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Abstract

This thesis is an investigation of undergraduate physics students’ descrip-
tions of their learning experiences with respect to the lectures they attend.
The work examines three connected areas; the effects of the language of
instruction on learning in Swedish university physics lectures, students’
experience of the equations presented to them in physics lectures and the
way in which learning in university science may be characterized as entering
a disciplinary discourse.

Twenty-two undergraduate physics students at two Swedish universities
attended lectures in both English and Swedish as part of their regular under-
graduate programme. These lectures were videotaped and students were then
interviewed about their learning experiences using selected excerpts of the
video in a process of stimulated recall.

From a language perspective, it was found that there were important dif-
ferences when Swedish students are taught physics in English and that stu-
dents were on the whole unaware of the significance these differences for
their learning. When taught in English the students asked and answered
fewer questions and reported being less able to follow the lecture and take
notes at the same time. Students employed a number of strategies to meet
these problems by; asking questions after the lecture, changing their study
habits so that they no longer took notes in class, reading sections of work
before class or by using the lecture for mechanical note taking and then (per-
haps) doing extra work with the notes outside class.

The study also maps out the variation in students’ experience of the
meaning of physics equations, making a number of observations about the
students’ focus of attention. The main finding here is that students initially
focus on the mathematical nature of the equation—the physics and real
world meaning is absent. A set of pedagogical ‘context questions’ which
may help both lecturers and students to focus on appropriate components of
a given physics equation are suggested.

Finally, the thesis combines the work in the area of language and the un-
derstanding of equations by characterizing student learning in university
science from the perspective of entering a disciplinary discourse. An ana-
lytical framework for the analysis of such discourse is presented and applied
to the interview data. Pedagogical implications of this approach are dis-
cussed.



To my family



Preface

The work presented in this thesis sprang from a chance encounter with a job
advertisement in 2001. The Swedish National Research School for Science
and Engineering Education was in the process of being started and they were
advertising for PhD students. I wondered what it would be like to do a PhD
in Sweden, and I toyed with the idea of applying—though not too seriously
it must be said. Applicants had been invited to put forward a research pro-
posal. I found myself wondering what sorts of things they would be inter-
ested in that I actually knew anything about. Although trained as a physics
teacher I had been teaching English for Specific Purposes for ten years,
mostly at university level, so I reasoned that if [ were to apply it would have
to be something to do with the language aspect of learning university phys-
ics.

The courses I teach at the University of Kalmar are language courses. My
students need to develop an ability to use English to describe and explain
concepts that they have already learnt. Thus, I was used to teaching English
skills through a subject that students were familiar with. But what if I turned
this on its head? What if I looked at learning the subject through the lan-
guage? The seeds of a research project had been sown.

My encounters with Swedish students during one-to-one tutorials had
convinced me that, for some of them at least, learning their subject in Eng-
lish would present serious problems. These problems I predicted would stem
from a surface appreciation of the material presented to them. I hypothesized
that listening to lectures in English would present the greatest challenge.
With English texts, students could stop, look up a word and then continue,
but a lecture just goes on and on—unless of course someone is brave enough
to ask a question that is... Little did I know that this off-the-cuff analysis
would be just the tip of the iceberg.

In the end I didn’t apply for that job—after all I wasn’t seriously consid-
ering doing a PhD. Or was 1? The idea persisted and gradually matured, and
here in your hand you have a direct product of that day-dreaming episode
back in 2001.

John Airey
Kalmar
April, 2006
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Abbreviations

The following abbreviations are used in the text:

CLIL content and language integrated learning

EOL enacted object of learning

IOL intended object of learning

L1 first language

L2 second language

LOL lived object of learning

SPRINT sprak-och innehéllsintegrerad inldrning och undervisning
(the Swedish equivalent of CLIL)

SSL shared space of learning

PER physics education research



1. Introduction to the study

1.1. Introduction

This thesis is an investigation of undergraduate physics students’ descrip-
tions of their learning experiences with respect to the lectures they attend.
The students in this study attended lectures in Swedish and English, and the
intention was to examine the effects of this dual language approach to phys-
ics learning. This research interest is the focus of papers I and II. A further
aspect of the lectures was the use of equations to represent physics knowl-
edge. This aspect is explored in paper Il which deals with students’ experi-
ence of the equations presented to them in physics lectures.

From this work grew an approach which is underpinned by an interna-
tionally emerging area of interest in all disciplines—the characterization of
learning as entering a discourse. Within this context, Swedish and English
can be viewed as aspects of a wider notion of disciplinary discourse which
encompasses the representations, tools, and activities of university physics.
This is the focus of paper IV.

1.2. The significance of the study

The work presented here makes research contributions in four specific areas:

e The understanding of the way in which the relationship between
teaching and learning of undergraduate physics change when the
language varies between Swedish and English.

e A contribution to the understanding of student experiences of phys-
ics equations.

e The development of an analytical framework for characterizing
learning as entering a discourse.

e An approach to dealing with the collection and analysis of large
amounts of interview data which bypasses verbatim transcription.
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1.2.1. Language of instruction

Swedish society has an impressive level of general English, with the country
consistently being rated at the top end in international surveys of language
skills (Falk, 2001a). Much higher levels of English language skill are com-
monplace in Swedish higher education, where the use of English is wide-
spread. In physics the majority of textbooks and a sizable proportion of the
teaching at higher levels takes place in English. Recently there has been
much discussion about the effects of the exposure to this amount of English.
Do students learn physics as well in a language other than their mother
tongue? Is there any educationally critical risk that students taught in English
are unable to function to their full potential when discussing physics in
Swedish? These are some of the questions presently being asked by a num-
ber of different stakeholders in Swedish higher education. At the same time,
the government is seen to be actively encouraging the use of English, em-
phasizing the positive benefits for Sweden in the competitive global market-
place, and as a response to the Bologna Declaration.

One of the reasons for the mixed signals in the higher education sector is
the lack of solid research in the area of language of instruction and learning.
A thorough literature review carried out for this thesis revealed no studies
carried out in Sweden into the content learning outcomes when teaching
courses in English at university level. There are, however, a number of
Swedish studies at pre-university level and several international studies at
university level which have examined the learning outcomes for students
taught in a language other than their first language. Such studies have at-
tempted to correlate the language used to teach a course with results on ex-
aminations or researcher implemented test results. A common factor for all
of these studies is an inability to control for the huge diversity of possible
variables, and results have therefore been widely regarded as inconclusive.

