally confused. So I decided to leave
the generators out of the auxiliary plan and just draw the
shape of the base using concentric circles.

Whereas the work of students from Groups I and 2 evidenced at
least some aspects of the self-regulatory process students from Groups
William P. Bolger M7137754
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"1'able4.16. - Summary of Audio-Recording

rinne & Solid
Geometry

Group

I

Croup 2

Group 3

Groups.
Across
Data
Pairs
of

SolidsIn
Contact

IntersectingPlanes
& SkewLines

Inlerpenetrrtlinns

Conic Sections

Evidence of planning,
checking, evaluating
and revising strategies.
Evidence dso of
vlauallsallon from a
knoeledge perspective.
Evidence of planning,
checking. evaluiiling
and rev isi ng st r ate gies.
Evidence riso of
vlsonlisatlon from a
knowledge perspective.

Discussedthe completionof P.P.'s, C.P.'s and 1.1'.'n.
Seldomcompleted other than P 1' 's Cl' '. and I P ', Discussed
. . . . .
. .
only In terms of how to complete procedures. No evidence
of self-regulstlon or vlsuallsatlon from a knowledge perspective.
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3 and 4 seldom made any attempt to check the outcomes of their
strategies or evaluate their solutions in respect of their attainment of
desired goals. For example, when Cathal attempted Perspective
problems he seldom varied his approach. He always began by
attempting to draw the projections of the building or monument which
was the subject of the problem. It is not necessary (usually) to draw
an elevation and plan- a R. o. T. advises this. However, Cathal did
consistently draw both elevation and plan, apparently unaware of the
first three rules of thumb for these problems which advise that
*

the drawn solution should begin with the spectator,

*

that the plan should be completed next, and

*

that the elevation of the building or monument should
only be drawn when absolutely necessary.

Cathal usually continued with the set-up for the perspective and
positioned the picture plane touching the corner nearest the spectator,
irrespective of the required position. He seldom attempted any part of
the perspective view - rather he treated it as an auxiliary elevation, and
even here he did not use proper Orthographic or Perspective
Projection. He continually used the wrong procedures. In his work
Cathal did not appear to display any aspect of self-regulation.
From the examples cited above some aspects of the types and levels
of knowledge discussed in the literature can be identified.
Visualisation
Viewed from a graphicacy perspective, visualisation involves the mental
manipulation of two- or three-dimensional configurations. Great
importance is attached to this notion and it is regarded as one of the
two most important aspects of spatial ability (the other being
internalisation) and an essential attribute in solving two- and
three-dimensional problems.
I believe there is evidence to support a view of visualisation which is
not internalised mental activity as discussed in Chapter 2, but rather a
form of knowledge which allows students to predict what drawn
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solutions are likely to resemble. This allows some (though not all)
students to see the development of the solution before it is drawn on
the paper. This form of knowledge would be used in conjunction with
procedural, declarative conceptual knowledge to build possible
solutions. The source of this form of knowledge is the students
experience of preparing solutions to problems.
For example, students from Groups 1 and 2 usually position their
initial drawings (P.P. 's) on the paper such that subsequent work may
be adequately accommodated. In Interpretation questions for example,
these students know that the given projections (plan and elevation) of
the intersecting solids have to be drawn, followed by an auxiliary plan
which will allow the exact nature of the interpenetration to be
determined. Auxiliary plans are usually (though not always) projected
downwards from the given elevation so space to accommodate this
view must be left on the drawing paper. Experience of doing
Interpenetration questions (and other questions) allows students to
know, by developing their own R. o. T. 's, that when the projections of
solids are positioned in particular ways in the question that the overall
shape of the solution (encompassing all views) will require particular
spacing and orientation on the drawing paper. Students often describe
this as 'planning out their drawing'. Here they are not referring to the
content of the drawings which will constitute a solution, rather they
are speaking of the arrangement of the drawings. Thus students
visualise how the drawings which make up the solution will look when
drawn out on the paper. They are using their knowledge of what
drawings are likely (in their experience) to comprise an appropriate
solution. In this way visualisation is a type of knowledge separate
from the procedural, declarative or conceptual knowledge of the topics
being dealt with.
Students are not necessarily (though they may be) using their
procedural or conceptual knowledge of what the content of the
solution may be when visualising what the solution is likely to be.
Carl's (from Group 1) visualisation appeared to be particularly well
developed. This was evidenced in the layout of the drawings which
comprised his solutions across the range of topics examined. His
visualisation of the solution usually allowed him to position all the
drawings required for particular solutions without ever superimposing
William P. Bolger - M7137754

113

(drawing one over another) them. In one interview which followed his
completion of the solution to an Interpenetrations problem Carl
explained I look at the first bit of the drawing I've made...
or sometimes at the diagram that's given on the
question paper... they're all much the same, just
different solids, and I can see the direction I have
to draw the auxiliary plan in... I know then by the
space on the drawing sheet where I have to put it...
He was using his experience of drawing interpenetrating solids to
suggest how the arrangement of drawings would appear when
fashion.
in
drawing
He
his
complete.
approached
all
solutions
a similar
Students were in a position to visualise the arrangement of drawings
for solutions only after the projections had been drawn. This highlights
the link between the activity involved in the drawing of the solution
as opposed to the notion of visualisation as mental activity alone
advanced by the graphicacy perspective. This is usual in my
experience and is evidenced in some of the interview data. For
example, I asked David if he had an image of a pair of Intersecting
Planes from reading the co-ordinates No... obviously I know the positions of the corners
of the panes from the co-ordinates... but until I index
them in elevation and plan and join them in the given
order I don't know what they look like ...even then
it's hard sometimes to picture them... you know,
especially on the plan...
Students from Groups 3 and 4 did not appear to visualise their
finished solutions. Despite using A2 (relatively large) drawing paper
throughout the study, these students almost invariably run out of space
for some parts of their solutions especially when there is pressure of
time during examinations. At the very least they could be described as
less successful in visualising. For example, when drawing his solution
to a Mining question Kenneth was observed to draw an X-Y line
very close to the left hand side of the drawing paper. He
subsequently ran out of space when he tried to draw the auxiliary
views (C. P.'s) necessary to complete the projections of the boreholes.
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When questioned afterwards about his positioning of the solution he
appeared not to have been able to visualise what the completed
solution would entail Kenneth

I was just trying to draw the boreholes. I marked in
the altitudes of the points and their positions on the
plan, but when I drew the directions on plan I didn't
have any room for the auxiliaries.

WPB
Kenneth

Did you think about the solution before you started?
Yes, I knew I'd have to draw two auxiliaries, one for
each of the boreholes, but I just ran out of space to
draw them.

WPB

But you had a lot of space to the right of your
drawing?

Kenneth

Yes, but I couldn't draw the views over there!

Although Kenneth appeared to be aware of the procedures required to
complete the question he appeared simultaneously to be unable to
visualise how the overall solution might emerge from completing these
procedures.
Visualisation may be viewed as a form of knowledge where the
student uses the drawings which result from using procedural (and
conceptual) knowledge, stage by stage during construction, to suggest
further action. What distinguishes it from other types of knowledge
described here (and elsewhere) is its association with the drawing
under construction. It is not solely knowledge about cognitive
resources (procedural and/or conceptual) or about when it is
appropriate to switch between them. It is knowledge inextricably linked
to the action of constructing the drawn solution. It is in effect, a way
of knowing by looking at the drawings already completed, what
procedural (and conceptual) knowledge needs to be used to construct
an appropriate solution. In this way visualisation could be compared to
a metacognitive function which encompasses self-regulation.
Indeed students often use their partially constructed drawings to
dictate their approach to completing a solution where knowledge
relating to the topic is deficient in some way. Derek from Group 2
for example often used the projections of boreholes drawn in the
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earlier tasks in Mining Application questions when attempting Tasks 5
&6 the extra borehole. He was attempting to relate the work he had
already completed to the solution of this fmal part of the problem.
Thus, rather than being solely in the head, visualisation is rather,
inextricably linked to the actions of making the drawings on the
board. It is also inextricably linked to the procedural (and conceptual)

knowledge and can therefore, be dealt with specifically by the T.D.
teacher and learned by the T. D. student in the classroom.
These comparisons can be made across all the topics in which
in
T. D.
in
Examination
Leaving
Certificate
the
students are examined
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Carl from Group 1
This students consistently completed all the tasks required to draw
appropriate solutions to questions across the full range of topics
examined at Leaving Certificate level. That includes both topics
detailed in the text and in appendices.
From a knowledge perspective therefore, he could be said to have
comprehensively demonstrated that his knowledge of the topics is
extensive. This success is also reflected in the grade Al (90 - 100%)
he received in his Leaving Certificate T. D. Examination. He knew how
to complete all simple (Primary) and strategic (Complementary and
Incremental) procedures. He also demonstrated the declarative
knowledge (constructions, facts and rules of thumb) necessary to
compete tasks in conjunction with appropriate procedures. He also
displayed a level of control and self-regulation which allowed him to
use his declarative and conceptual knowledge with appropriate
procedures to appropriately address the question.
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Table 4.17. - Differences Between Selected Individuals Across Groups
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The graphicacy perspective would attribute his success in completing
solutions to the development of his spatial ability. Thus, in the
question on Interpenetrations for example, when he completed the
projections of the intersecting solids (Tasks I- 3) the drawn solution is
regarded as the final (communicative) stage of graphicacy - i. e. the
completion of these projections is regarded as evidence that he has
developed a three-dimensional mental image of the solids based on the
two-dimensional image which is presented to him in the question. This
assumes a certain type of cognition based on evidence provided in the
drawn solution. A knowledge view of what has been done, on the
other hand, would say that he has successfully completed procedures that is the only assumption that is made - he knew how to complete
the procedures (P.P. and C. P.'s).
Drawing the auxiliary plan (Task 4 C. P. Level 3), is evidence that he
is aware of the strategic nature of this auxiliary view viz a viz the
line
completion of an adequate solution. When he drew his Xl-Y'
perpendicular to the angle of the interpenetrating prism he was using
a strategic procedure and rule of thumb which would yield the desired
result. That he drew this is not evidence, as the graphicacy
perspective would argue, that he can imagine a rotating
three-dimensional configuration or imagine how the configuration would
appear if viewed from a position other than that given in the diagram
accompanying the question. It indicates rather, in knowledge terms,
that he is aware of the procedural knowledge involved in constructing
consecutive views which will address the questions asked.
Similarly, when completing the exact points (C. P. Level 4) and lines
of interpenetration (I. P. Level 3) he is using strategic procedures in
conjunction with rules of thumb to construct an appropriate solution.
It is a control or self-regulatory function governing all his knowledge
which allowed him to select an appropriate strategy from those
available to him.
Michael

from Group 2

This student consistently completed the tasks associated with the range
of topics as discussed above for all students in Group 2. When his
performance is examined it reveals that he was less successful in
completing specific and strategic procedures than Carl from Group 1.
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This is reflected in the Cl grade (65-69%) he received in the Leaving
Certificate T. D. examination. He was however, reasonably successful in
completing tasks during observations and both interview and
audio-recorded data indicated that his declarative and procedural
knowledge was reasonably comprehensive. However, on the occasions
where it was necessary to link items of knowledge to complete
aspects of a solution he frequently failed to do so. This failure to
complete final tasks across the range of topics suggests that his
knowledge of the concepts associated with the topics and solutions
was deficient despite his declarative and procedural knowledge. His
draughting skills however, were also of a very high standard and his
solutions (although often incomplete) reflected this. Since he often did
not complete all required tasks he usually completed his solutions well
within the limits of time imposed on him.
Thus, for example, when drawing the solution of a Mining
Applications question Michael readily completed Tasks 1-4

(P.P. and
C.P.'s) with relative ease allowing him to score relatively highly. He
was also aware of the necessity to work back from the auxiliary view
when addressing Tasks 5-6 but was often unable to apply this rule
of thumb in constructing his solutions. Thus, although he demonstrated
a high level of procedural knowledge in completing Tasks I-4 and
possessed the declarative knowledge which was necessary to address
Tasks 5-6 he was in practice, unable to link the items of knowledge
in order to complete the solution.
Martin

from Group 3

This student successfully completed only earlier tasks across the range
of topics. Later tasks involving the drawing of first and second
auxiliary views (C. P. 's and I. P. 's) were usually only partially, and often
incorrectly, completed. Despite his relatively limited success in
completing solutions during the study he performed relatively well in
the Leaving Certificate T. D. examination where he achieved a Cl (65
69%)
grade.
In terms of his knowledge and its use, Martin was similar to students
from Group 2 above, but he was not as consistent in the completing
the procedures required to complete all tasks. Ile also made errors in
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the application of rules of thumb and his declarative and conceptual
knowledge also proved inadequate.

For example, although he frequently completed Task 3 (C.P. Level 4)
of the Mining Applications question- including drawing the projections
of a level line on the triangular plane - he frequently failed to
complete the procedure required to address Task 4 (C. P. Level 5)
despite (apparently) being aware of the necessity to draw an auxiliary
elevation related to the level line. Thus his failure to complete earlier
procedures resulted in an inability to complete later ones.
When dealing with Roadworks Geometry he frequently completed all
necessary I. P.'s required to deal with the works required for sloping
roads. However, when addressing Task 4 (a further I. P. Level 3) he
usually failed to link the knowledge used earlier for the work

associatedwith the road to the work required for the parking area.
Despite his procedural, declarative and conceptual shortcomings Martin
displayed quite high levels of draughtsmanship in the work he
completed. However, since he regularly failed to complete a number of
tasks, he did not do very well in T. D. examinations held during the
in
did
he
However,
the Leaving
well
quite
study.
as mentioned earlier,
Certificate T. D. examination (presumably because the deficiencies
highlighted during the study became the focus of his preparation for
the State examination).
Kenneth

