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Focus groups to ascertain the presence of formatiieedback in CAA

Stephen Broughton, Paul Hernandez-Martinez, Capbirigon

Mathematics Education Centre, Loughborough Univgrsi

First year mathematics undergraduates were askad #ieir experiences
of using computer-aided assessment (CAA) in thaithematics modules.
It forms a small component of their summative ssaresome modules.
The aims of these focus groups were to establish dtadents use CAA
systems and how they respond to its feedback. Jdper discusses why
these should be of interest, how students resporadetithe implications
on future work.

Keywords: activity theory, computer-aided assessmenformative
feedback, undergraduate mathematics.

Introduction

The aim of this PhD project is to examine the gffeness of the feedback offered by
computer-aided assessment (CAA). Many CAA systeemufe practice tests to
attempt formative feedback, which in literatureléscribed as effective, as we discuss
later. First we discuss what formative feedbacknid why it is considered effective.

In defining formative feedback, we observe thatdeti response is a
necessary component: how students act and reaaigduractice tests is intrinsic to
our study. We use activity theory to inform andedtrour study of students’ activities
when undertaking practice tests and we discussdrés of doing so in this paper.

Formative Feedback

Defining formative feedback is no trivial task: @&l it is one that is often challenged
— particularly when we seek a distinction betweemmftive assessment and
formative feedback. Taras (2002, 505) believes fibrateedback to be effective there
are three conditions: “(1) a [community] knowledgfestandards, (2) the necessity to
compare these standards to one’s own work, anidkB)g action to close the gap”.

When discussing formative feedback, Taras (506)stsisthere must be
evidence to demonstrate improvement, indicatingnédive feedback satisfies the
third condition of effectiveness. Wiliam and Bla¢k996, 543) further insist that
formative assessment requires a comparison betameemccepted standard and the
student’s work, as well as there being evidencangmrovement has been made:
satisfying Taras’ first and second conditions. kwi&adler (1989), citing Ramaprasad
(1983), repeats the condition that feedback needsetacted upon in order for it to
qualify as formative. However, while Ramaprasadtesgriof ‘feedback’, Sadler
discusses ‘assessment’.

It would appear that formative assessment and fiwendeedback are used
almost interchangeably. We settle on the phragendtive feedback’ and, following
definitions hitherto, we define formative feedbaclsatisfy three conditions:

1. Ajudgement is made against a given standard.

2. Advice is offered to bridge the gap between theg@ment and the given

standard.
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3. Evidence is available to demonstrate that an imgmnt has made with
respect to this gap.

Having established what formative feedback is, utstrbe noted that it is not only
useful but its impact is profound. Concluding frtme Beaton et al. (1996) analysis of
the TIMSS (Trends in International Mathematics @aence Study) 1995 study,
Black and Wiliam (1998) suggest that nationwidettadfect formative feedback
would propel England from mid-table of those cogstrmeasured for mathematical
achievement to the top five of the forty-one stddie

Due to the definition of formative feedback, it ltals that the process
involves bilateral input: educators offer advicegdastudents provide evidence that
they have improved. If successful, students reletekpected standard and educators
no longer need to provide advice at the culminatibtiis process. Yorke (2003, 496-
7) argues that this is a path towards independestcetents ought to be able to
complete the assessment without the support they eféered previously.

Additionally, Hattie and Timperley (2007, 87-90)gae that feedback has a
role in teaching self-regulation. Part of this msg involves establishing sources to
obtain feedback. They suggest that too many stadsglect this responsibility and
“view feedback as the responsibility of someone’efslattie and Timperley, 101).

Having established what formative feedback is, ptawver, and how it
encourages independence and self-regulation inestsid our attention turns to
computer-aided assessment (CAA).

Computer-Aided Assessment

One difficulty with assessing mathematical knowlkedg determining the best way to
communicate mathematics between the student angutem Mathematics-based
CAA systems use computer algebra systems to conapstredent’s response to stored
solutions (Sangwin 2007; Beevers et al. 2008) amegmultiple-choice questioning,
numerical input and selection-based responses (Boge and Gill 2004; Pidcock,
Palipana, and Green 2004).

Each has its own qualities, but one of the moremmomtraits is of interest to
us: the implementation of formative feedback. Masfythem feature a practice
system, whereby a student may make unlimited atiemuppractice tests, improving
on highlighted weaknesses, before attempting a satimentest (Pidcock, Palipana,
and Green 2004). It has also been used to allowrkss to tailor their early lectures
in light of students’ initial performances (Greemh000).

It is through practice tests that students obtaeadback. Sangwin (2007)
argues that providing immediate feedback givesesitgithe motivation to attempt the
assessment again. It is clear that the intentidarmeative but, as we observed in the
works of Ramaprasad (1983), Sadler (1989), Wiliava Black (1998), Taras (2002)
and Yorke (2003) in the preceding section, withautemonstrable reduction of the
knowledge gap it is not sufficient for this feedbao be deemed ‘formative’.