Thus, the work presented here goes some of the way to redressing this
gap in our knowledge by comparing the learning patterns of students in
Swedish university physics programmes when they are taught in English and
in Swedish. Instead of trying to measure learning through assessment for
different samples of students, the work presented here examines the experi-
ence of learning physics in English and in Swedish (by capturing both the
differences across learning experiences and the situatedness of the individual
learning experience). Thus instead of a “Which language is better?” ap-
proach, the focus of paper II of this study is on the ways in which the rela-
tionship between teaching and learning in one language differs from this
relationship in another language. As such the work gives guidance to teach-
ers of physics courses delivered in English in Sweden as to specific areas
which may be problematic.
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1.2.2. Equations

As a discipline, physics is concerned with describing the world by construct-
ing models—the end product of this modelling process often being a mathe-
matical representation, which in physics is colloquially referred to as an
equation. Despite their importance in the representation of physics knowl-
edge, physics equations have received surprisingly little attention in the lit-
erature. Whilst a great many studies explore the situated understanding of
specific equations and their use in problem solving, (see Hsu, Brewe, Foster,
& Harper, 2004) the general nature of physics equations and how they are
experienced by students remains to a large extent unexplored. One exception
is the work of Sherin (2001) who has examined students’ ability to construct
equations. Sherin explains his results in terms of symbolic forms—in es-
sence, a limited generic set of templates and elements for equations, which
he suggests students have learnt. In contrast, the work presented here ex-
plores students’ understanding of the equations presented to them in physics
lectures. As such it extends Sherin’s work by shifting the focus from produc-
tion—representing ones own knowledge in equations, to interpretation—
deciphering the disciplinary knowledge that the equation represents. Paper
IIT maps out the variation in students’ experience of the meaning of physics
equations, making a number of observations about the temporal develop-
ment. This knowledge is then used to suggest a set of pedagogical ‘context
questions’ which may help both lecturers and students to focus on appropri-
ate components of a given physics equation.

1.2.3. Disciplinary discourse

Analysis of the interview data collected led to the original focus moving
to include other representations than language, such as mathematics, graphs
and diagrams. This in turn led to the adoption of a discourse perspective on
learning. Paper IV presents an analytical framework for characterizing learn-
ing in university science as entering a disciplinary discourse. Disciplinary
discourse is defined as the complex of representations, tools and activities of
a discipline.

1.2.4. An innovative approach to working with interview data

The usual approach to work with interview data is to first transcribe the re-
cording verbatim. Data analysis then takes the form of working with this
transcript. In this study, however, all interviews were recorded digitally,
enabling direct access to their various sections. This, together with the struc-
ture generated by the stimulated recall approach, led to the following form of
data analysis. Each of the digital interview files were “cut” into sections
where students discussed similar themes. Each of these sections was given a
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filename consisting of the topic discussed, the student’s name and a five
digit identification code which was in fact the excerpt’s time stamp in the
original master recording. This facilitated cycling through the data since it
was possible to listen to several students talking about similar and related
themes, efficiently building up an overall picture of what students were say-
ing as individuals and as a group.

This approach of analysis had two benefits: first analysis could begin
within a few days of collecting the data, bypassing the lengthy process of
transcription, and second, more of the situatedness of the interview was
maintained—transcripts being generally acknowledged as one step further
away from the phenomenon under study than the audio recording. Maintain-
ing this situatedness was considered important since in the interviews we
were attempting, through stimulated recall, to vividly recapture for the stu-
dents the essentials of their experience of being in a specific lecture. Student
files could also easily be re-related to the whole of the interview due to the
timestamp identification code we used which led us directly to the correct
position in each master recording.

1.3. The research questions

As explained in the previous section, the work presented in this thesis origi-
nally stemmed from an interest in the two languages used to teach under-
graduate physics in Sweden—English and Swedish. How did this dual lan-
guage approach affect student learning? During the course of data collection
and analysis this focus changed, first to three “languages”; English, Swedish
and Mathematics and then to a more general question about the way in
which physics knowledge is represented by physics discourse. Thus, the
work reported here is part of a larger, ongoing project where the research
questions are:

e How may learning in university physics be characterized in terms
of entering a disciplinary discourse?

e How do students describe the way in which they learn to interpret
and use this disciplinary discourse?

A theoretical and empirical approach to these questions is presented in paper
IV of this thesis. In papers Il and III, two aspects of this disciplinary dis-
course are analyzed in detail in an attempt to answer the following two re-
search questions:

e How do Swedish undergraduate students experience being taught
physics in English?
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e How do Swedish undergraduate students experience the equations
presented to them in physics lectures?

1.4. Description of terms used in the study

The following is a list of terms used in the thesis with descriptions of the
way in which they have been used. In each description, all terms in italics
are further explained in the list.

activities

appresentation

bilingual education

constructivism

case study research

context questions

diglossia

discipline

disciplinary discourse

23

here, actions which are unique to a specific
discipline

mechanism by which aspects which are not
physically present in a given representation are
‘read into’ the representation. A necessary
condition for a representation to gain an ap-
propriate disciplinary meaning

education where two distinct languages are
used for general teaching

philosophy of learning based on the premise
that, by reflecting on our experiences, we con-
struct our own individual understanding of the
world

holistic inquiry that examines a contemporary
phenomenon in its natural setting.

questions asked in order to focus awareness on
a particular aspect of a system

situation where a society has two languages in
functional opposition—an everyday ‘low’ lan-
guage and a formal ‘high’ language

here, an accepted, separate institutional site in
society, with its own particular ways of know-
ing the world and a unique order of discourse

the complex of representations, tools and ac-
tivities of a discipline



discourse

Discourse

discourse imitation

discursive fluency

domain

domain loss

enacted object of learning

epistemology

experience

24

ways of referring to or constructing knowledge
about a particular topic of practice: a cluster of
ideas, images and practices, which provide
ways of talking about, forms of knowledge and
conduct associated with, a particular topic, so-
cial activity or institutional site in society

(with a capital ‘D’) an accepted association
among ways of using language, of thinking,
feeling, believing, valuing, and of acting that
can be used to identify oneself as a member of
a particular group

using discourse in line with the disciplinary
order of discourse but without experiencing the
associated disciplinary way of knowing

the ability to use a particular mode of discipli-
nary discourse in a legitimate way (that is in
line with the disciplinary order of discourse)
with respect to a certain disciplinary way of
knowing

a particular sector of society e.g. tertiary edu-
cation, the workplace, the judiciary, the home,
etc.

situation where certain societal domains be-
come dominated by a second language

what is actually taught as observed by the re-
searcher

student or teacher beliefs about what consti-
tutes knowledge and thus, by association, what
constitutes learning

used in the phenomenographic sense, i.e. how
we conceptualize, understand, perceive, appre-
hend etc, various phenomena in and aspects of
the world around us



facets

first language (L1)

immersion

intended object of learning

language of instruction

lived object of learning

mode

naturalistic generalization

order of discourse

purposeful repetition

repetition

25

the various attributes of a way of knowing
which are necessary for constituting the com-
plete experience of that way of knowing

the language a person learns first. Correspond-
ingly, the person is called a native speaker of
the language. Usually a child learns the basics
of their first language from their family

teaching where a second language is the sole
means of communication, the student’s first
language is never used

what the teacher intends to teach
the language used to teach a subject

here, students’ experience of the content of a
lecture

one among many forms of communication
used in a discipline. Examples from university
science are speech, writing, diagrams graphs,
equations, etc. A discipline often has a highly
developed, specific order of discourse for each
mode

in this form of generalization a description of a
situation resonates with a person’s experience
and tacit knowledge, allowing them to make
legitimate generalizations without necessarily
putting them into words

a structured set of conventions associated with
semiotic activity (including use of language) in
a given social space

studying the same material over a period of
time using a number of different approaches or
focuses with the intention of experiencing
variation

studying the same material in the same way
over an extended period of time



representation

second language (L2)

semiotic activity

semiotic sign

shared space of learning

stimulated recall

symbolic forms

tool

variation

way of knowing
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semiotic signs, objects that have been designed
to convey the ways of knowing of science

any language other than the first language (L1)
typically used for geographical, social, or po-
litical reasons

communication using semiotic signs

An entity consisting of a form fused with a
meaning (a signifier fused with a signified)

the common ground between teacher and stu-
dent with respect to the intended object of
learning

an interview method in which video clips of a
situation are used to allow the interviewee to
relate some of the feelings experienced in the
original situation

a limited, generic set of templates and elements
that students are thought to use to understand
equations

specialized, disciplinary specific, physical ob-
jects that members of a discipline draw on to
create disciplinary ways of knowing

theory which holds that aspects of a system are
only noticed when they vary. Thus variation
may be seen as a basic prerequisite for making
learning possible

the coherent system of concepts, ideas, theo-
ries, etc. that have been created to account for
observed phenomena in a discipline