from Group 4

This student completed the earlier tasks across the range of topics
successfully. He usually completed P.P.'s for example Tasks 1 and 3
of Conic Sections questions, but frequently had difficulty with ensuing
C. P.'s or I. P.'s. Thus, he sometimes completed first auxiliary elevations
(C. P.'s) but tasks which required the completion of second auxiliary
views (I. P.'s) were consistently left unattempted. This was the case
across the complete range of topics.
From a knowledge perspective, he may be regarded as being similar
to but much less successful than Martin from Group 3 above. His
knowledge of rules of thumb was also deficient and his attempted
solution (especially) to final tasks were usually inappropriate as a
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result. When answering Skew Lines questions (Task 6) for example,
he frequently employed an inappropriate procedure (I. P.) when trying
to determine the shortest distance between them. He appeared to be
confusing, or unable to distinguish between the procedures necessary
to determine the shortest horizontal or perpendicular distances. Thus,
although he did (sometimes) attempt I. P.s he invariably made serious
errors related to his knowledge of rules of thumb.
He did however, display quite high draughting skills - but since his
solutions did not address all the tasks required for a complete solution
he did not score well in T. D. examinations held during the study or
in the Leaving Certificate T. D. examination where he achieved a D3
(40 - 44%) grade.
Discussion of Findings
The analysis of the data generated during my study, I believe, gives a
different, more comprehensive and convincing account of problem
solving and visualisation from a knowledge perspective than that
provided by the received view. The following discussion compares the
received and knowledge perspectives and outlines how the knowledge
perspective offers a more convincing explanation of the nature of
problem solving and visualisation. I will show how every aspect of the
students construction of a drawn solution to a T. D. problem can be
described and explained in detail. In contrast to the received view,
inferences about how students are thinking are not made based on the
nature of the final solution presented, rather every step in the
production of a solution is described and explained in terms of the
knowledge associated with it.
Problem Solving From A Graphicacy Perspective
The received view of problem solving in T. D. is centred on the
notion that in order to be a good problem solver a student must have
a highly developed spatial ability. From this perspective for example,
in general terms Carl from Group 1 could be described as having
demonstrated abilities (during the course of this study) which are
consistent with a fully developed graphicacy. Based on his performance
when faced with T. D. problems, i.e. following exposure to an external
stimulus (the diagram or written specifications which accompanied theWilliam P. Bolger M7137754
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questions) he would be regarded (presumably) as having the ability to
generate mental images of the three-dimensional (in most cases)
configurations (Perception) which were then interpreted and to which
he assigned significance (Visual Perception) when these images were
compared to his existing mental schemata. Again, based on the
solutions he produced, he would be regarded having displayed the
ability to work through the full compliment of hierarchical Space
Factors (S. F. 's) which comprise Spatial Ability as it is described by
Gaughran. Similarly, when he completed all the drawings associated
with a complete solution to T. D. problems to conventional standards
he displayed his ability to Communicate Graphically.
The act of drawing the solutions is the final one in the whole
problem solving process from this perspective. It is completed purely
for the purpose of communicating with others. That is, making the
drawings is not part of the problem solving process per se. Before
the solution is drawn on the paper the student is viewed as having
formed and categorised the necessary mental images and as having
manipulated these images in order to address the problem posed.
In specific terms, when for example, he completed the projections of
intersecting solids from the diagram which accompanied the question
(completing Tasks I& 2) he demonstrated the ability to hold and
compare images (S.F. 1). That is, he would be regarded as having the
ability to see in three-dimensional mental images what is represented in
the diagram in two-dimensions while also being able to compare and
check for correspondence the geometric images in the given diagram
with those images he has drawn as part of his solution. When he
completed the projections of the solids he was demonstrating the
ability to rotate solids in a single plane (S.F. 2). In this way the
interpenetrating solid is assumed to have been imagined firstly, in a
horizontal position parallel to the Vertical Plane, before being rotated
about the Horizontal Plane into the required position.
When he completed Task 3 (drawing an auxiliary plan which shows
the true shape of the interpenetrating prism) successfully he
demonstrated the ability to view three-dimensional objects from
different spectator positions (S. F. 3), or to have rotated the objects in
his imagination (S.F.4), or to have done both. That is, he would be
viewed as having either the ability to imagine how the intersecting
solids will appear when viewed from positions other than that given in
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the diagram (perpendicular to the Planes of Projection) or, to imagined
the total configuration rotating about two axes (consecutively or
simultaneously) until his viewing position is in line with the
interpenetrating prism. When he completed the projections of the
intersection of the two solids he could be viewed as having
demonstrated the ability to manipulate the elements within the
configuration in his imagination, suggesting a developed S.F.5. Lines
can be imagined for example, on the surface of one solid and moved
in the imagination on the surface to an advantageous position where
the exact points of interpenetration between the edges of the
interpenetrating prism and the other solid are located.
Because he correctly completed a drawing of an appropriate solution,
it would be assumed (because he can communicate his ideas
Perception,
Carl
the
that
of
abilities
mental
possesses
graphically)
Visual Perception, Spatial Ability - constituting a very high level of
in
T.
from
D.
Since
Graphicacy.
the
to
solve
capacity
problem
overall
a Graphicacy perspective is equated to the ability to work through the
hierarchy of Space Factors which constitute Spatial Ability, Carl
would also be viewed as an extremely competent T. D. problem solver.
The overall graphicacy of many of the other students in the study,
who were unable to produce adequate drawn solutions to problems
across the range of topics, would be regarded as being flawed. The
evidence provided by their drawn solutions would be regarded as
indicating, in Michael's (Group 2) case for example, that his Spatial
Ability was only partially developed. This is the case since he
demonstrated abilities consistent with S. F.'s 1 -4 only in the
construction of many of his solutions. Since he often failed to
complete the final tasks in completing solutions (many of which
require the abilities associated with S.F. 5 to complete them) it would
be assumed that S.F. 5 is not fully developed in his case. Michael
his
be
solver
since
would not
regarded as a very competent problem
Spatial Ability

is not fully developed.

Therefore, it is the mental manipulations which constitute the problem
solving. The construction of the drawing is subordinate to this mental
activity and is completed in order to communicate these mental
manipulations - to the classroom teacher for regular assessment of
William P. Bolger M7137754
-

123

student progress or to a Leaving Certificate examiner for certification
purposes.
Examinations in T. D. are supposed to assess the students state of
development and ability to problem solve within the domain. However,
as stated above, problem solving is carried out as a mental activity
which can not be observed directly or, I believe, inferred following
the production of a drawn solution, appropriate or otherwise. When
students complete appropriate solutions to problems posed in a
question or task assumptions are made about the type of cognition
which takes place prior to the completion of the drawing. That is, the
student is assumed to have arrived at the drawn solution following
progression through the stages of mental activity outlined above.
To summarise, the image this Graphicacy theory conjures up is one of
a student being presented with T. D. problem, sitting in front of a
drawing board with a blank drawing sheet, apparently not doing
anything to complete a solution. After a period of apparent inactivity
(during which the student was however, extremely mentally active)
she/he quickly puts pencil to paper and completes a drawn solution to
the problem. The degree of success of the solution completed is then
attributed to the level the student has reached on the spatial ability
hierarchy of sub-factors.
This view of problem solving, revolving about spatial ability, appears
to suggest that problem solvers may have this ability innately. If this
is the case, there are serious questions to be asked about whether a
T. D. programme constructed around the space factors which are
regarded as constituting spatial ability can (at all) influence the
development of problem solving in T. D. students at post-primary level.
It is my view that student development under the current philosophy
is subject to influence by the classroom T. D. teacher only if spatial
ability is not an innate ability.
However, this image is not borne out by my experiences in T. D.
classrooms or by the nature of the student activities which were
examined during this research study.
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Problem Solving From A Knowledge Perspective
The study reported here describes a model of problem solving which
emphasises the students use of different types of knowledge associated
with T. D. when formulating drawn solutions. The different types and
levels of knowledge discussed in the literature can readily be
discriminated and related to the procedural nature of completing drawn
solutions while the guiding concepts associated with the topics can be
examined in detail. A diagrammatic model of a Knowledge Perspective
for T. D. is shown in Figure 4.7. at the end of this section.
During this research project I have analysed all the tasks which must
be completed when preparing solutions to problems posed in typical
examination questions for their knowledge content and have used this
analysis to develop a view of problem solving in T. D. which provides
an alternative explanation to the received views. I have also carried
out extensive data gathering in my T. D. classroom and believe that
analysis of this data clearly supports my alternative views on problem
solving. The importance of this view lies not only in its alternative
nature but also in its development following research carried out in a
T. D. classroom situation. Furthermore, each stage of the processes
involved when students formulate and construct a solution can be
identified and explained more readily with reference to a knowledge
perspective. I do not make the type inferences about students
cognition which are made by those who support the graphicacy
perspective. I am rather, advancing the thesis that students drawn
solutions to T. D. problems are better explained in terms of their use
of procedural and conceptual knowledge and that this leads to better
prescriptions for T. D. teachers than those which are suggested by the
received view with its inferences of mental activity from drawn
solutions. I believe there is also evidence that the separation of
procedural and conceptual knowledge in the literature, together with
the distinctions which are made between both types, may not be as
clear as previously thought, at least not in T. D.. I also believe that
the findings of this study indicate that visualisation, regarded as a
mental ability from a graphicacy perspective, may in fact be a further
form of knowledge that links procedural and conceptual knowledge
and that is used by T. D. students in the problem solving process.
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From a knowledge perspective the T. D. student reads the question and
begins work immediately on the initial diagram required to construct a
drawn solution. The production of (given) diagrams from given
information given can be viewed in terms of the student completing
Primary Procedures the set-up from which further construction of the
solution to a problem may proceed. These may be thought of as the
specific procedures referred to in the literature. Once this initial work
has been completed the student progresses through the solution using
a series of single or consecutive steps which I have termed
Complementary and Incremental Procedures respectively. The distinction
between procedural and conceptual knowledge is less distinct here, I
feel, than is described in the literature since there are concepts
embedded in the procedures used and procedural elements in the
students concepts of what is to be done to complete an appropriate
solution. Quite simple concepts often require complex procedures to
translate them into drawn solutions. Conversely, quite complex
concepts can often be translated into drawings using quite simple
procedures. But the procedures and concepts are inextricably linked in
both cases, though it may be argued that this does not make them
less distinct. I think it is also important not to assume, as Hiebert
and Lefevre (1986) have suggested, that students are consciously
aware of the complete conceptual implications of procedures they
know how to complete.
When examined from a knowledge perspective the example of Carl
completing a solution to an Interpenetrastions problem (used above to
illustrate a graphicacy perspective) is equally valid, and does not make
any specific inferences about the type of cognition in which he is
engaged. When he completed Task I- the projections of one of the
given solids Carl completed a Primary Procedure. He demonstrated
that he knew how to complete this simple procedure. That is all he
did. Its completion was (almost) automatic. This initial drawing was
then supplemented by the addition of the set-up for the
interpenetrating prism (Task 2) and the projections of the
interpenetrating prism (Task 3) and an auxiliary plan (Task 4). Thus,
this knowledge of these strategic procedures was demonstrated.
Similarly, operating with specific procedures to achieve unfamiliar
goals, he completed (Tasks 5 and 6) the projections of the solids
including the lines of interpenetration.
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Continuing on the procedural path, students choices of strategies are
governed by a self-regulatory or control function which governs all the
students knowledge, procedural, declarative and conceptual. Under this
model the drawings created at every stage of the construction of a
solution are used to assist in the completion of the final solution.
That is, instead of having mental images which may be manipulated,
the student has a drawing in progress from the time the Primary
Procedures are undertaken to the completion of strategic
Complementary and Incremental Procedures which address the
particular problem. Students may not be seeing mental images, I
would argue, before they commit their solutions to paper. Rather, they
see a developing image of the configuration on the paper in front of
them which indicates further steps that (may) need to be taken to
complete the solution. Students think when they draw and also use
the drawings as they are constructed in order to advance their
thinking about a specific problem. This link between thinking and
acting was discussed in Chapter 2.
Failure to complete a total solution therefore, should not be regarded
as a deficiency in an ability (innate or otherwise) which cannot be
compensated for. It is rather a lack of, or deficiency in, appropriate
knowledge. There is scope for the deficit of knowledge to be learned,
from
Problem
this
by
implication,
taught.
therefore
solving
and
perspective relates to the strategic use of procedural knowledge and
is, as such, something which can be learned and taught with specific
reference to a variety of knowledge types.
Moreover, the production of drawings is more significant from a
knowledge perspective. The emphasis on internalisation and
visualisation in the Graphicacy Perspective places making drawings in a
subordinate role to mental activity. In effect, the solution is regarded
as having been completed mentally before it is committed to paper
with the drawing of solutions being completed (mainly) for
communicative purposes. The intention is to communicate the nature
of cognition to another - to the examiner in an examination setting.
Theoretically, it is the necessity to display the nature of student
cognition and ability for assessment purposes which makes the
production of drawings necessary in the T. D. classroom and
examination. They are not (strictly) necessary to satisfactorily solve the
problem posed. The Knowledge Perspective also acknowledges the
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Figure 4.7.
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Chapter 5
Conclusions

The study described in the previous chapters was designed to address a
number of questions related to the nature of the problem solving
engaged in by T. D. students. This is currently described and explained
in relation to the notion of graphicacy as defined by Gaughran. The
study outlined in the previous chapters has endeavoured to describe and
explain the process of problem solving from a knowledge perspective,
by trying to adapt the definitions of types and levels of knowledge
from the literature to the T. D. subject area, where it has not been
used before. This attempt to adapt has led to the development of types
and levels of knowledge which specifically relate to the activities
students engage in when constructing drawn solutions to T. D. problems.
In doing so, it has offered descriptions and explanations of problem
solving and visualisation which relate the use of conceptual and
procedural knowledge to the activities involved in making drawings of
solutions to problems.
In the following sections I will discuss the significance of these new
definitions of T. D. knowledge and the way in which students use
knowledge to solve T. D. problems. Following this discussion are
sections on how the conclusions drawn from this study might impact
on teaching and learning problem solving in T. D. classrooms together
with suggestions about how this study might have been improved and

suggestionsfor further study in the area.
Types of Knowledge?
It is clear from the discussion of the literature reported in Chapter 2
that the knowledge associated with T. D. is not defined specifically in
any of the official documentation associated with the subject.
Knowledge is mentioned in the syllabus rationale. However, the
definitions of procedural, declarative and conceptual knowledge in
literature related to other subjects (notably in Mathematics and Science)
are not defined for T. D.. These definitions from other subject
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areas have indeed proved useful in addressing T. D. from a knowledge
perspective, but it was not possible to directly translate them because
of the major differences in the types of activities students engage in
when drawing the solutions to T. D. problems. For example, there are
major differences between the nature of activities associated with
solving Mathematical and T. D. problems. The Theorem of Pythagoras,
for example, can be proven relative simply using either a simple
equation or diagram. In T. D. the theorem is proven by drawing the
actual squares on the sides of the right angled triangle whereas the
mathematical proof of the theorem is achieved using squared numbers,
the same result achieved by different approaches. Early discussions in
the research literature described the differences- between types of
knowledge but there has been a growing recognition that these
distinctions are not as pronounced as was thought. However, the
identification of the nature of the relationships between knowledge types
is still relatively unclear. In the study reported here, it was very
difficult to separate the types of knowledge into the distinct categories
described in the research literature. Indeed, in many respects, the
separation of knowledge into distinct types when addressing the nature
of problem solving in T. D. was possible, because of the overlap of
characteristics attributed to the different knowledge types. In the study
in
literature
knowledge
for
the
to
the
as
referred
reported,
example,
This
declarative
have
found
to
attributes.
and
conceptual
procedural was
is the case despite their definition as distinct types. Similarly,
conceptual knowledge, i. e. the relating of items of knowledge was
found to have both declarative and procedural elements. Furthermore,
the study appears to suggest that visualisation, traditionally thought of
in terms of the internal imagery associated with developed spatial
defined
in
be
knowledge
is
form
which can not
ability,
of
rather, a
terms of the categories of knowledge described for T. D. or other areas
of activity. Thus, visualisation is not a sudden 'seeing' but a
development as the activities involved in drawing a solution take place.
In this way, the study reported here may have made a contribution to
the discussion of the importance of the relationships between types of
knowledge which is gaining prominence in the research literature from
other areas of activity.