Though CAA systems might record practice test gitsmwe do not believe
these records reflect students’ current level afgpmance: for example, a student
might omit questions he previously answered coyeghen attempting subsequent
tests. Therefore it is not possible to judge whestadents’ scores are improving
through analysis of system data. That is, withatroducing a pre-test to the existing
tests, we are unable to determine whether CAA iim&dive without discussing the
issue with the students themselves.
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Methodology

Choosing methods that yield a representation ofiggrity of students undertaking
CAA in various institutions and subjects across$edént systems was not possible at
this early stage of the project. Methods, such asstipnnaires and large-scale
individual interviews, require questioning techreguhat examine the central issues
in detail, whilst also following a structure thatcflitates comparisons and
generalisations. It follows that determining thatcal issues must be a priority.

Focus groups appeared to be the best way to indaussion of the key
ideas: they permit an open-endedness of questioamd) responding, and the
opportunity to probe further as required. On thasib, focus groups were chosen to
initiate the investigation with the intention ofing questionnaires at a later time to
test the generalisability of focus group conclusion

Before the Easter vacation in 2011, students atigral lecture of a first-year
calculus module with CAA tests were invited to vadker. They each had similar
exposure to the Questionmark Perception CAA systeen the first semester and the
start of the second semester. Seventeen studer87oftudents registered for the
course filled in a response slip to indicate timé®n they were free to attend. From
these, we invited twelve students that chose th&t papular time slots. They formed
two groups (seven in the first, five in the secor@h) the days of the interviews six of
the first group attended; only two attended theosdagyroup. Convenience payments
were not offered on either occasion.

Both focus groups were asked questions from a pedpast with the current
guestion displayed on a laptop computer. In atteoelabeyond the participants, were
an interviewer (the first author) and a moderatorgsearch student) that made notes
of the discussion. Two audio recordings were madeach focus group and were
transcribed by the interviewer. Each focus grogpela forty-five minutes.

The transcriptions were coded according to thearebequestions. Essentially,
it was the purpose of this coding to help us anstherresearch questions using
quotations from the students, accompanied by cortaneand interpretation.

For the sake of brevity and consistency, we disamyg the findings that
relate to the following research questions thatreskl formative feedback and self-
regulation.

1. Can the feedback offered by CAA be considered “fiime”?

* To what extent does CAA allow students to ascettzair learning
gaps?

« Isthere evidence to suggest that students retieaekihowledge
deficits by means of this assessment?

2. What reactions and behaviours do students exhlmtwvihey receive

feedback through CAA?

Analysis

With respect to these research questions, we exatha feedback that CAA offers
and compare this to our definition of formativedback. Naturally our focus turns to
student activity and we discuss how our findindateeto activity theory.

CAA as formative feedback

Some students see CAA as the opportunity to idefegdirning gaps. As Hattie and
Timperley (2007) propose, it is only through assesss that some students identify
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problems: one student said, “sometimes you thinkwderstand something and then
assessments bring up stuff that maybe you're dingggvith”. Others find CAA
helpful to consolidate what has been explaine@atures: “it's drawn my attention to
bits | probably missed in the lectures and... itisstiag me to learn it again”.

The participants disagreed whether the feedbackngby the CAA systems
they used are adequate for them to improve. Onotie hand, the feedback is
sufficient for them to complete the summative assent, “if there is a question |
can't do | generally have a look at the worked eam and then just go back
through until 1 can get 100% on the practice testowever, there are several
complaints with this approach.

First, the prescriptive nature of some feedbackores the challenge from the
assessment: “The information in the practice téstpossibly in such a way that
anybody without having attended any of the lecturesuld probably answer and do
fairly well in the actual test”.

Secondly, the quality and detail of the feedbacknonsistent: “sometimes
you can click... and it will say slightly more thdhis answer is wrong’. Occasionally
it will say 'consider this'... or 'this is the kioflconcept involved'... but there's equally
a chance you get there and there's just a big’cross

An important aspect of formative feedback is impngvstudents' knowledge.
When asked, students were quite scathing in tme@rpretation of their gains in
knowledge and understanding: “with computer assestsn. generally if 1 don't
understand something going into it | don't realiglerstand it when | come out”.

Another respondent said that the feedback in mmdtésts allowed students to
copy the given solution and make appropriate nurakdadjustments to mechanically
retrieve answers for similar questions. He suggeshat feedback should give
“suggestions on how to solve it so people willldtihve to use a bit of brain”. A
fellow participant lamented being able to “writewdothe answer without thinking”,
explaining, “you're not actually learning any gasidlls”

One student suggested that there is not enouglhdekdn CAA for it to be
deemed “formative”. He believed that CAA was usefutevisit key points at the end
of a topic but that it did not guide his learnififpis student also complained about the
lack of feedback from the summative test: “it woblel nice to have feedback on the
guestions — the ones that you get wrong where gogbne wrong rather than just a
tick or a cross”. Others echo this sentiment.