1.5. Overview of the thesis

This chapter has presented the significance of the study, the research ques-
tions and descriptions of the specialist terms used in this thesis. Chapter 2
presents a literature review dealing with three specific areas; physics educa-
tional research, research into learning in a second language and research that
deals with learning in terms of entering a discourse. In chapter 3 the meth-
odology of the study is presented. Chapter 4 presents the results of the study
which are then discussed in chapter 5. Chapter 6 suggests topics for future
work, whilst chapter 7 gives a Swedish summary of the thesis. The interview
protocols used in the three sections of the study can be found in the appendi-
ces.
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2. Literature Review

2.1. Introduction

The aim of this chapter is to provide general background in order to situate
the work presented in the thesis and to give an overview of specific relevant
research. As described in the introduction, initially, the focus of this work
was the effects of the language of instruction on learning in Swedish univer-
sity physics courses. However, during data collection for the first pilot study
it became clear that language was not a fully representative unit of analysis
or description for university physics learning. Other representations such as
equations, graphs and diagrams were essential for a satisfying representation
of the rich interview data. This led to the initial language study being broad-
ened to focus on physics discourse. To this end the literature review has been
divided into three sections. First, a general overview of research in physics
education is given, this is followed by a presentation of relevant research
into learning in a second language. The final section deals with discourse as
a unit of analysis, presenting the necessary background for the notion of
disciplinary discourse which is the focus of paper IV. As such, the aim is to
prepare the way for the next chapter which describes the choice of method-
ology and outlines the analytical construct of disciplinary discourse.

2.2. Physics educational research
2.2.1. Introduction

This thesis is an example of physics education research (PER) in higher edu-
cation. This (relatively young) branch of educational research focuses on
obtaining a better understanding of the teaching and learning of physics, and
as such produces knowledge that is qualitatively different than the knowl-
edge created by traditional physics research (Aalst, 2000). In physics re-
search, accurate measurements lead to quantitative results. Often the larger
the sample the greater the accuracy. In PER we are more usually concerned
with qualitative results.

Physics has been traditionally viewed as a difficult subject to study, par-
ticularly at the university level. Recently there has been a great deal of con-
cern in the physics community about falling enrollment in physics courses,

28



the drop out rate, and the quality of the education given to undergraduates.
(American Association of Physics Teachers, 1996). This has led to a huge
amount of interest in improving the situation. A comprehensive bibliography
of work done in science education research shows approximately three times
as much work done in physics compared with the nearest subject (chemistry)
(Duit, 2004).

2.2.2. Situating this licentiate in PER

The early work in PER in higher education grew out of university physics
rather than science education. This work thus tended to be atheoretical and
to attempt to treat PER data as physics data. The main focus for many years
was on students’ difficulties with understanding parts of the introductory
curriculum. Here a great many papers were written, published and presented
at conferences (see Duit, 2004; McDermott & Redish, 1999 and; Thacker,
2003 for listings of PER in various areas). As an understanding of learning
problems related to the content of the curriculum grew so the focus of the
research work began to diversify and explore what teachers could do to help
students overcome many of the most persistent learning problems that the
PER had uncovered (an excellent overview can be found in Redish, 2003).
The situations being explored tended to be what is known as ‘service
courses’—introductory courses for students taken as a requirement for an-
other areas such as biology.

At this time in PER development the more general area of science educa-
tion was also becoming increasingly interested in the mismatch between the
ideas that students already held and brought with them into physics classes
and those of the discipline. These student ideas were given labels such as
pre-conceptions, misconceptions and alternate conceptions. In both commu-
nities there was a great deal of discussion on how to change or replace them
(for example, Clement, 1982; Driver & Erickson, 1983; Finegold & Gorsky,
1991; McCloskey, 1983). In university physics the student understanding
work also led to development of new teaching methods, focusing on the way
in which classroom components were put together (e.g. Crouch, Fagen, Cal-
lan, & Mazur, 2004; Crouch & Mazur, 2001; Laws, 1996; Meltzer & Mani-
vannan, 2002). The work also gave rise to a powerful model of learning for
both PER and science education in general — conceptual change (e.g.
Hewson, 1981; Hewson, 1982; Posner, Strike, Hewson, & Gertzog, 1982).

As theory started to take on more significance, new perspectives began to
underpin the work on student difficulties. This led to an awareness that there
were a range of other factors (e.g. beliefs about learning, and what science
is) that influenced learning. Much of this work had already started in science
education (e.g. Driver & Bell, 1986; Easley, 1982; Erickson, 1984; Fensham,
1984; Novak & Gowin, 1984; Osborne & Freyberg, 1985; Pope & Gilbert,
1983) and was later adopted by a growing number of PER studies. During
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this phase people like Smith, diSessa, & Roschelle (1993) began arguing,
from a constructivist platform, that it would be better to build on the re-
sources that students bring to physics lectures rather than expecting them to
unlearn what they already knew.

Theoretical growth in the higher education sector of PER was slow until
physicists who had turned to other areas such as ethnography, education, and
psychology, for example, diSessa (1993), Redish (1994) and Hammer
(1995), began to examine university learning using a constructivist philoso-
phy. This philosophy began to dominate education thinking at that time. At
this point conceptual framing based on metacognition (e.g. Linder & Mar-
shall, 1997) and on physics students’ attitudes to physics and learning and
their approaches to learning started to appear (for example the recent Colo-
rado Learning Attitudes about Science Survey, Adams et al., 2006; and the
Maryland Physics Expectations Survey, MPEX, Redish, Steinberg, & Saul,
1998). This licentiate work falls into this broader epistemological area of
PER growth with its exploration of students’ experiences of learning by
drawing on ideas embedded in the discipline’s way of knowing.

2.3. Learning in a second language

2.3.1. Language and physics knowledge

Even without the added complication of a second language, language prob-
lems in physics lectures may be particularly acute due to the experienced
complexity and abstractness inherent in learning a science such as physics.
As Ostman (1998) points out, scientific language is abstract and represents
special communicative traditions and assumptions. And, on a similar theme,
Saljo (2000) argues that difficulties in student learning are in fact difficulties
in handling and understanding highly specialized forms of communication
which are not found to any great extent in everyday situations. Moreover, it
has been claimed that language is much more than a simple representation of
disciplinary knowledge, it is actively engaged in bringing such knowledge
into being (Halliday & Martin, 1993). Learning a subject like physics there-
fore depends on learning the language in which the knowledge of the disci-
pline is construed (Lemke, 1990). Thus it can be argued that the relationship
between a student’s first language and physics learning is by no means
straightforward. But what about the effects on physics learning when stu-
dents are taught in a second language?

