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INTRODUCTION

Much of the impetus for research into teaching in higher
education has been a search for knowledge which may result in
an improvement of teaching.  Reviews (Dunkin, 1983, 1986)
suggest that this research has principally been concerned with
the strategies adopted by teachers (for example styles of
lecturing (Brown, et al, 1982)) and the methods employed in
the teaching (such as computer assisted learning or
individualised instruction) with little or no focus on the
underlying intentions or motives of the teachers. 

Publications based on this research and intended to help in
improving teaching (for example Kozma, Belle and Williams,
1978) tend also to concentrate on improving strategies or on
increasing an awareness of strategies (e.g. the use of a
variety of teaching methods) again with little or no focus on
the underlying intentions of teaching using such strategies.

The intentions behind the teaching strategies or the
conceptions of teaching and learning adopted by university
lecturers would appear to be important, but they are often not
addressed and are infrequently studied (Biggs, 1989). 
Research in student learning suggests that attempts to teach
students better learning strategies in the hope of improving
the learning outcome may not be sufficient.  The students'
intentions underlying their strategies and their conceptions
of learning may also need to be addressed.  Similarly,
lecturers' intentions and conceptions of teaching and learning
need to be studied before substantial improvements in
approaches to teaching can be expected.

Most of the research on teaching in higher education reviewed
in the two articles by Dunkin has been conducted from within
what has been termed a "first-order" perspective.  The
emphasis is on describing various aspects of the reality of
teaching and learning situations from the perspective of an
independent observer or researcher. 



To investigate  intentions and conceptions of teaching held by
the teachers themselves, requires research conducted from a
"second order" perspective.  Research from this perspective -
in which the focus is on describing the experience of teaching
and learning from the perspectives of the participants - is
relatively common in studies of primary and secondary school
teaching (see for example Clark and Peterson, 1986) but
relatively rare within the higher education sector.  

Using a second order perspective, Fox (1983) asked British
Polytechnic teachers "what do you mean by teaching?'. From the
analysis of the responses he identified four basic 'theories
of teaching':

       Transfer theory - which treats knowledge as a commodity 
                     to be transfered from one vessel to another
       Shaping Theory - which treats teaching as a process of 
                     shaping or moulding students to a predetermined
                     pattern
       Travelling Theory - which treats a subject as a terrain 
              to be explored with hills to be climbed for
              better view points with the teacher as the
              travelling companion or expert guide
       Growing Theory - which focuses more attention on the
              intellectual and emotional development of the
              learner

These theories were derived from the teachers' perspective,
but were constructed by Fox.  Martin (1990) went one step
further and involved the teachers in the analysis of the data. 
In a tertiary teaching and learning course for university
lecturers, she interviewed the teachers (who were students) on
their views of teaching, and as part of the teaching process
asked those teachers to classify the collective set of
responses.  Together they arrived at three qualitatively
different ways in which teaching was perceived by the group:  

       Teaching as presenting and delivering content
       Teaching as managing student learning
       Teaching as a relational activity between the student and
                     the teacher

A second order approach which is different to those used in
the above studies has recently been developed (Marton, 1981,
1988). This approach is known as phenomenography and is
described by Marton (1988) as 'a research specialisation to
study the different understandings or conceptions of phenomena
in the world around us'.  The conceptions are relational in
that the way someone understands something is a relation
between the someone and the something. The intent of a



phenomenographic analysis is to depict the 'thinkers'
understanding of that which is thought about' (Johansson et
al. 1985).   

Using this phenomenographic methodology, Dall'Alba (1990)
studied, and foreshadowed seven qualitatively different
conceptions of teaching in higher education: 

       Teaching as presenting information
       Teaching as transmitting information
       Teaching as illustrating the application of theory to
              practice
       Teaching as developing concepts/principles and their
              interrelations
       Teaching as developing the capacity to be expert
       Teaching as exploring ways of understanding from
              particular perspectives
       Teaching as bringing about conceptual change
 
Each of these studies offer only preliminary results on
university teachers' conceptions of teaching.  None have
looked at how teachers approach their teaching in terms of
their intentions and strategies.  Nor have they systematically
looked at the teachers' conceptions of learning in the courses
they are teaching.