As Hattie and Timperley (2007) suggest, studeraseglthe responsibility of
finding learning gaps on their assessors. One npgke the question: do students
stop trying to improve if they are no longer reaegvfeedback from their assessors?
If that were the case it might suggest that stigldmieve there is no need for
independence once the summative test is compleldever, it might also appear
that this student has not acquired the independ&nobtain feedback independently
or to self-regulate learning.

Despite their apparent dissatisfaction with thelbeek they receive, they use
it nonetheless. They believe the feedback fronptiaetice tests is detailed enough to
enable them to answer the summative test questiodsed, some students will not
attempt the summative test until they achieve peeores in the practice tests. To
that end, students described CAA as formative: denjuuter test is a formative
assessment. Whilst it doesn't always sort of gladming it can flag up useful things
which you'll pick up on in terms of preparing foour [exam]”; “straight away that
made me think that computer-based assessmenmstioe”.
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Conflict and its manifestation in activity

Participants used phrases like ‘simple’, ‘not caegied’, ‘easy’ and ‘lazy’ when
discussing CAA. They like CAA, but admit this istaef laziness: “Again, the lazy
part of me — because it's easy marks — would [@oosmputer assessment [over
traditional assessment]”; “If you want to make ydite easy, then everyone will go
for computer assessment. If you want to learn sbimgtand gain something out of
the subject, then traditional assessment is better”

This is an indication of the conflict that lies it students. Students feel the
need to acquire good marks in order to progressuéiimdately gain a good job after
university; however, these students have chosemalleaging subject that rewards
exploration and perseverance. It seems studerdshim two incompatible: a student
noted “I would like to be comfortable with the maaé and then as a result get good
marks”, but appeared not to be convinced thatithig viable path. However, they
appreciate the need for mathematical understandm want to be able to get to
the next year of the course so you want the marksetable to do that... but in later
years you'll fall down if you don’t know what yo&rtalking about”.

These students remain unconvinced that CAA is ngakiem more adept at
mathematics: “If you want to learn something ansch g@mething out of the subject,
then traditional assessment is better”; though tmcede that CAA tests more of the
module content than traditional forms of assessséiviou keep focussing on little
bits, it might be a better way of learning”.

It may seem a trivial point that students have r@ficsed view of what CAA
does for them and what their overall objectivestf@ course are. However, it is this
confusion that we must understand in order to pregrhow students are adapting to
CAA. We turn to activity theory to structure thesmfusions and to inform our study.

Kaptelinin and Nardi (2006, 199) explain the asaticnhs between motives,
needs, the students as subjects, and their actAityntrinsic point they make is that
subjects and their motives are not directly obddevand these can be discovered
through analysing their activity.

What is also clear is that students interpret theeds differently and their
motives are influenced by this interpretation. Wighty therefore, expect students to
behave differently — perhaps uniquely — when priesewith a CAA task to complete.
However, these students appeared to act in simdgs. The participants all said that
they practised until they achieved perfect scong variations such as note taking
and using lecture material. We might conclude thair motives are similar.

Conclusions

Students believe that CAA offers formative feedbdtkdentifies areas of weakness
and tests more of the module content. They do elit\e that it is the best method of
testing mathematical ability, but they believeatmows learning gaps.

They feel that CAA is easy and describe their peafee for CAA over
traditional assessment as a ‘lazy’ choice. Theldaekl that CAA offers is close to the
feedback they want and expect; but concede thafethéback is prescriptive and
removes some of the challenge that mathematicstaagbresent. Students feel that
CAA is effective for improving their procedural gueess, but there are better
methods for assessing their conceptual understgndin

We might conclude that students like CAA because @ompatible with their
motives, but it is to this point that we must towr attention. There is a need to study
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how the activity system interacts with individuasibjectivities; and activity theory
suggests that to do so requires that we obsenderstisi activity when undertaking
CAA tests. As such, activity theory directs us todgaobservations in our future work
to understand students’ conflicts, motives and pedelence.
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Where has all the beauty gone?

Martin Griffiths

University of Manchester

Bertrand Russell famously talked of mathematics passessing an
“austere beauty”. It would seem though that theacdy to appreciate the
aesthetic aspects of our field is not necessahly preserve of the
mathematical elite. Indeed, a number of educabmiteve that such
considerations have, in conjunction with variougyraove factors, the
potential to play a significant role with respeatthe student learning of
mathematics in the classroom. We consider herentiteon of the

mathematical aesthetic within this context, drawomy the work of a

number of key thinkers in this area. Our prelimyne@xplorations focus on
a number of lesson observations, and the interatidhis stage is merely
to ascertain whether or not aesthetic considersitawa playing any part in
students’ mathematical development in the classrodre provide a brief
discussion of our findings thus far, highlightingtential issues and
dichotomies that would appear to arise as a comseguof the current
climate of test-score-driven schooling.