How Technical Drawing Students Use Knowledge
The study reported here has examined the definition of knowledge in a
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T. D. context (as described above) and how T. D. students use this
knowledge to solve T. D. problems. Prior to the study reported here
the procedural, declarative and conceptual knowledge defined for other
subject areas had not been examined in a T. D. context nor had T. D.
students use of knowledge in their preparation of drawn solutions been
studied or reported in any research. Once types of knowledge identified
and defined in other areas of activity were examined in a T. D. context
however, the distinctions originally made between them is now being
questioned following investigations into their inter-relationships. This was
the case in the study reported here, and although problem solving in
T. D. (especially as it relates to preparing solutions to examination
questions) may be viewed in terms of procedural knowledge it would
not be wise to view it solely in procedural terms. For example, each
Primary, Complementary and Incremental procedure identified here was
found to have embedded in it, declarative and conceptual elements.
Similarly, the conceptual knowledge associated with understanding
individual topic areas, was found to have both declarative and
procedural elements. So, for example, when a student used a specific
Primary Procedure to draw the projections of two Intersecting Planes
appropriately, s/he may or may not have been operating on a
procedural level. The student may also have been aware of the
declarative and conceptual implications of the procedure executed. The
declarative elements relate to knowledge about the nature of planes
(both the intersecting planes which are the subject of the procedure
and the planes of projection used to position then) and rules of thumb
which guide the execution of the procedure. The concepts involved in
an appropriate solution demanded the recognition of relationships
between items of declarative and procedural knowledge necessary to
complete the drawing. A student with conceptual knowledge could
relate all the items of knowledge required for the completion of the
procedure and recognise the significance of the relationships. It should
also be noted however, that students in the study were often in a
position to complete specific procedures without necessarily
demonstrating an understanding of the full conceptual implications of
the procedure they were completing. I. e. they may have known how to
advance the solution procedurally without necessarily making the
connections between the types of knowledge associated with
conceptualisation. Furthermore, to fulfil the requirements of such a task
in the examination, it is only necessary to know how to complete the
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procedure - conceptual understanding is not a requirement of completing
such procedures in an examination situation. Similarly, with strategic
procedures, which also have declarative and conceptual elements,
students are required to demonstrate only a knowledge of how to
complete the procedure to adequately fulfil the examination
requirements. Therefore, problem solving in T. D. examinations may be
viewed in terms of students completing procedures, i. e. procedural
knowledge.
It should be noted, that the definition of strategic problem solving was
different for each of the groups identified in the study and described in
Chapter 4. However, problem solving had common characteristics across
the four groups identified. It involved the use of different levels of the
Primary, Complementary and Incremental procedures and rules of thumb
identified to complete the tasks necessary to complete a drawn solution
to a T. D. problem. Students from Groups I&2
completed these
displayed
difficulty
a
also
and
without
specific and strategic procedures
high level of conceptual understanding of their significance. Students
however, often had difficulty completing all but the
Primary and Complementary procedures. They also had difficulty with
the higher levels of these, with most Incremental procedures, and their
from Groups 3&4

declarative knowledge was also deficient. They often failed to complete
the correct procedures or used procedures which were inappropriate to
the task being addressed, or a combination of both. The completion of
tasks for which no known procedure was available involved a selfregulatory function and only students from Group 1 were regularly
successful in completing the solutions to such tasks. These students
were successful because their T. D. knowledge, of all types, was much
more comprehensive than that of students in the other three groups.
The knowledge of constructions, rules, and facts about all the topics
covered by the complete T. D. programme may be regarded as
Declarative Knowledge. However, declarative knowledge should be
viewed in terms of how it is used interactively with procedural and
knowledge.
body
inert
knowledge
of
conceptual
and not as a separate,
Rather, it is useful only when the student can readily identify its
significance in relation to the solution of a problem. Many T. D.
textbooks are organised around the declarative knowledge associated
limited
be
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topics.
use,
to
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because students need specific instructions regarding the significance and

William P. Bolger - M7137754

132

particular uses of items of such knowledge. This type of knowledge
may be regarded as being at the lower end of a continuum at which
conceptual knowledge is at the upper end. Conceptual knowledge
allows the student to identify the relationships between such items of
knowledge so that the solution of a particular drawing problem may be
appropriately addressed. For example, a simple Conic Sections may be
used to indicate how a number of items of knowledge must be linked
in order to determine an appropriate solution.
Draw a straight line DVF, where DV is 45mm long
focus
is
F
is
28mm
long.
VF
the
of an ellipse,
and
V is the vertex and D is a point on the directrix.
Draw a portion of the curve.
Students must complete the simple Primary ' Procedure necessary to
show the given information in diagrammatic form. In order to advance
the solution they must know what the terms given in the question refer
to in terms of the Ellipse specifically, since the three Conic Sections on
the syllabus share common characteristics. They must know that the
Ellipse has two major properties and also the rule of thumb which
suggests which of these properties to use to complete the drawn
solution. A Complementary Procedure which enables the eccentricity
graph to be drawn must then be used in conjunction with a
construction to determine points on the curve (common to all three
knowledge
items
Thus,
in
the
to
of
are
solution.
conics)
order
advance
linked in the development of the solution of this problem, as in others
from other topic areas. Procedural, declarative and conceptual
knowledge are very closely inter-related in the drawing of the solution.
The development of T. D. concepts, as is the case in other subject
be
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transmission.
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able
students
areas also,
not achieved
to modify their existing conceptual models to incorporate those required
in to solve drawing problems. When viewed from a constructivist
important
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perspective, problem solving
regarded as a very
From
individual
in
the
knowledge
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process of
construction
knowledge perspective it is also an essential element, but one which
is
knowledge.
This
be
form
not achieved
can
of procedural
-taught as a
in the process of individual discovery which is implied by the received
view of T. D. but through a process of social interaction and
enculturation into the T. D. world, beginning in the classroom.
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The types of knowledge elaborated in the study reported here are T. D.
specific and although the conclusion drawn may be used to inform
views of knowledge in other subject areas, it is not my claim that they
should be applied directly in other domains.
Problem

Solving

In the Leaving Certificate T. D. examination students are required to
answer four of seven questions on each of the two papers. These
questions are regarded as two- or three-dimensional spatial problems
since they relate to Plane and Descriptive (Solid) Geometry and its
application in the Building Technology. Each problem involves the
completion of a number of tasks. The level of difficulty of these tasks
is traditionally thought to relate to the level of development of students
spatial ability (incorporating visualisation) from the received graphically
perspective, but it may also be related to the types of knowledge
required to prepare the solution.
According to the received graphicacy view of T. D. problem solving is
inextricably linked with spatial ability. That is, good problem solvers are
automatically regarded as having a highly developed spatial ability.
Thus, when a student prepares an appropriate solution to a T. D.
problem inferences are automatically made about the state of
development of her/his spatial ability. The examination assesses the
extent of the students development in the domain by assessing their
ability to solve given problems. But since problem solving occurs as
mental actions, the level of development can only be inferred from the
drawn solutions produced. Thus, based on these drawn solutions, an
assessment of the type of cognition involved in their compilation is
made. This relation of particular demonstrated behaviours to cognition
(which is assumed to have taken place) is tenuous at best and may not
accurately reflect the development of spatial ability, even in situations
where correct solutions to problems have been produced.
Only students from Group 1 in the study reported here for example,
consistently completed the solution of all tasks in questions they
addressed, would be regarded as having fully developed graphicacy.
That is, because they completed all tasks satisfactorily, it is assumed
that all the components of graphically are completely developed and
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functional. Students in the three other groups, who did not consistently
complete appropriate solutions, would be assumednot to have a fully
developed graphicacy, becausetheir spatial ability would be assumedto
be deficient or incomplete. However, assumptionsmade on the basis of
these solutions may be inaccurate in respect of graphicacy development.
Students from Groups 2,3 and 4 were in a position to complete
major sections of the solutions required to address problems they were
presented with. Analysis of some of the tasks they completed from a
graphicacy perspective, would indicate that these students often
appeared to have the ability to successfully operate at the higher space
factors while failing to complete tasks which required them to operate
at lower space factors in the hierarchy. For example, students were
often unable to complete given drawings successfully. This required that
they hold and compare images - Space Factor 1. Simply, they could not
reproduce what was given in a diagram and compare their reproduction
to the original for correspondence. Although unable to complete given
diagrams successfully these students frequently completed auxiliary
elevations correctly. The completion of such views can be categorised
as pertaining to Space Factor 3- orientation, the ability to imagine
objects viewed from alternative positions. Thus, students demonstrated
the ability to operate at the higher space factor while the ability to
operate at the lower level was not demonstrated. This occurred across
the range of topics examined during the course of the study and
represents a serious inconsistency in the graphicacy perspective. Thus,
based on the evidence provided by drawn solutions, it would be unwise
to make assumptions about the nature of the development of students'
spatial abilities, especially since the space factors which constitute
spatial ability are regarded as hierarchical. Despite these inconsistencies
in respect of their spatial ability development, these students, would still
have (and did) scored reasonably well in the Leaving Certificate
examination. Indeed all the student from these three groups succeeded
in passing the Higher Level examination despite (what would be
regarded as) their undeveloped spatial ability and visualisation according
to the received graphicacy perspective. Indeed, it could be argued that
these students succeeded in passing the examination because of the
(limited) extent of their knowledge. Thus, from a knowledge perspective
the tasks which a solution requires, may be completed as the Initial,
Complementary and Incremental procedures identified in the study
reported here - without reference to spatial ability or other aspects of
the graphicacy perspective. Thus, students may complete appropriate
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solutions without having the mental abilities associatedwith perception,
visual perception or spatialability. They apparently do not have to form
or manipulate mental images of the configurations they are dealing
with, or complete the solution of the problem as mental actions before
committing it to paper. The graphicacy perspective may therefore, be
seen as an alternative, though less convincing, view of problem solving
in T. D. than a knowledge perspective.
Examination questions also include (usually) one task where the student
is required to demonstrate fully developed visualisation and spatial
ability from the received perspective or conceptual knowledge from a
knowledge perspective in order to develop a suitable solution. Students
with deficient visualisation and spatial ability seldom address such tasks
successfully. From a knowledge perspective however, such tasks
generally require the completion (only) of a relatively simple procedure
which appropriately addresses the question. Thus, it is the identification
of the relationships between the items of knowledge detailed in the
question which allows the student to identify

appropriate procedures to

construct the solution.
How is Spatial Problem Solving Defined?

I believe that the graphicacy perspective is advancing a general view of
is
applicable across the complete range of
problem solving, one which
topics around which examination questions are formulated. The
examination questions seek therefore, to embody tasks which require
students to exercise the abilities associated with graphicacy in their
solution. Thus, an examination question from any section the course,
will require students to exercise their graphicacy. The student must
work through this mental process, from the formulation of images
through to the construction of an appropriate drawing of the solution.
It is assumed that this process is applicable to questions from all
sections of the course since it is assumed to be a general transferable
technique. This is one major difficulty with the received view of
in
in
T.
D.,
students
problem solving
and one which was not evidenced
work on examination questions during this study. Students - especially
from Groups 2,3 and 4 -were sometimes successful in completing
solutions in some topic areas while failing to do so in others. For
example, students were sometimes quite successful in drawing the
intersection between solids for Interpenetration questions (regarded as
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requiring the development of space factors from the upper end of the
hierarchy) while sometimes failing to complete earlier stages of the
question appropriately (involving space factors lower on the hierarchy).
This evidence, I believe, disputes the received view of problem solving
as a general transferable technique for T.D..
Thus, following examination of drawn solutions, the assumptions about
the nature and extent of the students abilities which are made, may be
based on a perception of problem solving as a general technique which
could be open to question. It may therefore, be unwise to infer
a student who can complete a comprehensive drawn solution

that

appropriately in one area, can do so in others.
Further, the student is assumed to have developed these abilities during
the programme of study in T. D.. Thus, assumptions, not only about the
nature and extent of the abilities the student possesses, but also about
what has been learned during study of the subject are also made. If a
student completes the solution of a particular problem requiring
particular space factors in any topic area she/he is assumed to be able
to solve all similar problems in that area. Further, since the ability to
in
has
been
level)
factor
(to
one
area
problem solve
a particular space
demonstrated it should also be possible for the student to problem
solve at the same space factor level in other topic areas.

When a student makes a drawing of an incomplete solution, therefore,
including
is
development
incomplete
graphicacy
not only
of
an
state of
problem solving indicated for that particular topic, but it is also
indicated for all other areas also. This is possibly the main
inconsistency with the received view of problem solving in T. D. - if
problem solving is not developed how is it that students can solve
some problems? Or, if problem solving is developed why is it that
some problems can not be solved? It appears that the received
definition of problem solving is unsatisfactory!
During this study students described problems solely in terms of how
the tasks associated with the completion of a satisfactory solution in a
particular topic area could be completed. They described the

identification and completion of procedures necessaryto complete tasks
in individual areas as solving problems. These descriptions are at odds
with that of the received view in a number of ways.
William P. Bolger - M7137754

137

Firstly, students look upon the solution of problems from each topic
area differently. They do not (necessarily) associate the construction of
a solution in one topic area with that in another, even when this is
intended by the programme. From the graphicacy perspective this may
not prove problematic, since problem solving is viewed as a general
ability. In the study however, the students did not always make the
=

connections between associated questions from both areas of the
syllabus. So for example, when students draw the solution of a Skew
Lines question from the Plane & Solid Geometry paper, they do not
associate it with the Mining question from the Building Applications
paper, despite the programme intention of showing the use of pure
geometry in applied settings. The students view the two problems as
separate - even though the geometric and procedural content are not.
Secondly, it indicates that students view problem solving as the
identification and completion of procedures which lead to the
construction of an appropriate drawn solution. Thus, Primary,
Complementary and Incremental procedures must be identified and
related to topic specific resources which will allow an appropriate
solution to be constructed. It is the completion of procedures following
their identification as appropriate and not mental activity which was
viewed as problem solving. During the course of this study, the
students described in detail the procedures which were necessary to
complete specific tasks associated with the full range of topics covered.

Thirdly, occasionally students referred to trying to picture the solution
of the problem. However, they were not speaking about mental images
of the configurations such as those described in the received graphicacy
perspective. Rather, they were referring to visualisation from the
knowledge perspective described in Chapter 4. They were trying to
picture the ordered collection of procedures which lead to the
development of the overall drawn solution. At every stage of its
construction, the drawing served to suggest how the student should
proceed. Thus, visualisation may be viewed in terms of its association
with the drawn solution under construction - not as the manipulation of
mental images.