Halliday (1993) has shown how switching from one language to another
(English to Chinese) whilst totally changing the discourse of a science text,
has very little effect on the meaning that the text represents. Drawing on this
result, Airey and Linder (2005) have suggested that in university physics
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English and Swedish may be viewed as parallel—that is they can be seen as
offering similar possibilities for learning. Naturally this is not the same thing
as saying that students experience teaching in English and Swedish in the
same way, only that the inherent potential of say, oral English to represent
physics disciplinary knowledge would be similar to that of oral Swedish.

Some clues as to the way in which Swedish students may experience being
taught physics in English can be found in studies of bilingual education.

2.3.2. Background to teaching in a second language

Teaching some subjects in a student’s second language—bilingual education
as it is often termed—is carried out for a number of different practical and
political reasons throughout the world. In post-colonial countries bilingual
education has traditionally involved teaching the language of a minority
ruling class to a majority that has one or more indigenous or ‘home’ lan-
guages. In contrast, in the USA bilingual education has involved teaching the
majority language to immigrant minorities. Yet another aspect of bilingual
education can be seen in Canada for example, where some English-speaking
families are electing to have their children taught in the language of a minor-
ity (French). Research into this form of teaching has been carried out by
such diverse disciplines as education, linguistics, sociolinguistics, psycho-
linguistics, psychology, anthropology and sociology (Marsh, Hau, & Kong,
2000). In each situation different motivations and power relations lie behind
the provision of bilingual education, thus it is not surprising that what is
interpreted as a successful bilingual intervention is also very different from
project to project. Often the research done in bilingual education has focused
primarily on goals such as second-language development and cultural inte-
gration of students, the effects on the learning of subject matter which is
taught through a second language have therefore been treated as of secon-
dary importance.

2.3.3. The Swedish debate

Some of the reasons for using English as the language of instruction in
Swedish higher education have been listed by Airey (2003:47):

e In a number of disciplines, the publication of academic papers takes
place almost exclusively in English. Teaching in English is there-
fore seen as necessary in order to prepare students for an academic
career.

¢ In many disciplines the majority of textbooks used are written in
English and therefore the step to teaching in English may not be
seen as a large one.
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e The use of English develops the language skills and confidence of
Swedish lecturers and can be seen as promoting movement and ex-
change of ideas in the academic world.

e Using English as the language of instruction allows the use of visit-
ing researchers in undergraduate and postgraduate teaching.

e Teaching in English allows European Union and exchange students
to follow courses at Swedish universities.

e Swedish students can be prepared for their own studies abroad.

¢ A sound knowledge of English has become a strong asset in the job
market.

As pointed out in the previous section, the reasons for using a second lan-
guage to teach a university subject will, to a large extent, determine the way
in which the success of such teaching is judged. From Airey’s listing we can
see that a desire to internationalize Swedish universities is the main motiva-
tion for teaching in English. This analysis is supported by a number of
statements by major stakeholders in Swedish higher education.

In 2001 the Swedish government published the white paper, Den Oppna
hogskolan, detailing its intentions for the university sector. Here, the follow-
ing statement was made regarding teaching in English at Swedish universi-
ties:

Swedish universities and university colleges have at present a significant
number of courses and degree programmes where the language of instruction
is English. Sweden is at the forefront in this area compared to other EU coun-
tries. In recent years the range of courses and degree programmes offered in
English has increased dramatically. A questionnaire administered by this
commission shows the demand for teaching through the medium of English
is steadily growing and that the choice of courses of this type seems likely to
increase in the future. The government sees this as both a proper and positive
development. Utbildningsdepartementet (2001:15) (translation JA)

The majority of Swedish higher education establishments are now in the
process of creating new courses—and in many cases whole programmes—
taught exclusively in English as a response to the Bologna declaration for
harmonizing European higher education. The thinking behind this declara-
tion is that European students should be able to move freely throughout
Europe reading courses at universities in whichever country they choose.
Although there is no direct discussion of the language of instruction in this
declaration, the default position in Sweden appears to be that such courses
will be taught in English.

It would, however, be incorrect to think that the movement towards what
Falk (2001a:22) calls the anglicizing of Swedish universities is occurring
without criticism. For example, Gunnarsson (1999:16) warns that the Swed-
ish academic community runs the risk of submitting to diglossia—a division
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of functions between languages—where English is the academic 'high' lan-
guage and Swedish is the everyday 'low' language!.

Further in-depth criticism of the dominance of English came in the report
of the Parliamentary Committee for the Swedish Language, Mal i mun
(Utbildningsdepartementet, 2002). A section of this report deals with the
way in which certain subject areas in society become impossible to discuss
in Swedish — so called domain losses: to English. Losing domains to English
is portrayed as causing democratic problems, since it effectively denies large
sections of society access to these areas. Mal i mun acknowledges the need
for English in certain domains, but emphasizes that Swedish should also be
present in these areas. This is also the position of the Nordic Council of Min-
isters:

English is both essential and welcomed in Nordic universities. Students, lec-
turers and researchers must be able to understand academic English and use it
regularly. However this use of English must not be allowed to result in the
Nordic languages disappearing from universities. We should be aiming for
parallel use rather than monolingualism. Hoglin (2002:28)(translation JA)

A major problem seen by the authors of Mal i mun with regard to university
teaching in English, is the extra demand on students when required to learn
subject matter through a language other than Swedish.

Finally we would like to stress that it is well known that extra pressure is in-
volved in students not being able to use their first language. We know very
little about the consequences of the widespread use of English in certain dis-
ciplines. Research should therefore be carried out into the effects for learning,
understanding, the teaching situation, etc., when Swedish students receive
their education through the medium of English and how such teaching can be
successfully achieved. Utbildningsdepartementet (2002:97) (translation JA)

Similarly, Karin Carlson, in her article Tvasprakiga naturvetare voices the
concerns held by many in Swedish higher education:

At present there has been no systematic research into the way in which stu-
dent learning is affected by the language used, but my gut feeling and that of
many of my colleagues is that students gain less robust knowledge and poorer
understanding if the language used is not their mother tongue.
Carlson (2002:15)(translation JA)

1 The term diglossia (Ferguson, 1959) describes a situation where a society has two languages
in functional opposition — a ‘low’ language used in everyday encounters and a ‘high’ lan-
guage, learned largely by formal education and used for most written and formal purposes.

2 Fishman (1967) first presented the idea of domains dictating language. Examples of domains
are the family, school, the workplace, etc.
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This ‘gut feeling’ experienced by Carlson and her colleagues has led to a
radical rethinking of teaching at the University of Uppsala. In a project
named DiaNa (Dialogue for Natural Scientists), the academic departments of
chemistry, biology and earth science now put a heavy emphasis on Swedish
communication training in their courses (Uppsala universitet, 2001). Carlson
and her colleagues also reduced the percentage of courses offered in English
to third and fourth year biology students from circa 70% to circa 40%. All
students now read at least one advanced course in Swedish. Whilst sympa-
thising with the general thrust of the DiaNa project, Airey (2004) points out
that any educational changes made without solid research grounding risk
outcomes other than those originally intended.