The phenomenographic research reported in this paper was
concerned with the experiences of teachers of first year
university physical science: their approaches to teaching and
their conceptions of teaching and learning. It differs from
previous studies of approaches in attempting to identify the
intentions behind the strategies described by the teacher.  It
aims to extend the previous work in conceptions of teaching by
studying the relationship between conceptions of teaching and
learning and approach to teaching.  

METHOD

From the phenomenographic perspective, conceptions and
approaches are not hypothesised to reside within individuals,
but are relations between individuals and a particular task
and context. Consequently, they are not stable entities within
cognitive structures but are dynamic and depend on the
particular context and task in which they are being studied.
At the same time though, it is assumed that there are only a
small number of conceptions and approaches about particular
phenomena, and these can be identified and described (Marton,
1981). 



Thus this particular approach to research means that
conceptions and approaches need to be identified and described
within particular contexts, in terms of particular tasks and
from the perspective of the teacher or learner within that
context engaged in a particular task. For example, a teacher
is likely to adopt one approach and have a particular
conception of learning when teaching a post-graduate class and
a different approach and conception when teaching a first year
undergraduate class, even though the range of conceptions and
approaches may be limited. Similarly, teachers in different
disciplines are likely to have different conceptions and
approaches.  This study has concentrated on the conceptions
and approaches of first year physical science teachers in two
Australian Universities.

The interviews were conducted with six teachers in each of the
chemistry and physics departments of the two universities; 24
in all. Their teaching covered service courses to engineers,
life scientists, nurses and dentists as well as courses for
chemists and physicists.  They held positions from lecturers
to professors, they all conducted lectures as part of their
teaching and most were involved in tutorials and/or laboratory
teaching.

Each interview, which was loosely constructed around the three
topic areas (conceptions of teaching and learning and
approaches to teaching) was audio-taped, transcribed verbatim
and analysed phenomenographically.  This analysis has been
described by Dahlgren (1984) as involving:

       The reduction of unimportant dissimilarities, e.g.
       terminology or other superficial characteristics, and the
       integration and generalisation of important similarities,
       i.e. a specialisation of the core elements which make up
       the content and structure of a given category (p24).

In the early stages of the analysis, six transcripts were
studied by all three researchers to develop initial ideas of
the potential conceptualisations of learning and teaching and
of approaches to teaching.  In an iterative process which
eventually involved the analysis of all transcripts seen as a
whole and without regard to individual variation, two
researchers worked together on describing the qualitatively
different approaches to teaching then independently on
checking those categorisations against the individual
transcripts.  At the time of writing, this is the only area of
the three being studied to have reached this stage of
analysis, though the results from the preliminary analyses of
the other areas are also given in the following section.



RESULTS

Approaches to Teaching

Teachers' approaches to teaching in first year university
physics and chemistry courses have been constituted from an
analysis of their interview transcripts. The approaches have
been analysed in terms of the strategies they adopt for their
teaching and the intentions underlying the strategies.

The intentions underlying the strategies seem to involve
either the students constructing their own knowledge from the
material being studied,  or acquiring discipline based
knowledge, or receiving information transmitted by the
teacher. The strategies range from one in which the students
are the focus of the activities to one in which the teacher is
the focus. 

Each of the approaches is described briefly, and then analysed
in terms of their underlying intentions and strategies.  

A: A Teacher-focused strategy with the intention of
transmitting information to students

This approach is one in which the teacher adopts a
teacher-focussed strategy, with the intention of transmitting
to the students information about the discipline. In this
transmission, the focus is on facts and skills, but not on the
relationships between them. The prior knowledge of students is
not considered to be important and it is assumed that students
do not need to be active in the teaching-learning process. 

B: A teacher-focused strategy with the intention that students
acquire the concepts of the discipline

This approach is one in which the teacher adopts a
teacher-focussed strategy, with the intention of helping their
students acquire the concepts of the discipline and the
relationships between them. They assume however, that their
students can gain these concepts by their telling their
students about the concepts and their relationships.  Like
Approach A they do not seem to assume that their students need
to be active for the teaching-learning process to be
successful. 

C: A teacher/student interaction strategy with the intention
that students acquire the concepts of the discipline

This approach is one in which the teachers adopt a



student-teacher interaction strategy to help their students
acquire the discipline based concepts and the relationships
between them. Like Approaches A and B, students are not seen
to construct their own knowledge, but unlike Approaches A and
B they are seen to gain this disciplinary knowledge through
actively engaging in the teaching-learning process. 