Thus, students regarded problem solving as procedurally completing the
tasks which allow for the construction of appropriate drawn solutions
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in individual topic areas. These procedures are general purpose and can
be used across the complete range of topics. However, the need to use
particular procedures can be identified only after the student has
recognised the relationship between all the items of knowledge for a
particular question. This will also require the use of declarative
knowledge. However, it is the identification of the relationship between
these items of knowledge - conceptual knowledge - which additionally
facilitates the construction of an appropriate solution. This can then be
completed following the correct application of the procedure.
Learning

To Problem

Solve

The main function of problem solving from the received perspective is
in the development of students' knowledge students problem solve to
learn. Thus, from a graphicacy perspective, students think and learn
about the T. D. domain by exercising their problem solving abilities in
real and/or hypothetical situations. This may be viewed as similar to
how Hiebert et al (1996, p. 12) describe how curriculum and instruction
should be based on allowing students to problematize the subject. Their
thinking is progressed by the solution of these real or imagined
problems. Like many other aspects of the received view of T. D., it is
assumed that this function of problem solving can be used in other real
or imagined problematic situations the student will encounter. The T. D.
teacher, according to the received view, helps to progress this thinking
and learning by designing a programme of study which relates
specifically to the space factors which constitute spatial ability. Thus,
programmes are graded so that exercises regarded as relating to Space
Factor 1 are dealt with first. Only after the student has demonstrated
that she/he can address problems related to this space factor should
exercises progress to those related to Space Factor 2, and so on. Thus
the teacher facilitates the progression of thinking and development
related to spatial ability. Thus, according to the general and accepted
constructivist view, the T. D. teacher can not transmit new concepts to
the students in the classroom. These can only be learned when the
student is able to modify existing conceptual models, for example when
progressing from Space Factor 3 to Space Factor 4. Thus, the role of
the teacher may be viewed as one of providing the environment which
can best facilitate this change in student thinking. The ability of a
classroom teacher to influence the development of problem solving from
the received perspective therefore, may be viewed as constrained by
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student readinessand the ability to advance her/his thinking and
development of knowledge through problem solving.
Relevance to Professional Practice
Teaching and Learning
Using the received view of T. D. it is very difficult to make definitive
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of learning problem solving are however, not referred to except to say
that strategies developed by the teacher should be staged to address
the hierarchy of space factors which lead to a developed spatial ability.
Problem solving is therefore, directly linked to the space factors which
constitute spatial ability, an internalised form of mental activity.
When solutions are related to a knowledge perspective however, exact
relationships between the solution which has been completed and the
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are required to complete appropriate drawn solutions to the tasks
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involved in T. D. problems can a be given specific treatment by the
T. D. teacher and their use practised both in and out of the classroom.
Thus, specific Primary and strategic Complementary Incremental
Procedures may be taught and learned in the classroom. Similarly,
control and self-regulation as form of procedural knowledge may be
given specific treatment with students being taught how to plan a
course of action, implement the plan by executing the procedures
before evaluating the outcomes against desired goals. Thus, problem
solving as a form of procedural knowledge can be taught to T. D.
students.
Students effectiveness as problem solvers may then be enhanced by
specific treatment in the classroom of the domain resources
(constructions) and rules of thumb (heuristics). Students Geometric
Databases (declarative knowledge) will then be comprised of
constructions composed of particular procedures and rules to guide
action in executing them for all the topics which the syllabus deals
with. Particular attention can then be paid to indicating instances where
it is appropriate to use this form of knowledge.
Similarly, the links between various items of knowledge (conceptual
knowledge) within a particular topic area (or between topic areas) can
be specifically addressed by the teacher in the classroom.
The importance of the activities associated with making drawings can
also receive particular attention from the teacher. Attention to
draughtmanship can be used to heighten students awareness of the
procedural, declarative and conceptual knowledge of a topic. This
increased awareness can be the result of indistinct learning from
drawing (acting) in different topic areas (situations), or from specific
treatment of the knowledge associated with drawing activities by the
teacher.
Since visualisation (linked to the cognition associated with spatial ability
in the received view of T. D. ) is inextricably linked to the drawings
which constitute solutions to problems from a knowledge perspective, it
is very important that students are taught how to look at drawings
under construction in ways which will suggest further action. At every
stage of the construction of a solution the partially completed drawing
will suggest further action which should be taken. This way of
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knowing what to do next by looking at drawings during construction
must receive specific treatment by the teacher if students are to learn
how the procedures necessaryto complete an appropriate solution may
be identified from a drawing in progress.
Thus, all the types of knowledge identified in the literature can be
applied to the T.D. classroom situation, where they may receive specific
treatment by the teacher.
The solutions to T. D. problems which students prepare can therefore,
be described and explained in knowledge terms in a much more
comprehensive manner than the descriptions and explanations advanced
by the received view of T. D..

Assessment
Under the current regime, T. D. is assessed using a norm-referenced
terminal examination. This reflects a tendency to 'generalise from limited
evidence' (Nuttall, 1989, p. 265) development and achievement within the
T. D. domain. The ability of such an assessment strategy to serve the
learner in a constructive way is questionable and I believe that a
criterion-referenced model of assessment similar to that described in the
Hargreaves Report (in Broadsfoot et al, 1989, p. 298) would prove
more advantageous for students, teachers, parents and the wider T. D.
community. Such a strategy, reflecting current best practice in
assessment, would encompass assessment through examinations,
application of knowledge, evidence of personal and social skills, positive
attitudes, motivation and commitment and may be regarded as the most
comprehensive way of assessing the students knowledge, competence as
problem solvers and experience across the range of activities associated
with T. D.. Thus an assessment strategy which employs an aggregation
(Task Group Report: 1987 -Preface) of the results of classroom tasks,
problems, formal tests, group projects and classroom dialogue is
proposed.
Classroom tasks would be similar to the tasks which students must
complete in the current examination. However, emphasis would be
placed on collaboration between students, and between students and the
T. D. teacher. These tasks would require the completion of first order
specific (Primary) procedures directed toward known goals and/or
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second order procedures directed at unfamiliar goals but operating on
specific strategic (Complementary and Incremental) procedures and
would provide the opportunities for student learning in the classroom.
Further, tasks would also contain problems which would require the
exercise of a control function where cognition would have to be
switched between first and second order procedures in order to
complete them. Analysis of the tasks associated with current
examination question suggests that many of the procedures which
students are required to complete are lower order. In order to
(accurately) assess the extent of (all) T. D.
knowledge
-specific
examination questions must reflect the need to use all types and levels
of knowledge in formulating solutions. This would appear not to be the
case at present, where large portions of questions can be addressed by
applying specific and strategic procedures

Formal tests would allow for comparisons of results in respect of use
of all levels of procedures and drawing conventions.
Group projects would address procedural, declarative and conceptual
knowledge and would also provide opportunities for peer group
teaching and learning. Such projects would be open-ended and extensive
in scope and would have to be completed within a negotiated timeframe. These could also fulfil homework requirements over the period
of time allocated to them while engaging students in personally and
culturally

meaningful activities.

Students involvement in classroom lessons and their demeanour - i. e.
their cognitive, social, personal, psychomotor skills, and attitudes to
learning described by Broadfoot et al (1989, p. 296) - needs to be
recorded. Thus, a method of recording classroom dialogue and student
activity which evidences the quality and quantity of student involvement
in classroom activity and dialogue over the assessment period must be
developed.
This assessment procedure is designed to inform the T. D. teacher of
the development of each students knowledge for diagnostic as well as
assessment purposes and to inform students of the nature of

developmentof their knowledge as they progress through the T. D.
programme. This would require that formal records of student
performance across the range of assessmentinstruments be kept by the
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classroom teacher, and is directly opposed to the views on formal
assessmentfor accreditation advanced by the teacher unions (including
the union of which I am a member).
Students would have to be aware that their overall assessmentin T. D.
will be derived from an aggregation of all these assessmentprocedures.
I believe that assessment strategies similar to that described above are
currently operated informally by many T. D. teachers with an aggregated
form of assessment based on classroom performance, homework, test
results and general attitude being used to assess student development
and performance - this however does not extend to assessment for
accreditation purposes. One major advantage of the proposed assessment
strategy would be the development of a perception of the pupil's 'actual
intelligence across a range of activities' (Sternberg: 1989, p. 241), and
not solely based on T. D. examination results. Another advantage is its
ability to distinguish qualitative differences between individual students
(and between the sexes) based on evidence from a number of sources.

What of C.A.D.?
As discussed earlier in this dissertation, there is a great difference
between the activities engaged in by T. D. students in post-primary
schools and the activities engaged in by T. D. professionals working in
technologically based industries. All the drawings prepared in the
classroom are drawn on the board with drawing instruments. The use
of Computer Aided Design (C. A. D. ) is now pervasive in industry and
it is unlikely that the T. D. students who took part in the study
reported here will spend much time at the drawing board should they
take up employment as technicians or professionals in industry. I do
not necessarily believe that this is an argument for bringing C. A. D. into
the classroom, and currently there is no requirement to do so at Senior
Cycle level (although there is a section on computer graphics in Junior
Cycle T. G. ). I believe that it is important to develop students
geometric knowledge and problem solving before they have access to a
computer (which will undoubtedly produce the drawing more quickly
and accurately). This can be achieved satisfactorily using a knowledge
perspective and traditional means (board and instruments). Much of the
drawing done in industry is process and product specific and although
general C.A. D. training is necessary for out of school T. D. it is
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perhaps more appropriate that these industry-specific C.A. D. skills
should be taught and learned in the context in which they will be used
since they may have little relevance for technicians or professionals in
other areas of activity.
If computer drawing- is to feature more prominently in future T. D.
schools programmes then substantial investment in the necessary
computer hardware and software is essential - perhaps it is the need for
this investment which has resulted in computer drawing not featuring in
the current Senior Cycle syllabus.
Disseminating

the Findings

of this Study

To my Colleague T.D. Teachers
In order that the maximum number of students may benefit from
approaching T. D. from a knowledge perspective it will be necessary to
inform those involved in teaching the subject at post-primary level in
the first instance. Informing teachers of the benefits of this approach
will be undertaken in a number of ways. I intend to prepare a series
of articles based on this study for publication in the quarterly journal
published by the Association of Materials Technology and Graphics
Teachers and the equivalent journal of the Association of Engineering
Teachers. These articles would focus on describing and explaining T. D.
activities from a knowledge perspective. The problem solving involved
in individual topics will then be examined from a knowledge
perspective, highlighting how this provides a more comprehensive
explanation of the activities associated with drawing solutions to T. D.
problems. These articles will allow T. D. teachers who are members of
these associations to have direct access to the ideas raised in this
study.
To Future T.D. Students
I also intend to prepare a textbook which will define the tasks
associated with examination type questions in terms of the knowledge,
discussed in this study, one that can be used in T. D. classrooms. This
would be an important development since the format of current
textbooks tend to ensure that they are not used in the classroom
context. Thus, they tend not to be useful from either the teaching or
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learning perspective. A review of the whole Junior and Senior Cycle
Curricula is currently underway and the National Council for
Curriculum and Assessment will shortly be seeking submissions from
subject teachers. This will be an ideal opportunity to influence national
policy on T. D. and I will take the opportunity to make a detailed
submission based on this study.
To Others
The study reported here will be of interest to other educationalists not
directly concerned with T. D. or other related technological subjects.
The characteristics of the traditional types of knowledge which this
study has raised will be of interest to a wider audience and therefore,
articles will also be submitted to education journals whose readership is
interested in the definition of types of knowledge and problem solving.
Indeed, one of the most important contributions made by this study
was in identifying visualisation as a form of knowledge in the solution
of T. D. problems. This highlights the danger of extrapolating to other
situations knowledge types identified in others subject areas and serves
to highlight the need to conduct research in all subjects on the
curriculum. Therefore, this is not significant only in T. D. - other subject
specific forms of knowledge may be identified in subjects which have
not been the focus of research interest in Ireland or elsewhere.

Things I Would Do Differently
Official Comment on Study
Despite several attempts over the course of this research project I was
not able to get any reaction from The Department of Education &
Science in respect of the official views of learning, development and
problem solving in T. D.. I wrote on several occasions to the Chief
Inspector with responsibility for T. D. asking him to outline the nature
of official views, because they were not very clear from official
documentation. I never received any acknowledgement from him. He
has since retired, and a new inspector with sole responsibility for T. D.
has yet to be appointed. I think that it is unlikely that any comment
will be forthcoming from official quarters until this appointment has
been made (I have written to the Department of Education & Science
in the interim period, again without receiving any acknowledgement).
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During the course of my work I also made several attempts to contact
Mr. Gaughran at the University of Limerick. The first of these was by
e-mail about the time my Initial Study was completed. I received an
acknowledgement approximately one year later. Although I outlined the
nature of my research focus to him at the time, no worthwhile
correspondence resulted from the initial contact. I feel that comment
from the T. D. Inspector and from Mr. Gaughran, during the course of
my study would have been extremely helpful as I tried to formulate my
views of the received perspective of the subject. As it was, I had to
interpret the official perspective and formulate my own views of the
subject in relation to this interpretation. I was left with no option but
to do this since I did not have access to official comment and no
in
by
Gaughran
the
than
that
and
reported
research, other
conducted
Chapter 2, has been carried out into T. D.. It is interesting to note that
in recent papers Gaughran (1996a; 1996b; 1997a; 19976) continues to
espouse the importance of spatial ability and spatial cognition and I
believe that, had a dialogue between his perspective and that reported
here taken place during this study, it would have proved mutually
beneficial in informing both perspectives.
Social Interactions in the Technical Drawing Classroom
The teacher in a T. D. classroom is in a better position to influence the
development of student problem solving in the classroom from a
knowledge perspective. Since problem solving centres around the
identification and use of procedures which can be used to address the
solution of the tasks associated with particular topics it can be the
subject of specific treatment by the teacher. Thus, the Initial.
Complementary and Incremental procedures which are appropriate for
each topic can be taught specifically by the classroom teacher. The
declarative knowledge for specific topics can also be addressed in order
that the students have access to knowledge of facts, rules and
between
in
Further,
topic
the
principles
relationships
areas.
particular
items of knowledge which forms conceptual knowledge can also be the
subject of specific treatment by the teacher. Thus, all the elements
which are required to complete a drawn solution to drawing problems
can be given specific treatment by the teacher in the classroom.
Therefore, the interaction of teacher and students takes on a greater
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significance from a knowledge perspective. This is recognised by the
philosophical perspectivesoutlined in Chapter 2 and I believe the nature
of the interactions in the T. D. classroom should become the focus of
further studies.
Further Examination of Technical Drawing Knowledge
The topics studied as part of the T. D. programme at post-primary level
in Ireland, although comprehensive, represent only a selection of
geometry and its applications and post-primary T. D. would benefit from
further in-depth studies of types of knowledge. Although the knowledge
associated with fourteen geometrical topics was examined during this
study the seven topics associated with Part 2(a) of the programme Engineering Applications was not examined. This should be undertaken
as soon as possible, preferably by a teacher with expertise in this area
of the syllabus, before other programmes in T. D. are examined in the
particular contexts in which they are undertaken.
The Context in Which Drawings Are Made
The importance of the physical context in which the solutions to
T. D. problems are made also needs to be investigated further. For
example, (I have done this to some extent) a rationale for the subject
could be developed which relates to Vygotsky's activity theory, with its
emphasis on the structure of activity, object-orientedness, internalisation
and externalisation, mediation and development. Similarly, an extension
of the present study which would examine in more detail how the
knowledge identified is situated in the context of the activity and the
culture in which it is developed and used (Seeley Browne et al, 1989)
could also benefit future T. D. students.
Work With More Students
Twenty two students in total were associated with this study, four in
the Initial Study and eighteen in the Main Study. I did not regard
these relatively small numbers as problematic and it did not affect the
generation or analysis of data from my methodological perspective.
However, others may regard the number of participating students as
small for a study which is intend to influence the provision of T. D. for
about 20,000 students annually. Although my methodology was
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qualitative, I attempted to have the significance of the differences
within and between the groups I identified statistically analysed so that
the results the students achieved in their Leaving Certificate examination
could be compared to these results. So far I have not succeeded in
achieving this. This is primarily the result of dealing with such small
numbers, but can also be related to difficulties encountered because a
specific score is not given. Such an analysis is not an essential feature
of my overall analysis, but may have been used to support the
interpretative analysis which I was using. In this way, larger numbers
of students might benefit future studies.
The method of selection of students to participate was opportunistic.
Future studies might benefit from samples which are more
representative of the students taking the subject at post-primary level.
For example, the number of girls who take T. D. is slowly increasing in
my school and in my Year 5 class this year there are four girls, about
20% of the class group. Whereas, Sara who took part in my study,
represented less than 5% of the student involvement.
More Research
Very little research has been conducted in technological subjects in
Ireland even though these subjects are among the oldest on the
benefit
into
I
believe
these
that
would
subjects
curriculum.
research
teachers and students alike.
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Appendix

1- Other Topics Addressed in the Leaving Certificate T. D.
Examination.