2.3.4. Research into teaching in a second language

As pointed out in Mal i Mun (Utbildningsdepartementet, 2002), research into
the effects of teaching through the medium of English at Swedish universi-
ties is limited. However, teaching in a second language is better-documented
in the compulsory school system and internationally. The first contemporary
studies in this area come from the experience of the Canadian bilingual im-
mersion programmes. A large number of Canadian longitudinal studies since
the late 50’s have shown that pupils with English L1 can achieve a high level
of fluency in French, with no noticeable effect on performance in other sub-
jects. These immersion pupils achieve similar results on French comprehen-
sion tests as native speakers, and their written and spoken language is also
highly developed, with only a few lapses of grammar and collocation. (See
for example Genesee, 1987; Swain & Lapkin, 1982).

In Europe, similar attempts, termed content and language integrated learn-
ing (CLIL) have been documented by Baetens Beardsmore (1993) and the
European Commission Directorate General for Education and Culture (2001;
2006). Early Swedish attempts in CLIL have been reported by pioneers such
as Aseskog (1982), and continued by Knight (1990), Washburn (1997), Hall
(1998), Falk (2001b) and Nixon (2000; 2001). The Swedish term for such
studies is sprik-och innehdllsintegrerad inldrning och undervisning
(SPRINT). The main interest of the SPRINT programmes is improving stu-
dent’s L2 language skills (English). In this respect, a recurrent feature of the
SPRINT studies is that students and teachers agree that the resulting level of
English language skills is higher than in a comparable monolingual class.
Although encouraging, this evidence is unreliable, since the researchers were
asking people involved in a particular pilot study—and therefore naturally
positive to it—to express their opinions. In the two studies that actually at-
tempted to measure differences in English ability (Knight 1990; Washburn
1997) no measurable difference could be shown. Despite the many variables
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affecting the measured learning outcomes, this is still somewhat surprising
given the level of self-selection associated with this type of schooling’.

As regards subject knowledge, Washburn (1997:261) claims that the stu-
dents in her study did ‘as well as could be expected’. An interesting observa-
tion is that at the start of the study, Washburn’s experiment class averaged
just as good or better grades than the control class. At the end of the study,
students who had received teaching in English had significantly lower grades
in chemistry than those who had been taught in Swedish. The experiment
class also had lower (but not significantly lower) grades in physics than the
control class, despite having higher grades than the control class before the
experiment (Hyltenstam, 2004). The evidence for claims of minimal effects
on content learning in Swedish bilingual education programmes is therefore
at best inconclusive. Some of the teachers in bilingual studies acknowledge
this criticism and admit that they are forced to cover less material. The rea-
sons these teachers are still positive to teaching in English can be divided
into two groups; either they welcome being forced to concentrate on the
central issues of the subject, or they point out that the aims of their course
are more than a simple transfer of subject knowledge. This latter group feel
that the gains in English outweigh what they feel are the marginal negative
effects on subject knowledge.

Further, it appears that English-medium education affects the Swedish of
the students taught. Alvtorn (2002) found that students who study in bilin-
gual education classes have poorer written Swedish than students in ‘normal’
schools. Interestingly, the types of mistakes made by these students were
similar to those made by highly competent users of Swedish as a second
language. The results show no effect as far as amount written, sentence
length and complexity are concerned, but do show statistically significant
differences in the number of mistakes with prepositions, vocabulary, idiom
and style.

There are a number of studies from the lower levels of schooling which
suggest that there may in fact be some direct benefits of bilingual education.
In the most sophisticated of these, Willig (1985) carried out a meta-analysis
of US bilingual programmes, concluding that participation in bilingual edu-
cation programmes consistently produced results that favoured bilingual
education. However, Met & Lorenz, (1997) and Duff (1997) claim that limi-
tations in L2 may inhibit student’s ability to explore abstract concepts in
non-language subjects.

Thus, despite the well-documented and generally accepted positive effects
of many bilingual education programmes, Marsh Hau & Kong (2000; 2002)
working in Hong Kong, found large negative effects of high school teaching
in a second language on non-language subjects. They note that the focus of

3 We can assume that a typical pupil in bilingual education is above average when it comes to
grades, motivation, and language skills/interest.
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earlier bilingual studies has been on achievement in languages with “a re-
markable disregard for achievement in non-language subjects”(Marsh et al.,
2000:339). Moreover they point out that the majority of research that exists
on bilingual immersion programmes deals with early-immersion where pu-
pils are taught in the L2 from the start of formal schooling. The effects of
late-immersion are less well-documented, particularly when it comes to
learning outcomes in non-language subjects. Thus, Marsh and his colleagues
suggest that results found at a lower level of schooling may not transfer un-
problematically to a higher level of education. These results for the Hong
Kong situation were confirmed by Yip, Tsang, & Cheung (2003) who found
that English-medium students, despite having initially higher ability in sci-
ence performed more poorly on tests than their peers who were taught in
Chinese. The L2 students were found to be particularly weak in problems
that assessed understanding of abstract concepts, their ability to discriminate
between scientific terms and their application of scientific knowledge in new
situations. Both Marsh et al. (2000; 2002) and Yip et al. (2003) account for
their results in terms of the increasing demands placed on language as a con-
structor of knowledge as suggested by Halliday & Martin (1993). With this
in mind, the remainder of this survey will be confined to research into con-
tent learning outcomes at university level.

The majority of Scandinavian studies that have been carried out in higher
education have either been surveys of the extent to which a second language
is used in educational situations or have focused on the language learning
effects of such teaching, for example (Falk, 2001a; Gunnarsson & Ohman,
1997; Hellekjaer & Westergaard, 2002; Melander, 2005; Teleman, 1992;
Tella, Rdsdnen, & Viahipassi, 1999; Wilson, 2002). Surprisingly, there has
been very little research into the relationship between content learning and
the teaching language at university level. In Sweden no studies have been
carried out into the effects of lectures in a foreign language. Two recent
studies did however examine the understanding of written text, both con-
cluding that the ability to judge broad relevance is greatly reduced when text
is in English (Karlgren & Hansen, 2003; S6derlundh, 2004).

Further afield, researchers in New Zealand have found negative correla-
tions between second-language learning and performance in undergraduate
mathematics, with students disadvantaged by 10% when taught in a second
language (Barton & Neville-Barton, 2003, 2004; Neville-Barton & Barton,
2005). These negative effects were found to be at their worst in the final
undergraduate year. Similar relationships have been confirmed to some ex-
tent by Gerber, Engelbrecht, Harding & Rogan (2005) in their study of
speakers of Afrikaans learning undergraduate mathematics in English in
South Africa. Research in the Netherlands has also shown negative effects
for Dutch engineering students’ learning when they are taught in English
(Klaassen, 2001; Vinke, 1995). In contrast to the other tertiary level studies
reported here, Klaassen’s work suggests that the negative effects might be
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temporary and limited to the first year of study in a second language. Inter-
estingly one of the replies to Klaassen’s student questionnaire suggests a
possible reason for this transient negative effect:

My achievements in the English-medium programme are entirely my own
credit and are unrelated to the performance of the lecturers in this pro-
gramme. (Klaassen, 2001:182)

Commenting on this work, Airey & Linder (2006) suggest that the students
in Klaassen’s study may have learned to compensate for lack of understand-
ing in lectures by doing extra work outside class.