D: A student-focused strategy aimed at students developing
their conceptions

This approach is one in which the teachers adopt a
student-focussed strategy to help students further develop the
world view or conception they already hold. A student-focussed
strategy is assumed to be necessary because it is the students
who have to construct their knowledge in order to change their
conceptions.

E: A student-focused strategy aimed at students changing their
conceptions

This approach is one in which teachers adopt a
student-focussed strategy to help their students change their
world views or conceptions of the phenomena they are studying.
Like Approach D, students are seen to have to construct their
own knowledge, and so the teacher has to focus on what the
students are doing in the teaching-learning situation.  A
student-focussed strategy is assumed to be necessary because
it is the students who have to re-construct their knowledge to
produce a new world view or conception. The teacher
understands that he/she cannot transmit a new world view  or
conception to the students.

These approaches are explained further by focussing in turn on
the intentions and the strategies underlying the approaches. 

Table 1: Approaches to Teaching
______________________________________________________________

   INTENTION                                            STRATEGY
______________________________________________________________

                                   Teacher-             Student/             
Student
                                   focussed             Teacher           
focussed
                                                        Interaction
______________________________________________________________
Information transmission                  A             



Concept acquisition                       B                    C

Conceptual development                                                          
D
       
Conceptual change                                                               
E
______________________________________________________________

Intentions

Conceptual Change Intention: is one in which the teacher's aim
is that students confront and qualitatively change  their
world view or conception of the phenomena they are studying.
In so doing, the teacher does not assume that the students'
world view is consistent with the discipline they are
studying, and so need to re-construct  their world view or 
conception.

Conceptual development intention: is one in which the teacher
aims to help the students develop further their  knowledge
within a world view, assuming that the students' world view is
consistent with that of the discipline. Consistent with the
previous intention, students are seen to construct their own
knowledge, but in this case, no substantial re-construction is
required.

Concept acquisition intention: is one in which the teacher's
aim is to help students acquire the concepts of the discipline
and their underlying relationships. In this case, however, the
students are not expected to construct their own knowledge,
but to gain knowledge based on that of the discipline.

Information transmission intention: is one in which the
teacher aims to transmit, and students to receive, information
about the discipline. Students are expected to add the
information to their present store of knowledge. There is
little or no focus on relationships between pieces of
information. Like the concept acquisition intention, students
do not construct their own knowledge, but unlike that
intention, information is presented as unrelated components.

Strategies
 
Student focussed: is one in which the teacher believes what
the student does, and not what the teacher does, determines
what the student learns. The teacher structures teaching and
learning situations in which the students are encouraged to
accept responsibility for their own learning. For example,



detailed lecture notes are not supplied to students  -  but
students are encouraged to develop their own notes, leaderless
small groups and "buzz" groups are used  to encourage students
to interact with one another.

Student/teacher interaction: is one in which the teacher 
believes the students need to be active in their learning, and
so engages in an interaction with the students. But in this
strategy the teacher maintains responsibility for the
teaching-learning situation. This strategy differs from the
student focussed strategy in that the teacher is at the centre
of the teaching-learning situation. For example, the teacher
asks, and encourages students to ask, questions, which are in
the main answered by the teacher. 

Teacher focussed: is one in which the teacher engages in
little or no interaction with the students, and in which the
students have little or no responsibility for the
teaching-learning situation. This strategy differs from the
student/teacher interaction strategy in that, if questions are
asked of or by the students, the teachers may answer the
specific question but make little or no adjustment to his/her
pre-planned strategy.

Conceptions of Teaching

Teachers conceptions of teaching in first year university
physics and chemistry courses have also been constituted from
an analysis of interview transcripts. The conceptions have
been analysed in terms of what the teacher focussed on (the
referential aspect) and how  the explanation was given (the
structural aspect). 

The focus of the teaching tended to be either on the students'
conceptions, the teachers' conceptions or on the concepts as
defined in the syllabus or textbook. That is, the teachers,
when describing what teaching is about in their course, focus
on either the students' knowledge, their own knowledge, or the
knowledge as described in the syllabus or the text.