Paper1:

Plane& Solid Geometry

Paper2:

Building Applications

Areas of Figures

Roof Geometry

Special Curves

Projection of Shadows

Oblique Planes

Parabolic Shell
Structures

i

William P. Bolger M7137754
-

150

Appendix 2- Descriptions of Tasks and Levels of ProceduresAssociated with
Other Topics Detailed in Appendix 1.

Applications

Plane & Solid Geometry

Building

Areas of Figures

Roof Geometry

a)

a)

Task 1: Draw the initial figure
(P.P. - Level 1).
Task 2: Complete the given figure.
(C.P. - Level 4).

Task 1: Draw the initial figure,
usually portion of the plan
(P.P. - Level 2).
Task 2: Complete the projections of
the roof (C.P. - Level 3/4).
This may also involve an
I. P. - Level 3/4.
b)
Task 3: Determine the dihedral
'identified
between
angles
Level
3/4).
P.
(I.
surfaces
-

b)

Task 3: Draw the required area
conversion (I. P. - Level 3).

Task 4: Divide the area as required.

(I. P. - Level 3).
Special Curves
a)
Task 1: Draw the initial diagram
(P.P. - Level 1).
Task 2: Draw the locus of the
given point for the
movement required,
usually a cycloid
(I. P. - Level 3).
Task 3: Draw the locus for the
second movement,
involute
usually an

([.P. - Level3).
Oblique

Planes

Projection of Shadows
a)
the
1:
Draw
the
of
projections
-Task
Level
(P.
P.
building
given
314).
b)
Task 2: Determine the true angle of
light (C. P. - Level 2).

Task 3: Determine the shadow cast
by the main part of the
3/4).
building (C.P. - Level
Task 4: Determine the shadow cast
by the sphere (I. P. - Level 4).

a)

Task 1: Draw the initial diagram,
usually the partial plan of
a solid cut by an
oblique plane
(P.P. - Level 2/3).
Task 2: Determine the traces of the
plane VTII
(C.P. - Level 2/3).
Task 3: Complete the projections of
the solid (C.P. - Level 2/3).
b)
Task 4: Complete the projections
of a given solid, ollen a
te(rahedron) when thLbase
in
the
of
are
corners
given positions relative to
II. P. (I. P. - Level 4).
William P. Bolger - M7137754

Parabolic

Shell Structures

a)

Task 1: Draw the initial diagram
(P.P. - Level 2).
b)
Task 2: Complete the parabolas in
.
elevation and end view
(C.P. - Level 3).
c).
Task 3: Complete the plan
(I. P. - Level 2).
Task 4: Complete any sections that
Level
P.
(C.
are required
3/4).
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Appendix
Detailed
Topics
Appendix 3- Rules of Thumb Associated with

Plane &
Solid
Geometry
Rules of
Thumb

tuilding
Applications

12ules
of
Thumb

Areas of
Figures

Special
Curves

Mean proportion usually
involved. Many questions
based on Circle Theorems.
Conversions from polygons
to triangles to rectangles
to squares. Proportional
lines also useful for areas
in given ratios.

Roof
Geometry

Use auxiliary views to
complete projections
showing surfaces at given
inclinations. Use traditional
construction for dihedral
angle in reverse where
dihedral angle is given.
Use two auxiliaries (or
traditional construction) to
determine dihedral angle.

William P. Bolger - M7137754

Curves are usually
cycloidal. Plot locus for
each stage of movement
sequentially - tracing paper
with, moving circle is
often very useful here.
Ditto for involutes sequentiai plotting and
tracing paper.

Projection
.I.

of

Shadows

Use an auxiliary elevation
at right angles to plan
direction of light to
determine true angle.
Draw elliptical shade and
shadow cast by sphere by
determining the axes of
the ellipses.

Oblique
Planes

Determine traces by
extending given parts of
section to H. P. & V. P.
Draw an auxiliary
elevation to determine
remaining cut surface.
A secondary figure is
required to position base
relative to N. P. or V. P..
Use true lengths of sides
here.

Parabolic
Shell
Structures

Identify positions of
vertices in elevation and
end view before drawing
parabolas.- Use translated
parabola on end view to
determine widths of
vertical sections for plan.
Note where vertical
sections are cut by section
planes to complete views.
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Appendix 4- Summary Observation
Data Group 1.
of

Plane&

Areas or.

Solid

Figures

Geometry

'
"'

Carl

Consistently completed
all procedures. Tasks
completed in order.

Cary

Consistently completed
all procedures. Tasks
completed in order.

Oliver

Oblique

Curves

Planes

'

Occasionally had

Paraic

Special

occasionally

had

ditilculty with
Tasks2,3 J, 4.

dimcully with Task 4.

Occasionally had
difficulty with Task 4.

Occasionally had
diMcully with
Tasks 2,3 & 4,

Occasional) y had
dirriculty with Task 4.

Oceaslonally had
d[Mculty with Task 4.

Building

Roof

Projection

Applications

Geometry

of

Parabolic

'Shell
Structures

Shadows

Carl

Consistentlycompleted
alll procedures. "Tasks

completed In order.

Gar y

Consistentlycompleted
all procedures. Tasks
completed In order.

Parole

Occasionally bad
difticuity with Task 3.

Oliver

Occasionally had
difficulty with Task 3.
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ý ý"

"

occasionally had
difficulty Y with Task 4.

occasionally had
difficuhy with T ask4 .

`i
/

Occasionally bad
difficulty, with Task 4.

Occasionally had
difficulty with Task 4.
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Appendix 5- Summary Interview Data Group 1.
of

Plane &
Solid

Areas of

Figures

Geometry

Carl

Special

Oblique

Curves

Planes

Declarative (rules of
thumb and constructions),
procedural and

conceptual knowledge.
evidenced.

Declarative (rules of
thumb and constructions),

Gary

Pfraic

Oliver

procedural and

conceptual knowledge.
evidenced.
Declarative (rules of

Difficulty

thumb and eonstrprtlons),

concerning Identification

procedural and
conceptual knowledge
evidenced.
Declarative
thumb and
procedural
conceptual
evidenced.

Plonc &
Solid

Geometry

(rules of
constructions),
and
knowledge

with Task4

concerned how to link

of focus of point through
construction lines.

the Items of knowledge
to suggest the I. P.
required.

Difficulty with Task 3
concerning identification
of locus of point through
construction lines.

Difficulty with Task 4
concerned how to link
the items of knowledge
to suggest the I. P.
required.

Special

Figures

Curves

Oblique
Planes

Difficulty with Task3

Difficulty with Task 4

Carl

Gar y

Declarative (rules of
thumb and constructions).
procedural and
conceptual knowledge
evidenced.

Declarative (rules of
thumb and constructions),

concerning Identification

concerned bow to link

procedural and
conceptual knowledge

or locos of point through
construction Une&

the Items of knowledge
to suggestthe I. P.

evidenced.
Declarative (rules of

thumb and constructions),
Oliver

Difficulty

Areas of

Declarative (rules or
thumb and constructions),
procedural and
conceptual knowledge
evidenced.

Peralc

with Task3'

procedural and
conceptual knowledge
evidenced.
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Difficulty

with Tssk3

concerning identification

of locus of point through
construction lines.

required.
Difficulty

with Task4

concerned bow to link

the Items of knowledge
to suggest the I. P.
required.
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Appendix 6- Summary
of Observation.Data Group 2.

Plane &
Solid

Geometry

Pat

David

Michael

Justin

Derek

Areas or

Special

oblique

Figures

Curves

Planes

Difficulty with
Tasks 2&3

Difficulty with
Tasks 2&3-

Dimculty with
Tasks 2,3&4-

GP. & I. P.'s.

I"P"'s"

GP. 's and I. P»

Dirfculty

DiMcuity"with

Difficulty

Tasks2&3
GP. & LP.'s.

Tasks2&3-

Tasks2,3&4GP. 'a and LP-

Difficulty

Difficulty

with

with

Difficulty with
Tasks2&3
GP. & LP.'s.

Difficulty with
Tasks2&3,
I. P.12.

Difficulty with
Tasks2,3&4GP. 's and LP»

Difficulty

with

Difficulty

Tasks2&3-

GP. & I. P.'s..

I. P.'a.

Geometry

or

Difficulty with

Tasks 2&3
GP. & I. P.'s.

' DIMculty with
Tasks2&3
GP. & 1.P..'s.

Derek

William P. Bolger

Difficulty

with

Tasks2&3

Applications

Justin

with

Tasks2,3 &4GP. 'a and I. P..

Projection

Michael

with

Tasks2!& 3i. P.'s.

floor

David

Difficulty

Tasks2&3
C.P. & I. P.'a.

Building

Pat

with

with

Tasks 2.3&4GP. 's and I. P«

Parabolic
Shell
Structures

Shadows

Difficulty with
Tasks 3&4-C.
& I. P.c.

P.

Difficulty with

Tasks 3&4.
I. P. & CP..

Difficulty with
Tasks3&4-C. P.

DIMculty with
Tasks3&4".

& 1.P»

I. P. & C. P«

Difficulty with
Tasks2&3
GP. & LP."a.

Difficulty with
Tasks3&4- GP.
& LP..

Difficulty with
Tasks3&4LP. & GP»

Difficulty with

-Difficulty with

Tasks 2&3

Tasks 3&4-

DiMculty with

CP. & 1.P.'a.

& I. P..

Difficulty with
Tasks2&3
CP. & I. P.'s.

M7137754

GP.

DiMculty with
Tasks3&4- Cr.
& I. P»

Tasks 3&4-

I. P. & -P..

Difficulty with
Tasks3&4I. P. & C.P»
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Appendix 7- Summary
of Interview Dita Group 2.

Plane
Solid
Geometry

Pat

Areas of

Special

Figures

Curves

Items of knowledge
required to complete
Tasks2,3 &4 not being

Confusion with
procedures required to.
complete Tasks2&3.

linked.

David

Michael

Items of knowledge
required to complete
Tasks 2,' 3&4 ' not being
linked.
Items of knowledge
required to complete

Tasks2.3 &4 not being
linked. '
Items of knowledge

Justin

required to complete

Tasks 2,3 &4

not being

linked.
Items of knowledge
Derek

required to complete
Tasks 2,3 &4 not beireg
linked.

Oblique
Planes

items of knowledge
required to complete
Tasks3&4 not being
linked.

Confusion With.
proeedurli required to
complete Tasks; & 3.

Items of knowledge
required to complete
Tasks 3&4 not being
linked.

Confusion with

items of knowledge
re qpuired to complete

procedures required to
complete Tasks 2 &. 3.
"''

'--ý`

---

Confusion with

procedures required to

complete Tasks2&3.

Confusion with

procedures required to

complete Tasks 2&3.

Building

Roof

Projection

Applications

Geometry

of

Tasks3&4 not being
linked.
Items of knowledge

required to complete
Tasks 3&4

linked.
Items of knowledge
required to complete
Tasks 3&4 not being
linked.

Parabolic

Shell
Structures

Shadows

Pat

David

Michael

Items of knowledge
required to complete
Tasks2&3 not being
linked

Items of knowledge '
required to complete
Tasks3&4 not being
linked.

Items of knowledge
required to complete
Tasks3&4 not being
linked.

Items of knowledge

items of knowledge

required to complete
Tasks2&3 not being
linked.

required to complete
Tasks3&4 not being
Rnked.
I

Items or knowledge

items or knowledge
required to complete

Tasks2&3 not being
linked. '

Justin

Derek

not being

Items or knowledge
required to complete
Tasks 2&3 not being
linked.

required to complete
Tasks3&4 not being
linked.

Items of knowledge
required to complete

Items of knowledge
required to complete

Tasks3&4

Tasks3&4 not being

not being

linked.
items or knowledge
required to complete
Tasks 3&4 not being
linked. "

linked.

Items of knowledge
required to complete
Tasks 3&4 not being
linked.

Items of knowledge
required to complete
Tasks 2&3 not being

items of knowledge
required to complete
Tasks 3&4 not being

Items of knowledge
required to complete
Tasks 3&4 not being

linked.

linked.

linked.
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Appendix 8- Summary
of Observation Data Group 3.

Plane&
Solid
Geometry

Mlchefl

Areas of
Figures

Occasionally had
difficulty with Tasks 2,3

&4.

Stephen

Occasionally had
difficulty with Tasks 2,3

&4.

Martlo

Denis

Brian

Building
Applications

Mlchefl

Stephen

Brian

Tasks2&3.
Occasionally had
difficulty with

Oblique
Planes

Occasionally had
difficulty with

Tasks3&4.

Occasionally had "'
difficulty with

Tasks3&4.

Occasionally had
difficulty with Tasks 2,3

occasionally had
difficulty with

Occasionally had
difficulty with

& 4.

Tasks2&3.

Tasks3&4.

"

Occasionally bad

Occasionally had

Occasionally had

difficulty
&4.

difficulty with
Tasks2&3.

diffcuity with
Tasks3&4.

with Tasks 2,3

Occasionally bad
difcul
with Takt 2,3
4"

Occasionally had
difficulty with
Tasks2&3.

Projection
Roof
Geometry

or
Shadows

Occasionally had
difficulty with
Tasks38t4.

Parabolic
Shell
Structures

Occasionally had
difficulty with
Tasks 2&3.

Occasionally bad
difficulty with
Tasks 3&4.

Occasionally had
difficulty with
Tasks 3&4.

Occasionally bad

Occasionally had

Occasionally had

difficulty with
Tints2&3.

difficulty with
'Taslcs2&3. -

Occasionally had
Deals

Occasionally had
difficulty with

Tasks2&3.

Occasionally had

Martin

Special
Curves

di iculty with

difficulty with
"Tasks3&4.

difficulty with
Tasks3&4.

Occasionally had

Occasionally had

difficulty with
Toiks3&4.

difrtculty, with

Tasks 3&4.

occasionally had
difficulty with

Occasionally had
difficulty with

Tasks2&3.

Tasks3&4.

Tasks3&4.

Occasionally had
difficult'
with
Tasks 2&3.

Öceasionali
y had

had
Occasionally
dlmeultywith
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difficulty

with

Tasks3&4.