The studies reported above are undoubtedly interesting for those faced
with deciding which language to use in a given lecture situation. However,
there are many reasons that can be seen as legitimate for giving undergradu-
ate courses in English and therefore such lecturing seems guaranteed to both
continue and expand. From this perspective, studies pointing out possible
negative learning outcomes of such lecturing compared with first-language
lecturing are not particularly useful. Without knowledge about what students
may find difficult in second language lectures and how student learning pat-
terns change as the lecture language changes, the picture will continue to be
unclear. Meanwhile lecturers faced with giving courses in their students’
second language remain unsure as to any specific negative effects of such
lecturing and are thus unable to modify their strategies in order to minimize
such effects.

The situation has been well summarized by Flowerdew (1994). In a sur-
vey of international research relevant for academic lectures given to second-
language listeners in all disciplines, he points out that whilst there is much
research relevant to second-language lecture studies, the majority of the
work raises more questions than it answers:

One thing that is clear from this review is that a lot more research is needed
before we have a clear idea of what constitutes a successful second-language
lecture. A lot more information is needed — in terms of how a lecture is com-
prehended, in terms of what a lecture is made up of, and in terms of how the
variable features of a lecture may be manipulated to ensure optimum com-
prehension — before meaningful statements can be made about many aspects
of lectures which will have concrete effects on pedagogy. Flowerdew
(1994:25)

Klaassen (2001) suggests following up her work with stimulated recall ses-

sions to find out what students are actually doing in lectures this is the ap-
proach adopted by Airey & Linder (2006) (paper Il in this thesis).
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2.3.5. Summary of learning in a second language

In summary then, there are a number of studies which show positive or neu-
tral effects of teaching in a second language on the learning of disciplinary
knowledge. However on closer examination, these results appear only to
apply to specific situations with respect to age of introduction, selectivity
and the relative status of the student’s L1 and L2. Late immersion (after
grade 7) appears to be associated with large negative effects on subject
knowledge, and this is borne out in the few studies that have been carried out
at university level. The reasons for these negative effects appears to be re-
lated to the demands placed on language due to increasing levels of abstract
knowledge at higher levels of education.

2.4. Learning and discourse

2.4.1. Introduction

As early as the seventies Postman and Weingartner (1971:103) pointed out
that “A discipline is a way of knowing, and whatever is known is inseparable
from its symbols (mostly words) in which the knowing is codified”. One
way of collectively referring to this “system of symbols” is to use the term
discourse.

The argument that the ways of knowing that constitute a discipline are in-
separable from their discursive representations has led to the suggestion that
a significant part of learning may be regarded as “discovering” the meaning
of the discourse employed by a discipline through participation (Kuhn,
1962/1996; Northedge, 2002, 2003; Ostman, 1998). For example, Kuhn
makes the following claim about physics discourse:

If, for example the student of Newtonian dynamics ever discovers the mean-
ing of terms like ‘force’, ‘mass’, ‘space’, and ‘time’, he does so less from the
incomplete though sometimes helpful definitions in his text than by observ-
ing and participating in the application of these concepts to problem-solution
Kuhn (1962/1996:46-47)

Northedge (2002:257) further argues that “We encounter [words] embedded
within discourse, and come to apprehend their meaning in the process of
participating in the discourse which generates them”. Learning may then be
characterized as coming to experience disciplinary ways of knowing as they
are represented by the disciplinary discourse through participation.
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2.4.2. Problems with teaching and learning discourse

Gee (1990) stresses that discourses are not mastered by overt instruction,
suggesting that two types of teaching are required; teaching, and teaching;.
Teaching, refers to apprenticing students into a discourse, whereas teaching,
“leads to learning by a process of explanation and analysis that breaks down
learning into its analytical bits and develops meta-knowledge of the structure
of a given domain of knowledge” (Gee, 1990:154). Gee further suggests that
good teachers are good at both teaching, and teaching;.

It has been shown, however that many dimensions of disciplinary ways of
knowing are often taken for granted by university lecturers in their teaching
(Pace & Middendorf, 2004; Tobias, 1986, 1992-1993). In this respect,
Northedge (2002:256) believes university lecturers often do not fully appre-
ciate “...the sociocultural groundings of meaning. Their thoughts are so
deeply rooted in specialist discourse that they are unaware that meanings
they take for granted are simply not construable from outside the discourse”.
In a similar vein, Geisler (1994) claims:

Texts, like other objects of expert knowledge, appear to afford and sustain
both expert and naive representations: the expert representation available to
insiders to the academic professions and the naive representation available to
those outside. Geisler (1994:xi-xii)

Thus a number of authors have made the case that problems in student learn-
ing are largely a function of difficulties in handling and understanding highly
specialized forms of communication that are not found to any great extent in
everyday situations, for example, Driver & Ericksson (1983), Solomon
(1983) and Siljo (2000). Englund (1998) suggests analyzing the causes of
problems in student understanding of a specific discourse with a view to
changing institutionalized communicative patterns, thus making the dis-
course more accessible. However the other side of this coin is expressed by
Wickman & Ostman (2002) who have viewed learning as a form of dis-
course change. Learning is thus increasingly being characterized in terms of
entering a discourse (Florence & Yore, 2004; Lemke, 1990, 1995, 1998;
Northedge, 2002, 2003; Roth, McGinn, & Bowen, 1996; Swales, 1990;
Siljo, 1999; Wickman & Ostman, 2002).

2.4.3. Multimodal discourse

Following Fairclough (1995) the New London Group (2000:20) argue that
each semiotic domain has its own specific order of discourse that is “a struc-
tured set of conventions associated with semiotic activity (including use of
language) in a given social space”. Here we can see that language has now
been relegated to one amongst many semiotic activities. This change in em-
phasis is a direct result of the work of another member of the New London
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Group, Kress. Together with van Leeuwen, Kress had earlier mapped out a
visual grammar for reading images (Kress & van Leeuwen, 1996). The fur-
ther development of this work led to the notion of multimodality (Kress &
van Leeuwen, 2001) here language is viewed as being one of many modes.
In this respect, Lemke (1998:7) claims that scientists handle problems that
would otherwise be impossible to solve by orchestrating movement between
a wide range of discursive resources (modes):

We can partly talk our way through a scientific event or problem in purely
verbal conceptual terms, and then we can partly make sense of what is hap-
pening by combining our discourse with the drawing and interpretation of
visual diagrams and graphs and other representations, and we can integrate
both of these with mathematical formulas and algebraic derivations as well as
quantitative calculations, and finally we can integrate all of these with actual
experimental procedures and operations. In terms of which, on site and in the
doing of the experiment, we can make sense directly through action and ob-
servation, later interpreted and represented in words, images, and formulas.

From an educational point of view, Kress, Jewitt, Ogborn & Tsatsarelis
(2001) depict the discourse of a discipline as being made up of a number of
modes, where spoken and written language are examples of two such modes.
Each of these modes is seen as having different affordances or, to put this in
more tangible terms, different possibilities for representing disciplinary ways
of knowing This multimodal approach to disciplinary learning is developed
in Paper IV.

2.4.4. Summary of learning and discourse

Several researchers have suggested that learning can be seen as entering a
discourse, however, most of these researchers see discourse as synonomous
with language. For the study reported here, it was important to include other
representations such as diagrams, graphs and equations. In this respect a
number of researchers do include extra linguistic ‘stuff’ in their analyses of
discourse, however it was felt that the multimodal approach adopted by
Kress et al. (2001) provided the most complete description of the data col-
lected from university physics lectures.