In discussing teaching, teachers talk about helping students
change or develop their conceptions, acquire new concepts, or
they talk in terms of transmitting information to their
students. 

Each of the conceptions of teaching are described briefly and
then analysed in terms of their structural and referential
aspects.



Conception A: Teaching as transmitting concepts of the
syllabus 

Teachers holding this conception focus on the concepts
detailed in the syllabus or textbook, but see their role as
transmitting information based upon those concepts to their
students.  The focus is not on how the components of the
information are related to each other, or on students' prior
knowledge.

Conception B: Teaching as transmitting the teachers' knowledge

With this conception of teaching, teachers again focus on
their own conceptions, but see their role as transmitting
information based upon those conceptions to their students.
Again the focus is not on how the components of information
are related or on students' prior knowledge.

Conception C: Teaching as helping students acquire concepts of
the syllabus

With this conception of teaching, teachers focus on the
concepts as detailed in the textbook or the syllabus, and see
themselves as helping their students acquire those concepts
and relations between them. Unlike conceptions A and B
students' prior knowledge is seen as being important.

Conception D: Teaching as helping students acquire teacher'
knowledge 

Teachers holding this conception, rather than focussing on
their students conceptions of the subject matter, focus on
their own conceptions. They see their role as helping their
students acquire subject matter concepts and relations based
upon the teachers' conceptions. 

Conception E: Teaching as helping students develop conceptions

Teachers holding this conception of teaching focus on their
students' world views or conceptions of the subject matter
rather than their own conceptions or the texts' concepts. 
They see their role as helping them develop their conceptions
in terms of further elaboration and extension. 

Conception F: Teaching as helping students change conceptions

Teachers holding this conception of teaching again focus on
their students' world views or conceptions of the subject
matter rather than their own conceptions or the texts'
concepts. They see teaching as helping students change their



conceptions or world views.

These conceptions are explained further by focussing in turn
on their referential and structural components.

Table 2: Conceptions of Teaching
______________________________________________________________
   STRUCTURAL                                    REFERENTIAL
                    ____________________________________________
                            Syllabus/text          Teachers'     Students'
                            Concepts            Conceptions           
Conceptions
______________________________________________________________
Teacher transmitting
       Information                 A                    B      
Teacher helping 
students:
       Acquire
       Concepts                    C                    D             

       Develop
       Conceptions                                                           
E

       Change
       Conceptions                                                           
F

______________________________________________________________

Referential

Students' Conceptions: The focus of the teaching is on the
students' conceptions. Students are seen to construct their
own knowledge, and so teachers need to focus their teaching on
this rather than the discipline based knowledge in the form of
teachers' conceptions or the concepts detailed in the syllabus
or textbook.

Teachers' Conceptions: The focus of the teaching is on the
teachers' own conceptions. These are seen to represent  the
"correct" discipline concepts, and so students should be
developing towards these conceptions.

Syllabus/textbook Concepts: The focus of the teaching is on
the concepts as detailed in the syllabus or textbook. The
syllabus or the textbook is seen to represent the "correct"
disciplinary knowledge, and is what should be covered and what
the students should be learning.



Structural

Teacher helping Students to Change Conceptions: Teaching
involves helping students confront and change their world view
or conception of the phenomena being taught. Teachers cannot
directly change students' world view or conception, but must
work with students to help them examine and reconstruct their
world views or conceptions.

Teachers helping Students Develop Conceptions: Teaching
involves helping students further develop their conceptions
with a world view. It involves helping them construct fuller, 
more elaborate  and systematic knowledge within a particular
world view. It does not involve helping students to
substantially reconstruct their world view or conception.

Teachers helping Students Acquire Concepts: Teaching involves
helping students acquire the concepts of the discipline and
the relationships between them. It does not involve helping
students to construct their own meaning, but acquiring the
meaning of the discipline. 

Teacher Transmitting Information: Teaching involves
transmitting to the students information about the discipline.
This transmission does not involve relationships between parts
of the information or of how the information relates to
students' prior knowledge. Helping students develop meaning is
not seen as an aspect of teaching.    

Conceptions of Learning

Teachers' conceptions of learning in their first year physics
or chemistry courses have been constituted through analysing
from the transcripts what the teacher focuses on (the
referential aspect) and how the explanation is given (the
structural aspect).  