Tasks 3&4.
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Appendix

&
Solle

Geometry

Michell

Stephen

Martin

9- Summary of Interview Data Group 3.

Areas of

Special

Figures

Curves

Oblique
Planes

Procedural difficulties with all but Task 1. Some rules

of thumb not known, others not followed. 'Not linking
items of knowledge to complete C. P.'a or I. P.'s.

Procedural dlfliculwes with all but Task 1. Some rules
of thumb not known, others not followed. Not linking
Items of knowledge to complete C. P.'s or I. P. 's.

Procedural difficulties with all but Task 1. Some rules
of thumb not known, others not followed. Not linking

Items of knowledgeto complete C.P.'s or I. P,.'s.

Denis

Brian

Procedural difficulties with all but Task 1. Some rules
of thumb not known,'others not followed. Not linking
items or knowledgeto complete CP. 's"or 1.1'.'s.

Procedural difficulties with all but Task 1. Some rules

of thumb not known; others not followed. Not linking

Items of knowledgeto complete C.P.'s or I. P.'s.

1

Building

Applications

1111cheil

Stephen

Martin

hoof

Protection

Parabolic

Geometry

of
Shadows

Shell
Structures

Procedural difficulties with all but Task I. Some rules
of thumb not known, others not followed. Not linking
Items of knowledgeto complete GP.'s or I. P.'s.

Procedural difficulties with

ll

but " Task 1. Some rules

of thumb not known, others not followed. Not linking
Items of knowledgeto complete GP. 's. or I. P.'s
Procedural difticultIe with all but Task 1. Some rules
of thumb not known, others not followed. Not IlnldoQ

Items of knowledge to complete GP. 's or I. P.'s.

Procedural difficulties with all but Task 1. Some rules

Denis

of thumb not known, others not followed. Not linking

Items of knowledgeto complete Cr. 's or Ur. 'L

Brian

Procedural difficulties with all but Task 1. Some rules
of thumb not known, others not followed. Not. linking
Items of knowledge to complete GP. 's or 1.P.'s.
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Appendix

Plane&
Solid
Geometry

10 Summary of Observation Data Group 4.
-

Areas of
Figures

Special
Curves

Oblique
Planes

Completed Task 1.
Consistently failed to
complete Tasks 2,3 & 4.

Completed Task 1.
Consistently failed to
complete Tasks 2&3.

Completed Task 1.
Consistently failed to
complete Tasks 2,3 & 4.

Cotbal

Completed Task 1.
Consistently failed to
complete Tasks 2,3 & 4.

Completed Task 1.
Consistently failed to
complete Tasks 2&3.

Completed Task 1.
Consistently failed to
complete Tasks 2,3 & 4.

Ends

Completed Task 1.
Consistently failed to
complete Tasks2,3 & 4.

Completed Task 1.
Consistently failed to
complete Tasks2&3.

Completed Task 1.
Consistently failed to
complete Tasks2,3 & 4.

Trevor

Completed Task 1.
Consistently failed to
complete Tasks2,3 & 4.

Completed Task 1.
Consistently failed to
complete Tasks2&3.

Completed Task 1.
Consistently failed to
complete Tasks2,3 & 4.

Kenneth

Building
Applications

Kenneth

Cathsl

Ends

Trevor

Projection
of

Roof
Geometry

Shadows

Parabolic
Shell
Structures

CompletedTask 1.

Completed TasksI&2.

Consistently failed to
complete Tasks 2&3.

Consistently failed to
complete Tasks 3&4.

Consistently failed to
complete Tasks 3&4.

CompletedTask 1.
Consistently failed to
complete Tasks2&3.

Completed Tasks I&2.
Consistently failed to
complete Tasks3&4.

Completed TasksI&2.
Consistently failed to
completeTasks3&4.

CompletedTasksI&2.

Completed Task 1.
Consistently failed to

Completed Tasks I&2.
Consistently failed to

Completed Tasks 1&2.
Consistently failed to

completeTasks2&3.

complete Tasks3&4.

complete Tasks3&4.

Completed Task 1.

Completed Tasks I&2.

Completed Tasks I&2.

Consistently failed to
complete Tasks2&3.

Consistently failed to
complete Tasks3&4.

Consistently failed to
complete Tasks3&4.
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Appendix

Plane &
Solid
Geometry

Kenneth

11 Summary of Interview Data Group 4.
-

Areas of
Figures

Special
Curves

Oblique
Planes

Procedural difficulties with all but Task 1. Some rules
of thumb not known, others not followed. Not linking

Items of knowledgeto complete C.P.'s or 1.P.'s.

Cathal

Ends

Procedural di(Ticidlies with"all but Task t. Some rules
of thumb not known, others not followed. Not linking
Items of, knowledge to complete C. P.'s: or I. P.'a.

Procedural dlmcultles with all but Task 1. Some rules
Not linking
of thumb not known, others not followed.
Items of knowledge to complete GP. 's or I. P.'a.

Procedural difficulties

Trevor

Building
Applications

Kenneth

Not
linking
followed.
known,
thumb
not
others
not
of
's.
Items of knowledge to complete CP. 's or f. P.

Roof
Geometry

Ends

of
Shadows

Parabolic
Shell
Structures

with all but Task 1. Some rules

of thudib not known, others not followed. Not linking
Items of knowledge to complete C-P.'s or M's.

Procedural difficulties with all but Task 1. Some rules
of thumb not known, others not followed. Not linldng
Items of knowledge to complete CP. 's" or 1-P.'s.

Procedural difficultles
Trevor

Protection

Procedural difficulties with ll but Task 1. Some rules
of thumb not known, others, not followed. Not linking
Items of knowledge to complete C. P.'s or LP. 's.

Procedural difficulties

Cathal

with all but Task I. Some rules

with all but Task 1. Some rules

of thumb not known,
others not followed. Not linking

Items of knowledge to complete -P. 's or I. P.'r
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Appendix 12 Summary of Audio-Recording of Pairs Data Across Groups
-

Plane&
Solid

Areas of

Geometry

Figures

Special

Oblique

Curves

Planes

Evidence of planning.
checking, evaluating nd
revisin g strate g ies.
Evidence also of visualisation
from a knowledge perspective

Group I

Olor

Evidence of planning,

checking, evaluating and
revising strategies.
Evidence also of visualisation
from a knowledge perspective

Group 2

Discussedthe completion of P.P.'s. C.P.'a and LP.'s.

Croup3

"

Group 4

Seldom completed other than P.P.'a. C. f. 's and LP. 's
Discussed only in terms of how in complete procedures
No evidence of stir-rsgulation or v1sualisatlon from a
knowledge perspective.

Discussed the completion. of P.P.'s. C. P.'s and 1.P.'s.
Seldom completed other than P. P.'s. C. P.'s and I. P.'s
Discussed only In terms of hon to complete procedures.

No evidenceof self-regulation or visualisation from a

knowledge perspective.

loor

.

Building

Roof

Projection

Applications

Geometry

of
Shadows

Parabolic
Shell

Structures

Evidenceof planning,
checking, evaluating and

Group 1

Group 2

Group 3

Group 4

revising strategies.

Evidence also of visuaibaiton
from a knowledge perspective
Evidence or planning,
checking, evaluating and
revising strategies.
Evidence also of visualisation
knowledge perspective
from

Discussedthe completion of P.P.'s. GP. 'a and LP.'r.
Seldom completedother than P.P.'s. -P. 's and LI'. 's
Discussedonly In lertns.of how to complete procedures.
No evidenceof self-regulation or vtsuaiisation from a
.
knowledgepersp ctlve,
Discussedthe completion of P.P.'s. GP. 'a and LP.'a.
Seldom completed other than P.P.'s. C.P.'s and LP.'s
Discussedonly In terms of how to complete procedures.

No evidence of self-regulation or vltuallsation
knowledge perspective.
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410endix

13 - DifTerencesBetween Selected Individuals Across Groups

n
! "lid
C ''ýOmelry

* % ry
* anpt

B

v Id
oup 2

! lphen

ronp 3

Areas of
Figures

Special.
Curves

Comprehensive knowledge

of all procedures,concepts
and rules of thumb.

Knowledge of procedures
and rules of thumb .
Sometimes had difficulty

with Tasks 3&4.

"

Often had diflicutties
completing Task 2.

Knowledge of procedures
and rules of thumb.
Sometimes had diricnity with

with Tasks 2&3.

Task 4. "'

Tasks I&2

Seldom completed

completing Task t&2 .
Seldom attempted or
completed Tasks 3&4.
No rules of thumb.

Seldom completed
Tasks 2,3 & 4.
No rules of thumb.

Projection

Parabolic

of '
Shadows

Geometry

of all procedures, concepts
a nd ru l es of th um b.

Knowledge of procedures
and rules of thumb.

and rules of thumb

Sometlmeshad difficulties
with Tasks2&3.

Sometimes had diftlcully

with Task 4.
Tasks I&2

Seldom completed

Stephen
Group 3

IN

Task4

usually not
completed.

completing Task3.

Task

successfully.
Uaually unsuccessfull

in completing Task

usually

completed. Tasks3'.
on.. completed but

Task 2. Offen
nnsucceeafu!In

Seldom completed

Trevor
Gros p4

Shell
Structures

Comprehensive knowledge

Knowledge of 'procedures
David
Croup2

Tasks2,3 & 4.

Tasks I. Sometimes
attempted Task 2 but
seldom completed lt or
Task 3.

Roof

Cary
Croup 1

seldom completed

Usually completed

4uilding
pplicaaons

but seldom

completed Task 3.

Frequently had dlfllcultles
r
rou p 4

Knowledge of procedures
'
and rules of thumb,
.
Sometimes bad dlfliculty.

Usually compleled

Tasks 3&4.

t`tevo

Oblique
Plants

Tasks I usually 'completed.

TS ak2 often unsuccessfully
Talks 3&4
atfepled.
m
sometimes attempted but
usually not completed.

William P. Bolger - M7137754

Knowledgeof procedures
and rules of thumb.
Consistentlycompleted
all tasks.
Tasks i&2

usually

completed.Tasks3&4
often attempted but
usually not completed

TasksI completed.Task 2
occasionally attempted.

Tasks3&4 sometimes
attempted but usually not
completed.
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Appendix 14 Typical Leaving Certificate Technical Drawing Papers I& 2(b).
-

AN ROINNOIDEACNAIS

LEAVING
CERTIFICATE
EXAMINATION,
1997
TECHNICALDRAWING- HIGHERLEVEL- PAPER I
(PlaneandSolidGeometry)
MONDAY,
2.00.5.00
23JUNE- AFTERNOON
(200MARKS)
INSTRUCTIONS
(a)
(b)
(c)
(d)
(e)
(t)

Answerour questions.
Allquestions
carryequalmarks.
linesmustbeshownonall solutions.
Construction
Writethenumber
distinctly
ontheanswerpaper.
of thequestion
Alldimensions
paper,
aregivenInmillimetres.
onthequestion
Firstor thirdangleprojection
maybeused.

1.

Giventhehorizontal
andverticalprojections
of twoplanesABCandDEF.
A

260

0
C

=

D
E

»-

5

-»

80

215

-»

90

-»

25

150

-»

25.55

200

' --

10

15
.

-»

5ý

95

---

70.

=

250

F

=

140

(a)

Determine
between
theplanes.
thelineof Intersection

(b)

Determine
thedihedral
theplanes.
anglebetween

(c)

Determine
thehorizontal
traceandtheverticaltraceof a planewhichpassesthroughthe
pointsB,C andE.

-»

"»

",

35

DE
AC
lines
Ona separate
diagram,
drawtheprojections
andshowthe
the
and
skew
of
between
horizontal
them.
distance
projections
of theshortest
William P. Bolger - M7137754
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(d)

Fig. I showsa circleandanirregular
A1CDE.Theareaof thetriangleCDEIs halfthatof
pentagon
the quadrilateral
ABCE.
(a)

Drawthegivenfigureshowing
allconstructions
clearly.

(b)

Ona separate
diagram,
inscribe
InthePentagon
ABCDE
having
triangle
anequilateral
one
vertex
at Candtheothertwovertices
ontheskiesABandDE,respectively.
1A-+47

Eý
0
M

Iß. 1
Fig.2 showstheelevation
of a rightconeA anda sphereB whichareIncontactwitheachother.
(a)

Drawtheelevation
andplanof thesolids.

(b)

Drawtheprojections
C so thatit restsonthehorizontal
of another
sphereIn theposition
thesphereB at a point40mmabovethe
plane,Is Incontactwiththeconeandtouches
horizontal
plane.

(c)

Drawthe tracesof a tangentplaneto the coneandsphereB.
an

Y

X
IG.2
PA 2 öf 4
William P. Bolger M7137754
-
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-

4.

Fig.3 showstheprojections
triangular
of anequilateral
prismof 95mmsidetyingon thehortzontäi
plane.
Alsoshownaretheprojections
is a quadrant
of a solidwhosecross-section
of a circleof 40mm
theprism.
radiuswhichpenetrates
Drawtheprojections
of thesolidsshowing
allfinesof Interpenetration.

f

C
V

.ý
IG.3

ýr_
i50

5.

The
diameter
horizontal
lies
Fig.4 showstheprojections
the
of the
plane.
which on
of a cylinder
PQ
the
Is
Also
fine
the
Is
length
Is
140
Its
100
surface
of
on
a
shown
straight
mm.
mm
and
cylinder
cylinder.
planeforonecomplete
Thecylinder
rollsclockwise
revolution.Duringtheroiling
alongthehorizontal
lineto Q.
ThepointP movesalongthestraight
of thecylinder
forthecombined
Drawthelocusof thepointP Inplanandelevation
movement.
t', Q

00
XY

110.4
William P.
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(a)

Drawa straightfineDVF,whereDVis 45mmlongandVFis 28mmlong.F is a focusof an
ellipse,V Is thevertexandD is apointonthedirectrix.
Drawa portionof thecurve.

(b)

Drawa triangle
AFPwhereAF= 35mm,FP= 70mmandAP= 85mm. F is oneof the
focalpointsof a doublehyperbola,
A Is a pointonthetransverse
axis,APIs a tangentto the
curveandP is thepointof confect.
Drawa portionof thedoublecurve.

Fig. 5 showstheplanandelevation
has
of a regulartetrahedron
of 90mmside.Thetetrahedron
beencutbyanoblique
planeas shown.
The truelengthof theedgeDFIs 57mmandthecutsurface
DEFIsinclined
at 400to thehorizontal
plane.
(a)

Drawthegivenplanandelevation,

(b)

drawa planandelevation
Ona separate
diagram,
tetrahedron
whenthe
of thecomplete
comerC restsonthehorizontal
planeandthecomersA andB are20mmand60mm,
respectively,
abovethehorizontal
plane.

1

\\
ý1

Al

x

\f

f
abc
d

ýý
u

FIG.5
Page"4of 4
William P. Bolger M7137754
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AN ROINNOIDEACIIAIS

LEAVING
CEfTIFICATE
EXAMINATION,
1997
TECHNICAL
DRAWING
HIGHER
LEVEL
PAPERII(B)- BUILDINGAPPLICATIONS
TUESDAY,
24JUNE- AFTERNOON
2.00P.M.TO5,00P.M.