2.5. Literature review summary

This literature review has dealt with three areas which are significant for this
study; PER, learning in a second language and learning and discourse.

The historical development of PER was described as moving from an ini-
tial atheoretical focus on student problems with learning particular physics
content and how to solve these; through an appreciation of the value of gen-
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eralizing theory over this “recipe-book™ approach; to an appreciation of the
multiple parameters which can affect student learning and hence the value of
multiple theoretical approaches to capture the various aspects of this com-
plexity.

The research into teaching in a second language was summarized, point-
ing out the way in which political and linguistic aims appear to have led to a
methodological “blindspot” with respect to research into content learning
outcomes. The paucity of international studies at university level was also
highlighted, along with the fact that no research has been carried out into
content learning outcomes in Sweden at the university level. More impor-
tantly it was also noted that there are a number of compelling reasons for
taking a bilingual approach to university physics. Thus, studies which sug-
gest possible negative learning outcomes of such lecturing compared with
first-language lecturing—taking a “black box” approach to learning by look-
ing at “output” in terms of assessment are not particularly useful. Only stud-
ies which can point out specific differences in the experience of learning
physics between one language and another and which identify changes in
student approaches have the potential to yield results which may be of use to
the university physics community.

Finally, a brief description of the approach which views learning as enter-
ing a discourse was presented. This multimodal approach is further devel-
oped in the next chapter.
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3. Methodology and method

3.1. Introduction

This chapter examines methodological issues with respect to the intended
study and describes the way in which decisions about the experimental
methods were initially taken and how these were further developed during
the three phases of the study. An extended analytical framework for the con-
struct of disciplinary discourse is presented.

3.2. Case study research

This study is an example of case study research. The analytical approach
used is based upon looking for patterns and key events using iterative cycles
through the data. The goal of such analysis is to move towards the crystalli-
zation of a rich description and explanation of the data. The kind of generali-
zation anticipated in this work is what Stake & Trumbull (1982) refer to as
naturalistic generalization in this type of generalization the thick description
offered resonates with readers' tacit knowledge, helping people make con-
nections and associations for themselves.

3.3. The initial research problem: Studying experience

At the outset of this work it was decided to study the experience of attending
physics lectures in relation to the language of instruction. There were two
reasons for this choice: First, this form of teaching—the lecture—is wide-
spread in the university world, having reached what Waggoner (1984:7) calls
“paradigmatic stature”. In fact, Benson (1994:181) goes as far as to claim
that university learning can be seen as initiation into a specific culture, where
the “central ritual” of this culture is the lecture. There has also been a great
deal of criticism of this characteristically academic university tradition
(Bligh, 1998; Ramsden, 1992). The second reason for choosing to study
lectures was much more pragmatic—the empirical content of lectures is gen-
erally both accessible and analytically documentable.
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3.2.1. Designing the study

The idea that the language of instruction used in a lecture may have a
bearing on the learning of physics is an easy concept to grasp. A much more
thorny issue is how to frame a study so that it produces results that are use-
ful, meaningful and of recognizably high quality. As explained in the preface
to this thesis, the initial approach to the research problem was based on the
author’s own real-life experience of tutoring Swedish undergraduates. There-
after, a preliminary literature review identified a number of quantitative bi-
lingual studies which could perhaps be adapted to suit the emerging research
questions of this study. Thus, the original idea was to carry out a quantitative
study with research and control groups. However at this stage two important
issues came to the fore, related to project design and relevance.

3.2.2. Project design and relevance

The first of these issues—project design—pertains to the real-life problems
of designating research and control groups. What exactly would kept con-
stant in a controlled study and how would that be achieved? The earlier at-
tempts to find statistical correlations between language choice and academic
performance all suffered from this same methodological weakness—whilst
the researchers themselves often claimed to have found statistically signifi-
cant relationships, most of the conclusions of these studies had been ques-
tioned (Hyltenstam, 2004; Marsh et al., 2000). In short, the most common
element of this type of study was the very similarity between research and
control groups. Working in the Netherlands with engineering students who
were lectured in English, Klaassen (2001) concluded that by far the most
important factor in university learning was not the language of instruction,
but rather the pedagogical content knowledge of the teacher. However, such
studies failed to dampen the feeling amongst experienced practitioners that
the language of instruction did play an important role in learning. It seemed
clear that if there was a “language effect” it would be difficult to isolate from
other much stronger effects related to the teacher, and student effects such
as, prior knowledge, epistemology, academic self-concept, gender and social
and educational background. Though technically possible, such a study
would require very large samples and highly sophisticated data collection
and manipulation in order to have any chance of success.

The second, and actually more pertinent issue was one of relevance. Let
us say, for the sake of argument, that a quantitative study could be carried
out and that such a study produced conclusive results—say students scored
10% lower on physics exams when taught in English rather than in Swedish.
What use would this result be to physics lecturers? Perhaps there might be
some movement to teach fewer physics courses in English, but physics
would continue to be taught in English for all the reasons listed in the litera-
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ture review (Airey, 2003). (Perhaps lecturers could lower their pass-marks
for courses taught in English by 10% ...7?).

Since physics would continue to be taught in English a “Which language
is better?” approach seemed somewhat irrelevant. What would be useful,
however, was an investigation of the way in which student learning differed
between the two situations, aimed at informing teacher practice. Thus it be-
came clear that an appropriate approach to the research questions would be
qualitative rather than quantitative. This state of affairs is discussed by
McDermott and Redish (1999:757):

In traditional physics experiments, the goal is to obtain quantitative results
with the uncertainty in the measurements well specified and as small as pos-
sible. However, a meaningful interpretation of numerical results requires a
sound qualitative understanding of the underlying physics. In studies involv-
ing students, the value of quantitative results also depends on our understand-
ing of qualitative issues, which usually are much less well understood than in
the case of physical systems. To be able to determine the depth of students’
knowledge and the nature of their difficulties, it is necessary to probe the rea-
soning that lies behind the answers. The analysis of numerical data alone may
lead to incorrect interpretations. Detailed investigations with a small number
of students can be very useful for identifying conceptual or reasoning diffi-
culties that might be missed in large-scale testing.

3.2.3. Early theoretical framing: The shared space of learning

Instead of attempting to equate learning with assessment, it was decided to
examine students’ experiences of learning+. By experiences is meant captur-
ing both the differences across learning experiences and the situatedness of
the individual learning experience. The product of the initial discussion of
data collection methods can be seen in figure 1.

The plan was to find two parallel physics courses, one taught in English
and the other taught in Swedish, which had a number of students in common.
One lecture from each of these courses would be videotaped. Prior to this
filming, each lecturer would be interviewed as to their aims for their lecture.
From this interview it was hoped to distinctly identify the intended object of
learning (IOL). The video footage could also be analyzed to determine en-
acted object of learning (EOL). Finally, the students would be interviewed in
an attempt to map out the lived object of learning (LOL)(Marton & Morris,
2002). It was expected that comparing the three constructs, IOL, EOL and
LOL would lead to a discussion as to the extent to which a space of learning
was shared between teacher and students This shared space of learning
(SSL) has been discussed by Tsui (2004b).