The focus of the learning tended to be on either the knowledge
of the subject matter being learned or on the application of
the knowledge (learning is the ability to apply the
knowledge).  The knowledge of the subject matter was seen as
being either the students' construction of the knowledge
(students' conceptions) or the structure of knowledge in the
discipline (discipline concepts).  Application was divided
into application to problems (new, unseen or transfer
problems) and to exercises (seen or familiar problems).  



Explanations (or the structural aspect) were given in terms of
learning as involving the development of meaning or an
increase in information.  Meaning was seen as being developed
through either conceptual change, conceptual development or
concept acquisition.  

These components are discussed more fully following the
descriptions of the conceptions. 

Conception A:  Learning as Applying Information to Exercise
Solving  

Teachers focus on the visible outcomes of learning (rather
than on the nature of the knowledge learned) and see learning
as being the ability of the student to use information to help
them solve exercises of the type introduced in the course. 
While the focus is on application, some teachers in this group
see the knowledge used by students to solve exercises as being
learned through an accumulation of facts, principles, laws,
definitions, strategies, formulas and skills which are added
to (but not necessarily connected with) or replace existing
knowledge through processes such as memorising and practise.

Conception B:  Learning as Applying Information to Problem
Solving  

Teachers with this conception see learning as the ability of
the student to use information to help them solve problems
which they have not seen before or that cannot be solved by
routine algorithmic processes.  As with Conception A, some of
these teachers' view the accumulation of information as
occurring in the manner described in conception A.

Conception C: Learning as Accumulating more Discipline-based
Information

Teachers with this conception focus on the knowledge and see
learning as involving an accumulation of facts, principles,
laws, definitions, strategies, formulas and skills which are
added to or replace existing knowledge through processes such
as memorising and practise.  The focus is on the information
rather than on how the new information is related to existing
knowledge.  This does not mean that teachers do not see and
use links to the real world, rather that the links to the
world are the teachers, not the students, which may mean the
links are not relevant to the students.  There is recognition,
in some cases, that components of the information are related,
but there is no focus on how they are related. Increasing
knowledge is, in some cases, seen as a passive process in



which information is absorbed.  The new knowledge is seen as
discipline or objective knowledge.  There is a correct way to
see that knowledge and lecturers and textbooks are sources of
that knowledge.  The difference between this and the previous
conceptions is that the focus in this case is on the knowledge
itself, not on the application.  

Conception D: Learning as Applying Acquired Concepts to
Problem Solving 

Teachers with this conception, as in Conception B, see
learning as the ability of the student to use their knowledge
to help them solve problems which they have not seen before or
that cannot be solved by routine algorithmic processes.  The
difference between this and previous conceptions is in the
development of that knowledge.  Learning is seen to involve a
process of developing meaning by acquiring the concepts of the
discipline and knowledge of how those concepts are related. 
The meaning developed is, as in the previous cases, still seen
as being based on the knowledge of the discipline.  There is
an acceptance that prior knowledge and experience are
important in learning and that "correct"  understanding of
concepts can be acquired by attempting to link new information
with prior knowledge or attempting to illustrate meaning
through relating new information to students' experiences. 
Concept acquisition involves an adding on to, an extension of,
or an elaboration of that prior knowledge in the direction of
the knowledge of the discipline.  Like Conceptions A and B the
focus of learning is on an observable outcome of learning.  

Conception E:  Learning as Concept Acquisition

Teachers with this conception see learning in the way
described in the previous conception.  It involves a process
of developing meaning by acquiring the concepts of the
discipline and the relationships between them.  The meaning
developed is, as in the previous cases, seen as being based on
the knowledge of the discipline.  The difference between this
and the previous conception is that the focus in this case is
on the knowledge itself, not on the application.

Conception F:  Learning as Conceptual Development  

Teachers with this conception see learning as involving a
process of developing meaning through the construction of a
fuller, more elaborate and systematic knowledge of phenomena
within a world view.  The learner comes to see things in their
own way through construction of their own meaning rather than
according to the discipline or objective knowledge.  It is the
recognition that the students' construction of knowledge may



not be the same as that held by the teacher or the objective
knowledge of the discipline that differentiates this
conception from conceptions A-E.