(200Marks)
INSTRUCTIONS
(a)
(b)
(c)
(d)
(e)
(f)

t.

Answer our questions.
All questionscarry equal marks.
Constructionlinebmust be shownon all solutions.
Write the numberof the question,distinctly,on the answerpaper.
First or third angle projectionmay be used.
All measurementsare given in metres.

Draw a perspectiveview of the
structureshownIn Fig. 1. The
pictureplane passesthroughthe
cornerA, the spectatorS is
10 m from the cornerA and the
horizonline is 9m abovethe
groundline,
Use auxiliaryvanishingpoints
where appropriate.
Scale 1: 100

a

William P. Bolger - M7137754

Fla. 1
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Fig. 2 shows the outline plan and elevationof a röof. SurfaceB has a pitch of 50°,
surface C has a pitch of 45° and surfaceE has a pitch of 40°. The dihedralangle
between the surfacesA and B Is 130°.
Draw the given plan and elevationand determinethe dihedralangle betweenthe
Scale 1: 100
surfaces D and E.

FIS. -2

X\
.,

Fig. 3 shows the
outline plan and
elevation of a building.
Draw the given views
and determine the

E

shadows and shade
to plan and elevation
when the direction
of the Ilght Is as

20

in
the figure.
shown

Scale 1: 200

Flg_3

rl. ý
lqgd,
ý,; .1
William P. Bolger - M7137754

r

Fig. 4 shows the outline plan and
elevation of a building.
It Is In the form of a hyperbolold

-------------ý

of revolution. The outline of

an entrancewhich projectsfrom
the main buildingIs also shown.

E
v.

Draw the plan and elevationof the
building.
Scale 1: 200

E
N

ý\
ý
'o

ý"
-

ý'
;-

'T'

,i

"-I----ý

--

i

\\\ýý

I

F

On a contourmap A and B are two pointswhosealtitudesare 125 m and 130 m,
respectively. On the map B is located 125 m east of A. A skew bore-holeat A Is
drilled In a north-easterlydirectionIn plan.and has an actualInclinationof 65° to the
horizontal plane. It revealsthe top and bottomsurfacesof a stratumat altitudesof
105 m and 40 m, respectively.

A skew bore-holeat B Is drilled In a south-westerlydirectionin plan and has an actual
Inclinationof 50° to the horizontalplane. It revealsthe top and bottomsurfacesof the
stratum at altitudesof 85 m and 70 m, respectively.
(a)
(b)

Determinethe dip, strike and thicknessof the stratum.
Another skew bore-hole at D is drilled In a soutireasterly direction In plan. The
length of the hole as It goes through the stratum Is 30 M. Determine the
Inclination of this bore-hole to the fioillontal plane and find the distance from 8
to the top surface of the sttatum along the bore-hole.
Scale 1: 1000

William P. Bolger - M7137754
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Fig. 5 shows the outline plan of a roof which contains live hyperbolic paraboloid roof
surfaces. The roof perimeter is square to plan. The corners A, 8, C and D are at
ground level, corners G and E are 12 m above ground level and corners F and H are
16m above ground level.
Draw the given plan of the
hyperbolic paraboloid surfaces

(a)

C

ABEF and EFGH and project
an elevation.
(b)

Silow the curvature of the roof
.
along a line Joining G to B.

(c)

Determine the traces of
the plane director for
the edges AF and. BE of

the surfaceABEF and
having Its horizontal
trace passingthroughB.

AB
Scala f: 200

Fig. 5
k

The accompanyingdrawingshowsgroundcontoursat five-metrevertical Intervals.AB
Is the line of a proposedröadwayand CDEFGis a proposedparkingarea.
The roadway AB has the following specifications;(t)

formation width 15 m;

(II)

formation level at A Is 80 m;

(hi)

gradient,A to B Is 1 In 20 rising;

(Iv)

side slopes for cuttings I In 1.5;

(v)

side slopes for embankments 1 In 2.

In the parking area the sides DE and GF are level and the gradient from C to D Is 1 In
20 falling. The side slopes for cuttings and embankments are the same as for the
roadway.
On the drawing supplied show the earthworks necessary to accommodate the roadway
and parking area.

William P. Bolger - M7131754
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Appendix 15 Examples of ObservationData.
-

Carl - Observation
Tuesday 11th May, 1999.
PerspectiveProjection

Drew 1 peiepeolivs vlsw of His
slmdure shownIn rig, 1. The

1.

pkhas plans puss through014
Ihre spectators Is
tomes
f0m Irom
or the comer
corner A and the
horizon OneIs 9m above the
ground 9n..
Use euxflsry vanishingpoinlt

6,
fri

k

S ýcýtFiý

hJ

F Gt

IVY

1..

fi. t..

dt

ý+-

'drere appropriate.
sale

II
1

1

100

It

ry-t

s

,

'i

r

4%tß

aJ'

c12w.

11

II
"ý
Ie-

Vcg

elltis-

e7w"ý

Iý

SV`+tf.

/

ýS
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GJRI,,

tl
.c

4

e,

ý

cnrudl

14D7-I(
LM

oovt

C br.

ýl

Gd2

1ý"ý

ýý

ýý

sa-

/4
rxe..

ScG

ýze
wý.

t%

l. ``d1

tt

Sýc

V ill-

VýZLL
LLB;

PP,

lac. iae.. }.....

an

"

t

ý.

(', tAly l

"i,

hei
(

N, "

LA-1

dom.

Lam,
a-

"f'.

.

567.

-4-

\'
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ýu"L d

a c..

TC., ýý,

"MOL,

"

e

3.

-a\-\

FIg. 3 shows the

rl4t.

outline plan and
elevallon of e building.

Taik- A.

E
F I.

Drew the given views
and detarminä the

0ý2Q.

L
Ice

shadowsand shade
In plan and elevation
when the direction

si

41eß

of the tight Is as
shown In the figure.

`'ý

-ý'

S

r

a-tLt

.r

cCý'

(

Q-

4'

PLai..

Goer

Scale 1: 200

-r

ýSpý

ll,

ýcStL)

! Lýºt:

iia

Fla.3

sýýcý s PGam,
u a.

t- awe.

Gary - Observation
Tuesday 21st September, 1999."
Projection of Shadows

SQýt, 4-

sow.

ýi.
ýºCi

-ýý.

Pzeýr. ý týz.ý

k4

I"

GLSI

'ý

SL.-a(sa ca-t'

aý -.,.
dZa..

LýlsýS
S

slob`

ý

ýw

GCtti..

-

n6
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Q

(c
__
-

,
cq

lý"G(cw4

I

1

ow

IKWiF

.f

CY(c

--

ý.

I

Pat - Observation
Tuesday 24th November,

Given thehorizonlelandverllcalpro(ecllonsoItwoplanes ABCandDEF.

A

41' 250 -5-

.,.

4 ( 215

-

90

-

25

C

ý>o

150

-

25

-

55

D

41Eo200

Intersecting Planes

so

B

-

10

-ý

15

1998.

"-t:,

O

k.

SIT

E

ý Iý 250

-

55

-ý

95

F

140

-

70

-

35

Determine
between
theIns of Intersedlon
theplanes.

(a)
(b)

Determine
theplanes.
thedfiedralanglebetween

(c)

the
Determine
thehorizontal
beceandtheverticalheceof e planewhichpossesthrough
pointsB.C andF.

(d)

dlagram,
drewOrepro)ecllons
Ona separate
of theskewInesACand End showthe
horizontal
betweo
distance
ortheshortest
pro(ecdons

YFd.

4bß

2'')
(or

Ltt-,q
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4.

`Ia--,
ýýi,

Fig.3 showshs p,o ocNons
Ulangutar
of an epuilaterat
prismof 95nansidelyingonthehorizontal
plane.
Alsoshownaretheprofedlone
of e to6dwhosecross"ced
onI. a quad.
aalof a circleof lamm
theprism
redlum
whichpeneireles

ýy -ý ý45lCýt--5,

GrowtheproJedrons
of theeoAds
ehowinp
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1-rt4

4,
&UO=dl-ý

CIO

L

FIG.
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4.4

Bess

tom!

ti

6\1"' .

Paraic'- Observation
12th January, 1999.
Tuday
Interpenetrations
cam.,
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Appendix 16 - Examples of Interview Data

Extrncl from interview with instill Cummins on
Inlersecling Planes & Skew Lines
Monday November 23rd, 1998 before 10.30.

Justin completed a very satisfactory solution to the question, answering all parts
to a very high standard measured by examinationstandards.He complete his
solution In 30 minutes, a good five minutes under the time allocation for each
question in the examination. I was interested in the order in which he prepared
his solution and if there was any portion'of the question which he found
problematic.
WPD When you were drawing your solution you didn't answer the question in
the order in which it was given on the question paper-why was
'lint?
IN ML

Justin I drew the planes from [lie co-ordinates the way you showed us.
WPD What do you mean?
Justin The measurementsin the first column were very big so I reduced them
by taking the lowest mcasurement.givcn from the others.

`l
D

WPD What about parts a, b and c?
Justin I did the dihedral angle second. The line of intersection was given sQ I
ING'tC-i4e,
i RL
tz
was able to start drawing the auxiliaries.straight away.
ai,
WPB flow did you know where to start %'illl the auxiliary views?
Justin I drew the first auxiliary at light angles to the line of intersection and
drew
I
length
it.
had
The
I
was along
the
true
auxiliary
then
second
of

the two length to give a point view of it. "

i.

ý

WPB What,did that do for you?
dihedral
the
I.
angle
lines
to
sec
Justin it gave me dhe planes as
and was able
between them then.
1,44
lea'^
sý
WPB You then moved onto part c. Why was that?
draw
two
lines
just
lind
and
knew
I
I
to redraw the skew
Justin Well
that
between
them.
line
horizontal
lind
the
to
shortest
auxiliary views

t1

WPIJ Was the solution to this part straightforward so?
line
the
doing
If
shortest
this.
Justin No. There are two ways of
you want
' between the skew lines you have to use the auxiliary views method.

ý-}1

And if you want the shortest horizontal line between them you use the
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fY-

"ý

PCc'cN
NO
planes method. I knew. I needed to use the planes method becausethe
word horizontal is in the question.
WPB

You left part b of the question to last, why was that?
I. a ý,ý- L
Zet
ut,
cLtJ4
Justin I wasn't able to figure out how to do it straight awa
figure
couldn't
.I
out what to o even ioug iI
iad the e-evatcon and plan of the planes
drawn. So I decided to leave it for a while and then to come back to

it after I had. the Skew lines finished.
WPB So how did you figure out how to finish part b?
C'?"ZW w

Justin I went back and drew a, horizontal line through C in elevation. I could
see that this line cut through the sides of the other quadrilateral plane, LJPb
showing a leyel line in elevation on this plane. So I drew this line on
the plan and the shortest tine from C to it was at right angles to it.

1T JFr(;

WPB Was there any part of the question you had any problem,,
-yitlrZ__-----"
Justin Yes. Until I drew the level line passing through CI

couicjn't Igure out

how to finish part b. laut `when I saw the line on ABDEr I was able
to finish it.

5

G.

14-

ý

Cam....
uýtw. -ý

º
c,,.,
ý
ýýc..
ý....,

Sý 'III

JLL
L,,
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0
Interview with Ken following observation of him completing
Perspective Projection question, (Q. 1 1996 Paper2(b) higher
on Monday, December 7th, 1998.

a
level)

WPB Ken, yout drew thie plan and elevation first but you left
the curve?
out
-Ken

Yes, at the start but I came back to it.

WPB

Then what did you do?

Ken

I picked a centre on the centre-line and drew a curve I
thought looked right.

WPB And then?
Ken

I used the same distance on the compassto draw the curve
on the elevation. I drew up from the centre on the plan and
from one of the points I had I drew an arc to intersect it and
again.
drew
I
the
then
arc

WPB Did that work out?
Ken

No -I
had.

I
that
didn't
two
the
through
that
points
go
got a curve

WPB Why was that do you think?
Ken

I don't know, I thought I had it done right.

WPB Had you ever done anything like that before?
Ken

Yes, I think we drew something like that before in class.

WPB

What about Junior Cert.?

ýý"ýn+ýýaýýý.

clLcýw7lvý.

Ken

I didn't do drawing before r(ih year at all.

WPB Anyway, you moved on to set upfor the perspective?
Ken

WPB

Yes, I drew all the points. The angle of vision first, the
the
and
the
plane
the
picture
of
plan
central visional ray,
vanishing parallels to give me the vanishing points.

ý"

1t
re
f°`Le
(16
e t311.c. c-

Any problems there?
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f

Ken

No, I don't think so. I drew the ground line and the horizon
line aller that and marked in the
positions of the vanishing
points.

WPB What aboput the auxiliary vanishing points mentioned in the
question?
Ken!

I didn't get arourgd to that. I don't know if I'd have been
able to find it.

1'r"

WPB

You didn't try to draw the perspective view itself?

wJr rý,,ý .,_.

Ken

I was trying to figure out where to start but the plan of the
picture plane wasn't touching (lie nearest corner of the plan
like it usually does-it was passing through the plan-I know
we did some like this, but I couldn't remember how to get

-

ýi i, -'ý--

started.

WPB The picture plane was passing through the plan but you didn't
know where to start the perspectiveis that it-how many
places was the plan cut by the picture plane?
Ken

It passed through two edges, but that was no use to me
-I
just couldn't think of liow to find a starting height.

WPB

What about the heights of the edges you mentioned, did you
kriow those?

Ken

Yes, I suppose so.

Well it wasn't so bad -I had the plan done properly. The
set-up for the perspective was alright, even though I hadn't
found the auxiliary vanishing point.

WPB What about the perspective view you were asked to draw?
Ken

I suppose that wasn't very good.
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WPB What did you think of your overall solution?
Ken
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Paraic Kennedy
Leaving Certificate Higher Level 1991 Question 5Interpenetrations
WPB

I noticed that you began your solution by drawing the pyramid in
a
secondary position?

PK

Yes. I drew it when 'it was on the I lorizontal Plane.

WPB

Why was it necessary to do. that?

PK

Well, I couldn't draw the elevation that was given in the question right
away.

WPB Why was that?
PK

BecauseI didn't know the height of the pyramid when the base was
tilted up.

WPB

So how did you go about finding the height?

PK

I drew the pyramid when' its base was on the ground. Veen I rotated it
so that one of its sides was perpendicularto the ground.

WPB

How exactly did you do that?

PK

Once I had the pyramid rotated into the correct position I was able to
draw the edge of the base that was left on the ground on the plan and
elevation. I knew the apex of the pyramid was straight above the centre
of the base. So I finished the elevation and plan of that side.

WPB What about the rest of the solid?
PK

Well, I knew the height the other side of the base...the one that was
off the ground...from the original elevation I drew. So I just drew two
lines from the base of the vertical side at 300 up to that height to give
1
base.
Then I finished the base in the
me the other side of the
elevation and plan and drew the edges of the pyramid In.