* Centred around student experiences and actions in lectures, and links between the language
of instruction and student ability to understand, describe and explain physics concepts.
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Figure 1. Brainstorming the focus of the first study

The connections between IOL, EOL, LOL and SSL have been discussed by
Airey & Linder (2004) in terms of a number of overlapping spaces—the
teacher’s intended space of learning and the students’ presumed space of
learning. This relationship between the various objects and spaces of learn-
ing can be seen diagrammatically for one student in figures 2-10.

In figure 2. the teacher selects an object of learning from a disciplinary
knowledge structure. This object of learning is then analyzed for its critical
features (figure 3.).

Figure 2. The teacher selects the intended object of learning from a coherent disci-
plinary knowledge structure
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[2- -3

Figure 3. The teacher analyzes the object of learning for its critical features

The relationship between the teacher’s intended space of learning and the
student’s presumed space of learning is shown in figure 4. Naturally, there is
some degree of misalignment between these two spaces. Where the two
spaces overlap, a space of learning is shared. It is this space that the teacher
can gainfully exploit for the teaching of an object of learning. Figure 5.
shows the enacted object of learning as seen by the teacher (against the
teacher’s intended space of learning).

Shared space of learning

Figure 4. The shared space of learning—where teacher’s intended space of learning
(solid box) and student’s presumed space of learning (broken box) overlap.
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Figure 5. The enacted object of learning. Critical features of the object of learning
varied against the teacher’s intended space of learning

If we now adopt a student perspective, the interesting question is what it is
possible for a student to experience from the enacted object of learning. Only
those aspects which were framed within the shared space of learning have
the possibility of being experienced by the student (figure 6.).

D+B+..O

Figure 6. The student’s presumed space of learning superimposed on the teacher’s
intended space of learning.
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Any aspects of the object of learning which are outside the shared space of
learning will either be ignored or misinterpreted (figures7-8).

Figure 7. The object of learning from the student’s perspective

Figure 8. What the student experiences.
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In the example given in figure 9. the student only has the possibility to ex-
perience a distorted object of learning. This lived object of learning is in-
compatible with wider disciplinary knowledge structures (figure 10.).

K-

Figure 9. The lived object of learning

g

Figure 10. The lived object of learning is incompatible with disciplinary knowledge

3.2.3. Language and the shared space of learning

Even in native speaker interactions there will always be an element of
dislocation between the teacher’s intended space of learning and each
student’s presumed space of learning. Here the speed of delivery can be
important. In lectures in the students’ L1 there is usually ample time to:
first compensate for the mismatch between the two spaces of learning,
then to experience variation in the critical features of the object of
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learning and to thus construct the object of learning for oneself. In
many cases, students still have enough time to also attempt to combine
this construction with disciplinary knowledge structures. When the lan-
guage of instruction changes students may be forced to spend more
time focusing on decoding the language before this process can occur.
See Flowerdew (1994:22-24) for an overview of research into the speed
of delivery in second language lectures.

For the purposes of this study it was important to understand the way in
which language could affect the shared space of learning. Tsui (2004a;
2004b) sees the role of a teacher as opening up a shared space of learning
and goes on to describe how this space can be semantically widened or
thickened. Language is the means of opening up this space.’

In classrooms where the medium of instruction is not the students’ mother
tongue (i.e., a language in which the students are less competent), the failure
to widen the shared space of learning may be caused by lack of linguistic re-
sources (particularly on the part of the students, although sometimes it can be
on the part of the teacher). (Tsui, 2004b:182)

3.3. Interviews and stimulated recall
3.3.1. Stimulated recall

Having decided to adopt the shared space of learning as an analytical
framework, the next question was how to operationalize the planned study.
For the lived object of learning to be appropriately described, the students
would need to be able to describe their thinking in lectures. The student in-
terview would thus be an extremely important source of data for this task.
Here it was decided that an appropriate approach would be to use stimulated
recall. This technique uses video footage to attempt to recreate the central
atmosphere of the original learning situation, thus allowing students to better
describe and reflect on their learning experiences in the specific situations
that they are shown (Bloom, 1953; Calderhead, 1981; Haglund, 2003). There
are a number of approaches to the use of stimulated recall, and since at this
stage it was not known what aspects of a lecture might be important it was
decided to focus on as many different types of activity as possible. Thus, it
was decided to edit the two hours of video footage from a typical lecture
session down to four short clips which together lasted less than ten minutes.
Each clip would deal with a separate aspect of the lecture.

> See Hull (1985); Watkins et al (1991); Kokkotas et al (1995); Adamson & Tai (1997); Gropengi-
esser (1999); Halliday & Matthiessen (1999); Anderberg (1999); Clark & Rutherford (2000); Kilic
(2003); Roth & Duit (2003).
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3.3.2. Creating interview protocols

For the lecturer interviews the goals were twofold:

e To identify the intended object of learning
e To gain an overview of the structure and various types of activity
of the planned lecture

An example of the protocol used to interview the lecturers can be seen in
appendix A.

For student interviews, it was important to focus on the language aspect
of student experience. In this respect it was decided to carry out the inter-
views in both Swedish and English. Students were thus recorded talking
about the same physics content in both languages and for both lectures. Ex-
amples of the three student interview protocols can be found in the appendi-
ces.

Initial analysis of the interview data collected led to the original language
focus moving to include representations other than language, such as mathe-
matics, graphs and diagrams. This focus was broadened still further during
the analysis stage to an analytical framework where learning in university
physics could be treated as entering a disciplinary discourse.

3.4. Learning as entering a discourse

3.4.1. Disciplinary discourse: an analytical framework

If we take the point of view that there are useful insights to be gained by
characterizing learning as entering a discourse, then for the purposes of the
analysis presented in this thesis we first need to define what is meant by such
discourse. Tsui (2004b:167) recently defined discourse for the purposes of
contemporary educational research work as “a process in which meanings
are negotiated and disambiguated, as well as a process in which common
grounds are established and widened”. This definition fully matches our own
view of disciplinary discourse; however, there is a risk that using such a
definition can become unintentionally limiting. This is because the definition
does not specifically challenge the traditional view that disciplinary dis-
course is synonymous with the specialized language used within a disci-
pline. Such a language-based interpretation of Tsui’s definition proves to be
limiting when attempting to capture the conditions necessary for learning
university science, since it takes for granted or ignores other important rep-
resentations (such as diagrams, graphs and mathematics).

The interest in exploring a broader notion of discourse grew out of an in-
terest in the two main languages, English and Swedish, used in the teaching
and learning of university physics in Sweden: If we characterize learning as
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entering a discourse, then what is the nature of the discourse that students are
expected to enter into when two languages are involved? When, during the
carly stages of the study, the value of including representations other than
language in the analytical framework emerged, Hall’s (1997) view of dis-
course became a central pillar in the developing analytical framework. Here,
discourse is viewed as a concept describing “...ways of referring to or con-
structing knowledge about a particular topic of practice: a cluster (or forma-
tion) of ideas, images and practices, which provide ways of talking about,
forms of knowledge and conduct associated with, a particular topic, social
activity or institutional site in society”. This facilitated a further extension by
drawing on Kress, Jewitt, Ogborn & Tsatsarelis (2001) to depict the dis-
course of a discipline as being made up of a number of modes, where spoken
and written language are examples of two such modes. Each of these modes
is seen as having different affordances or, to put it in another way, different
possibilities for representing disciplinary ways of knowing:

Several issues open out from this starting-point: if there are a
number of d