Conception G:  Learning as Conceptual Change 

Teachers see learning as the development of meaning through a
paradigm shift in the students' world view of phenomena in the
discipline.  Students change the way they think about the
discipline by reconstructing their current world view to
produce a new world view.  Conceptual change therefore differs
from conceptual development in involving adoption of a new
world view rather than the development of meaning within a
world view.

These conceptions are explained further by focussing in turn
on their referential and structural components.

Table 3: Conceptions of Learning
______________________________________________________________ 
 STRUCTURAL                               REFERENTIAL
                     
              _______________________________________________
                            Application of                      Knowledge 
of        
                              Knowledge                        Subject 
Matter
                     _______________________            
______________________
                  Exercises    Problems                 Discipline   
Students'
                                                        Concepts       
Conceptions
______________________________________________________________
Acquire more:
       Information          A               B                  C
Developing Meaning 
through:
       Concept 
       Acquisition                          D                  E

       Conceptual 
       Development                                                           
F

       Conceptual 
       Change                                                                
G
______________________________________________________________



Referential Component

Knowledge in the form of Students' Conceptions:  The focus of
the learning is knowledge.  The information in the area under
study is thought to be seen by the students in unique and
different ways.  Students construct their own knowledge
according to their own conceptions.  Those conceptions may
differ from those held by the teacher or other discipline
"experts".

Knowledge in the form of Discipline Concepts:  The focus of
the learning is knowledge.  There is one structure for
scientific knowledge.  Teachers and fellow "experts" have
developed that structure, good students are developing towards
that structure, students who have trouble are doing so because
they do not understand that structure, and students who get
parts of that structure wrong hold misconceptions.

Application of Knowledge to Problems:  The focus of the
learning is application.  Learning is the ability of the
student to use their knowledge to help them solve problems
which they have not seen before or that cannot be solved by
routine algorithmic processes.  Students who can solve these
problems are seen as having an understanding of the "real
world".  Knowledge can be in either of the two forms described
above, but the focus is on the outcome of learning, that is
the application of knowledge.

Application of Knowledge to Exercises:   The focus of the
learning is application. Learning is the ability of the
student to use their knowledge to help them solve exercises of
the type they have been introduced to as part of the learning
process.  Again, knowledge can be in either of the two forms
described above, but the focus of the learning is on the
application.

Structural Component

Acquire more Information:  Involves an accumulation of facts,
principles, laws, definitions, strategies, formulas and skills
which are added to or replace existing knowledge through
processes such as memorising and practise.  The focus is on
the information rather than on how the new information is
related to existing knowledge and this constitutes the major
difference between this case and the other three cases.  This
does not mean that teachers do not see and use links to the
real world, rather that the links to the world are the
teachers, not the students, which may mean the links are not



relevant to the students.  There is recognition, in some
cases, that components of the information are related, but
there is no focus on how they are related. Increasing
knowledge is, in some cases, seen as a passive process in
which information is absorbed.  The new knowledge is seen as
discipline or objective knowledge.  There is a correct way to
see that knowledge and lecturers and textbooks are sources of
that knowledge.  

Develop Meaning through Concept Acquisition:  Involves a
process of developing meaning by acquiring the concepts of the
discipline and knowledge of how they are related.  The meaning
developed in this case, as in the previous case, is seen as
being based on the knowledge of the discipline.  There is an
acceptance that prior knowledge and experience is important in
learning and that "correct" understanding of concepts can be
acquired by attempting to link new information with prior
knowledge or attempting to illustrate meaning through relating
new knowledge to students' experiences.  Concept acquisition
involves an adding on to, an extension of or an elaboration of
that prior knowledge in the direction of the knowledge of the
discipline.

Develop Meaning through Conceptual Development:  Involves a
process of developing meaning through the construction of a
fuller, more elaborate and systematic knowledge of phenomena
within a world view.  It differs from the previous cases in
that the learner comes to see things in their own way through
construction of their own meaning rather than according to the
discipline or objective knowledge.  [Conceptual development as
described here is akin to the phenomenographic term conceptual
change.  It involves changes between qualitatively different
conceptions.]