I This
assumesthat the sloping lines of the base are parallel to the edges of
intersecting prism-which is not the case here. 7'he angle of the sloping edges
is determined by the inclination of the pyramid into a position where one of
its triangular edges is standing perpendicularto the Horizontal Plane.
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0
WPB

You took it that the sloping lines of the base of the pyramid were at
300 in the elevation is that right?
-

PK

Yes - is that not right?

WPB

Well let one ask you this! Was there any other way you could have
drawn the elevation and plan of the 'pyramid with the base inclined as
its shown in the question?

PK

I thought you'd have to ,draw it in position on the ground first before
you could rotate it!

WPB So you didn't think about any other way of drawing the pyramid in the
required *position?
PK

NO
.2

WPB Once you had the pyramid drawn you went on to draw the prism in
position?
PK

Yes. I started with the bottom edge in elevation. Then I drew the
section as it was given so that I could put in all the lines in elevation.

WPB

What about the plan then?

PK

I started this from the given edge. Then I took the measurementsfrom
the distances I'd marked at right angles to the angle of the prism in the
3
elevation. I took the order of the edges from left to right.

WPB

What then?

PK

Well I had the elevation and plan of the two solids complete then, So
I started on the auxiliary plan.

WPB

What did you do there?

PK

I drew the XI-Y1 line at right angles to the angle of the prism in
elevation. Then I projected the five comers that made up the pyramid
back to
down from the elevation. ' I took the measurements from X-Y
4
the plan. I did the prism the same way.

2 There
are other ways of drawing the pyramid in the required position.
Probably the easiest one would be to draw an auxiliary elevation along the
be
Once
this
Horizontal
Plane
would
view
that
the
edge
on plan.
rests on
it-dien
from
be
directly
the elevation.
the
constructed
plan could
projected
3 This is
described.
just
has
lie
complementary
procedure
a
4 Another
Is
drawing
plan
of an auxiliary
complementary procedure - the
described here.

William P. Bolger - M7137754

181

WPB Once you had this finished what did
you do?
PK
the

Well, I could see5 from the auxiliary plan that
all the exit points for
prism were on the vertic?l side of the pyramid. So I finished this side
ofd' first.

WPB flow did you do that?
PK

I just projected each point that struck the vertical side on the plan up
to the elevation.

WPB

You didn't use the auxiliary view?

PK

I didn't have to for that side. 6

WPB

What about the other side?

PK

Well, I used lines on the surface there.?

WPB Did you have any problems with this?
PK

No, not really. Two of the edges were at the back and two at the
front. So I couldn't join them up straight away. I had to find the cross8
over points.

WPB flow many of those were there, and how did you find them?
PK

There were just two on this problem. I found them on the auxiliary
view first, projected them to the edges in elevation and then to the
9
plan.

WPB How did you know there' were only two?

5 Visualising
the solids intersecting?
6 When
a surface is vertical the intersection of any line (edge) with it can be
pinpointed immediately. lie seems not to be just following the procedures
Orthographic Projection here.
associated
with
7

He knows what procedure to follow here to locate the intersection of the
edges on these sloping surfaces.
8 Again, lie knows
what procedure to use to deal with an Intersection that is
not straightforward.

9 It is
not always easy to determine exactly how many cross-overpoints there
are on a problem like this.- Again, lie seems to have a good picture of what is
happening where the solids intersect.
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PK

When I followed the edges around on the auxiliary view I had to cross
the edge of the pyramid, once on the top and once on the bottom.10

WPB

Was that it then?

PK

Yes.

WPI3 What did you find most difficult about this question?
PK

The hardest part was trying to f1jure out how to draw the pyramid in
the position that it was given in.

WPB What was difficult about this?
PK

Well I drew the pyramid on the ground first, then rotated it so that a
side was vertical. But I wasn't sure how to connect these views with
]
2
had
the elevationthat
to be drawn.

WPB How did you do this in the end?
PK

I drew the sloping edges of the base at 30°.

WPB

Was that correct do you think?

PK

I think so,

10 Ile's describing
another simple procedure which will allow the number of
cross-over points to be determined.

11 Trying to devise
procedures which will allow for the construction of a
solution.
'..12 lie was able to come up with a'procedure which allowed for the position
of the apex of the pyramid to be determined in elevation. However, his
completion of the elevation and plan of the pyramid highlighted the disjointed
devised,
he
lie assumed the sloping lines were at
nature of the construction
30o and continued from there. His pyramid was incorrect. However, all the
procedures he followed thereafter would have led to a correct solution being
drawn had this complementary procedure been carried out satisfactorily.
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Appendix 17 Examples Audio Recorded Pairs Data.
of
0
Cary Rnflcry & Carl Newell:
Leaving Certificate
Areas.
Higher
Level
1991
Question
2Gary

Right... we know the areas are 5:4: 3. So that means that ABC is
obviously 5, ACD is obviously 4, and ADE is obviously 3. So what
you do there is draw a line from C perpendicular to AC and divide the
1
line-we'll say from B to a point on AC... we'll call it G...

Carl

You don't have to call it anything- you can just draw it in position...

Gary

then divide-that line into five parts. 't'hen you take four of the
...
from
it
G up the other side, you'll get the height
parts and measure
off
2
of the triangle. You'll get the height of the triangle and then all you
have to do is.... ACD is a 700 angle so..
.3
Right

Carl -We don't know what that is but well find it out though when we draw
4
it's
just
line..
for
250
line.
the
the other part of the
that's the ratio
Gary O.K. that's it yeah! Iliac's what you do. Where the line AD cuts that
line you'll just get that triangle and then it's the exact same thing for
the next one. All you have to do is draw another perpendicular from C
to AD and divide that into 4. Then take 3 of those parts from the line
AD and you'll knock that off perpendicularto AD. Then you go at 250
5
line
AC.
to the
Carl

all right Gary I get the point

Gary

Do you?

Carl

I do - but listening to the tape I don't think he'll have a clue what's
6
going on.

1 They've
realised that the' given base AB should not be used when dealing
with these adjoining triangles. Instead of the obvious, they are taking AC as
the base, drawing a perpendicular to it, and dividing it into the ratio required.
2 his is
correct. They have now determined the perpendicular height of the
triangle ACD.
3 Gary is
assuming that the three triangles are similar.
4 Cart has
is
that
that
that
all
the-triangles are not similar and
spotted
required to locate D is to draw a line parallel to AC at the appropriate height
such that it intersects the second 250 line-to give D.
5 Gary has
now seen Carl's point and describes how the final triangle ADE is
to be constructed using a similar construction.

6 Actually,
they have describedthe constructionvery clearly - so I was able to
follow it without any difficulty.
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a
Gary Did you do something wrong Carl?
Carl

I got mixed up with your Instructions Gary!

Gary You missed taking a height there definitely! We're trying to construct
...
the third triangle here.
Carl

Carl would have it constructed ages ago if he wasn't getting so many
instructions!

Gary

You should be getting 750, there to the horizontal line AB.

Carl

I have that already done Gary. 7

David Gleesonjoined in at this point.
David You sound like you're a bit behind there lads (pause- playing with
recorder. It was turned on and off severäl times).
Gary From A draw two straight lines which will divide the figure Into three
parts so that their areas are in the ratio of 3:4:5. Their areas are in
the ratio of 3:4:5...sorry! O.K. -join L to B. Yeah! That makes a
quadrilateral out of the five sided figure. And we still have the same
8
base AB and a triangle ABE. Is the base still AB?
Carl

Yes.

Gary

The base is still Aß but Its a continuation of AE9 - so now we
have...from 13...right, that makes sense Carl 3:4: 5...now you're going to
...
divide the opposite side into the ratio of 3: 4: 5 are you? 1O

7 They're just
messing about leere.They have completed the construction of
the irregular pentagon- part (a) of the question.
8 Gary has
realised that he will not be able to complete part (b) of the
question while the figure Is an irregular polygon. lie has decided therefore, to
sub-divide it into a triangle ABE, and quadrilateral BCDE as a first step in
completing part (b).

9 This
refers to changing the area of the quadrilateral BCDE. This is done in
two stages. Firstly BCDE is divided into two triangles BCE and CDI3. Then
into a single triangle by moving the vertex D, such that it falls on the line
AB extended. Tllis gives an overall triangle equal in area to the figure
ABCDE.
10 They've
managed to convert The given irregular pentagon into a triangle of
equal area. Now, Gary is inviting Carl to divide the side of the triangle
opposite B into the required proportions. Since the bases of these triangles are
in the correst proportions and they all have the same perpendicular height the
resulting triangles have areas in the required proportions.
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Carl

Yes, 12.

Gary 3:4:5 is twelve parts...that's 3+44512.
Carl

Yes, 'cause 3 and 5 Is 8, and 8 and 4 is 121

Gary O.K. -3 and 4 is 7 and 5 is 121
Carl

That's an equally valid point Gary.

Gary

Now... it's actually a very easy question thisl Now, bring them back... no,
back up to this point here Car11

Carl

That's what I'm doing; if you'd move your elbow so I can move the
'tee square' Gary.

Gary You're connecting them to the wrong point there Carl?
Carl

No - I'm connecting them to the right point! You must still be thinking
11
hash
Oral!
about your

Gary Now...we're back on the right road again...3:4:5. Does that mean any
12
be
it?
It
in
3:4:5
the other order could
specific order? could
Carl

No...it would be up here then, it wouldn't be bisecting the five-sided
figure at all. 13

Gary

Yeaht I was just testing you there to see.

Carl

Is that it Gary? Ilere I was thinking that you just didn't know.14

11 This is
a reference to the Oral Examination for the Leaving Certificate
which these two students were due to take the following morning.
12 Gary is
wondering if the extended line AE should be divided in the
required ratio from A or from the other end of the line?
13

Carl is just pointing out that the proportion must begin at A, otherwise the
two lines dividing the triangle will not fall within the original irregular
entagon ABCDE.
ý4

This is just a bit of. banter between the two students.In fact, it can be
very difficult to determine where such a proportional division of a line should
begin in order to achieve the desired result. That Carl can say definitely which
end of the line he should start fron, without trying it out, is quite unusual.
lie obviously has a good 'picture' of the overall solution.
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Gary

So now... that's

Today is the 22nd of April... that's it
thatfinished.

15
lost
just
it
indices
bit
now...we
up 'there a
with the
...
Carl

No... I took the...I brought the...when I was dividing It into five I
brought it back onto the line, "draw five sections on the line... 16

Gary

But you can just index It like the original.

Carl

Oh! I know what you mean. A, 13 and this is C, Isn't it?

Gary That's that now, that's it all finished!
Carl

17
That's us finished!

15 This is just the
system of allocation letters or numbers to the Important
indexed
ABCDE
drawing.
The
the
polygon
was
original
points on
- variou33
Gary
during
important
located
the
makes
construction.
points
were
other
reference to calling important points by an index early on the tape. Carl
rightly points out that it isn't strictly necessary to call a point anything.. 1 try
to impress on the students that there is a need for indices only if the drawing
becomes confusing - if one can follow the construction without indexing every
important point that's located, then indices may be omitted completely.

16 Carl
the
be
to
to
seems
referring
point G that Gary was talking about at
the beginning of the construction, when he was dividing a perpendicular from
B to AC into 5 equal parts-calling the point where the perpendiculat fell on
AC, G?
17 Yes
(a)
(b) of the
have
just
to
and
they
parts
correct
completed
solutions
question.
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a
Audio-recording
of Enda and Ken at work on an hyperbolic
Paraboloid Shell problem on Thursday 13/5/1999. Enda directs
Ken as they seek to complete the projections of the roof shell
including elements, before finding the curvature along a roof
diagonal.
Enda

Right, draw

tlic outline of the plan as it's

given.
Ken

O. K.. that's straightforward
enough - what
about these scale measurements? What's 12m

NITt4Z

to a scale of 1:200?
Enda

The short sides are Gomm tong and the longer
ones are twice that.
Woo,

Ken

Right - I've that done now, where do I go
,
from here?

Enda

Divide up the oliposite sides Into the same
number of parts - there are seven elements so
divide it into six parts.

Pit 6CbuQ
-2-

NOct.

at
ýý

ý'
Ken

Do I have to' do both sides like that?

Enda

No - it's symmetrical so you can just project
to
from
them
side. Then up to the
se
elevation.
That's

it - now

finish

off

C Glý+ý-

the elevation.
iU4ý. Gv {w t_1

Ken

Should I index these, I can never remember
supposed
how they're
to be joined.

Enda

Do if you like, but you don't need to really there's only live elements in the middle when
you take out the two outside ones and we
should be able to keep track of them.

Ken

O. K. so-have

I got it clone right?

Enda

Yes I think so! That's (fiat finished now we
have to do the curve from A to D.

Ken

Do I have 'to draw an end view or what?

Enda

I don't think you can do it on an end view (lie line is at an angle on the plan -try an

r
t} !.ulýb"j
Cý. kv

? 1&10%

re) c4,-OUC41
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auxiliary_
ie plan.

looking

at right

angles

to the

line

on

Ken

is this it - I'li have to mark some points for
the heights won't I?

Enda

Take the positions from where the elements

cut the line on the plan. Project them onto
the auxiliary and measure the heights from
the elevation.

Cp

Vom/

Ken

But I haven't got the heights marked in the
till
elevation?
CeM

Enda

Have you not? Just project them from the
be
it
has
in,
to
accurate,
up
careful
plan
otherwise you'll get bumps on the curve.
it - now take the heights of those points
Yes
it
that's
them
the
auxiliary.
and mark
on
its
K.
I
O.
it's
but
think
bit
bumpy,
a
That's
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Audio-recording
of Gary and Olive discussing the solution of a
Roof Geometry Question on Tuesday, 18/5/1999. The extract below
refers to a dilierdal angle in ireverse construction - i. e. the dihedral
angle between two roof surfaces is, given and the students are
trying to find the outline plan of the roof. Oliver draws as Gary
directs hiºn.

Cary

O. K. - you can draw the bottom part of the wall
hip
the
the
the
position
of
plan and mark
plate on
that's right: Now draw the elevation of
rafter-yes
the hip as well.

Oliver

What about (lie next hip, between the next two
surfaces?

Gary

It's all right for the moment, we're only dealing with
the two we have the dihedral angle for.

S,4t4u
Oliver
Gary

P(i46

U(.v ...

ClitNý

ell,
but

We have to use the traditional construction here-

rajej

well maybe you can use auxiliary views as well we'll stick to the traditional method.

I tGAý'^'"
ýýýýýj'"'

Draw the line at right angles to the plan of the hip.
O. K. now find' it's true length. eQ
p0464
Will

I do'it

on the plan or drab

an auxiliary

view.

Draw it on the flan, we're using the traditional
it.
height
it-take
That's
the
and
rebat
construction.
O. K. now mark the point on the wall p atclwe have.

Oliver

Back where the line at right angles to the hip cuts
it is it?

Gary

Yes. All right - mark a line from where that cuts the
hip at right angles to the true length of the hip and
Now you can draw on side of the
rebatit down..
dihedral angle fron the point on the hip back to
the point on the wall plate.

Oliver

I've that done now how do I get the other half?

f: arv

Just get your
the point on
cuts the line
on (lie other

I.

'N rrt tP

protractor and mark off the angle with
that line
the hip as the vertex-where
is
hip
the
the point
to
at right angles
wall plate we need.

tl

t,

4
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