Develop Meaning through Conceptual Change:  Involves a
paradigm shift in the students' world view of phenomena in the
discipline.  Students change the way they think about the
discipline by reconstructing their current world view to
produce a new world view.  While this description of
conceptual change is consistent with the use of the term in
science education research, it applies to only special cases
of the phenomenographic use of conceptual change, for example,
changes from pre-Newtonian to Newtonian conceptions of
Physics.  Conceptual change therefore differs from conceptual
development in involving adoption of a new world view rather
than the development of meaning within a world view.

DISCUSSION



In this study, so far, we have identified conceptions of
teaching and learning held by first year university science
teachers and the approaches to teaching adopted by them.
Underlying the conceptions and approaches seems to be views of
teaching and learning which focus on the transmission of
information from the teacher to the student, the acquiring of
concepts and skills by the students or the construction of
knowledge by students. The conceptions have been further
analysed in terms of their structure and meaning and the
approaches in terms of their intentions and strategies.

In terms of the approaches, the results suggest that these
teachers used strategies which were, on the whole, consistent
with their intentions. The intention to transmit information
had a related strategy which was teacher focussed, while an
intention to get students to confront and change their
conceptions of the subject matter had a related student
focussed teaching strategy. This suggests that teaching new
strategies, without addressing the teachers underlying
intentions, may well result in teachers not using the
strategies. While we have not completed an analysis of the
relationships between the approaches and conceptions, our
impression is that there are close relationships between the
approach and conceptions, and that those teachers with a
transmission approach, for example, have a conception of
learning as applying information to exercises and problems. If
so, then before approaches to teaching can be addressed, the
teachers conceptions of learning in their courses may also
need to be addressed.

In the next stage of the project, our intention is to develop
a less resource intensive way of identifying teachers'
conceptions and approaches - using structured interviews or a
questionnaire - and then to look at the relationship between
the teachers conceptions and approaches and their students. 
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       Glossary of terms used in describing first year
       university physical science teachers' experiences of
       teaching and learning

The glossary is hierarchical.  Terms further down the list
subsume the characteristics of those terms above them unless
specific differences are stated.

An Increase in (amount of) Information:  Involves an
accumulation of facts, principles, laws, definitions,
strategies, formulas and skills which are added to or replace
existing knowledge through processes such as memorising and
practise.  The focus is on the information rather than on how
the new information is related to existing knowledge and this
constitutes the major difference between this case and the
other three cases.  This does not mean that teachers do not
see and use links to the real world, rather that the links to



the world are the teachers, not the students, which may mean
the links are not relevant to the students.  There is
recognition, in some cases, that components of the information
are related, but there is no focus on how they are related.
Increasing knowledge is, in some cases, seen as a passive
process in which information is absorbed.  The new knowledge
is seen as discipline or objective knowledge.  There is a
correct way to see that knowledge and lecturers and textbooks
are sources of that knowledge.  

Concept Acquisition:  Involves a process of developing meaning
by acquiring the concepts of the discipline and knowledge of
how they are related.  The meaning developed in this case, as
in the previous case, is seen as being based on the knowledge
of the discipline.  There is an acceptance that prior
knowledge and experience is important in learning and that
"correct" understanding of concepts can be acquired by
attempting to link new information with prior knowledge or
attempting to illustrate meaning through relating new
knowledge to students' experiences.  Concept acquisition
involves an adding on to, an extension of or an elaboration of
that prior knowledge in the direction of the knowledge of the
discipline.

Conceptual Development:  Involves a process of developing
meaning through the construction of a fuller, more elaborate
and systematic knowledge of phenomena within a world view.  It
differs from the previous cases in that the learner comes to
see things in their own way through construction of their own
meaning rather than according to the discipline or objective
knowledge.  [Conceptual development as described here is akin
to the phenomenographic term conceptual change.  It involves
changes between qualitatively different conceptions.]

Conceptual Change:  Involves a paradigm shift in the students'
world view of phenomena in the discipline.  Students change
the way they think about the discipline by reconstructing
their current world view to produce a new world view.  While
this description of conceptual change is consistent with the
use of the term in science education research, it applies to
only special cases of the phenomenographic use of conceptual
change, for example, changes from pre-Newtonian to Newtonian
conceptions of Physics.  Conceptual change therefore differs
from conceptual development in involving adoption of a new
world view rather than the development of meaning within a
world view.