Introduction

Aesthetics is generally considered to be a subglise of axiology, which is itself a
branch of philosophy concerned with the natureabfies and value judgments. More
specifically, aesthetics is associated with theureabf beauty in all its many forms.
Those who study it are interested in both the meaind the appreciation of objects
of beauty. Aesthetics often has connotations ofsiglal beauty (and hence of
pleasurable visual sensations), but this is an ecessarily restricted viewpoint.
Indeed, Yuri Borev, a former Professor of Aestretit the University of Moscow,
gives the following very broad definition of higfld of study:

Any human activity has, besides a purely utilitarfzurpose, the grains of what
makes it universally important for mankind. Ittiese grains which lend human
activity its aesthetic flavour. (Borev 1985)

However, our primary purpose here is to considersituation with regard to
the mathematical aesthetic in our school classrooni® above is therefore possibly
a little too all-encompassing for our present need$he somewhat narrower
perspective we adopt in this paper in keeping Wiehfollowing:

A student’s aesthetic capacity is not simply eqigntito her ability to identify
formal qualities such as economy, unexpectednegeeitability in mathematical
entities. Rather, her aesthetic capacity relaveber sensibility in combining

information and imagination when making purposefigcisions regarding
meaning and pleasure. (Sinclair 2004)

It ought to be mentioned at this point that thée tf the present paper is
intended simply to stimulate thought and discussiee are certainly not claiming
here that the consideration of the mathematicahats has ever played a prominent
role in the way that mathematics is taught andnkesr the classroom. In fact, no
assumptions whatsoever are being made in thisdegad, as a consequence, we do
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not attempt to make any comparisons with the @disgur observations concern the
current state of play. An alternative title migtgve been: Is there evidence in our
classrooms for the presence of, or appreciationthe various aesthetic aspects of
mathematics?

In this paper then we make an initial foray inte tiotion of the mathematical
aesthetic within the context of the modern mathesalassroom, bearing in mind all
the baggage that accompanies this milieu in terfnthe different constraints and
pressures that pupils and teachers continually tawveork under. We ask a number
of questions in this regard, and, in particularngider the potentially inhibiting
influence that current test-score-driven schoolingy have on the development of
both teachers’ and students’ aesthetic sensilsilitie

The mathematical aesthetic

Let us now consider in a little more detail whaaddually meant by the mathematical
aesthetic. It is highly likely that any readertlois paper will have experienced some
aspect of the beauty that is inherent in mathematiBesides the obvious visual
appeal of depictions of mathematical objects suchha Mandelbrot set, there are
several ways in which our aesthetic sensibilities/ e touched by mathematics. For
example, every one of us will have encountdreduty in mathematical method his

is able to manifest itself through the appreciattdran elegant proof of a theorem

such as the irrationality of/2 or the infinitude of the primes, both of which are
extremely succinct and based on very simple notioNstice how often the word

“elegant” appears both in discussions between matieians and in mathematical
writing.

We may also gain pleasure from the very act ofigpeting in mathematical
activities, particularly those of an exploratorytura. In engaging with mathematics
this way and adopting a ‘hands-on’ approach we imecmtimately acquainted with
its beautiful structures and are able graduallymnéock its secrets. This might be
termedbeauty via mathematical experiencén addition, there are many results in
mathematics that could be deemed to possess ancaesthetic quality. One of the

most oft-quoted examples in this regard is the gouae” +1=0 relating five
numbers that play a central role in the field oftmematical endeavour. The Prime
Number Theorem, a result giving a degree of ordertlte apparently-erratic
distribution of the prime numbers, is another instaof this. Indeed, we may say that
such examples provide us with the opportunity tpeglencebeauty in mathematical
results It is of course possible also to enter into amynber of debates about the
nature of mathematics. Is it, for example, theecdmt mathematics is invented or
simply discovered? Considerations of this type hhige referred to aveauty
through philosophical aspects of mathematics

An elitist concept?

Of course, some of the examples given above mighhecessarily be suitable for the
mathematics classroom. At this point then we msly @urselves a rather pertinent
question: Is the mathematical aesthetic an etibscept; something that only a select
few have the capacity to appreciate? Some praiegsimathematicians would no
doubt answer in the affirmative. In order seemyngl reinforce this point of view,
we provide the following relatively well-known quest from Henri Poincare, Godfrey
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Hardy and Bertrand Russell, respectively, each dforw was a leading of
mathematician of their time:

The mathematician does not study pure mathematcsause it is useful; he
studies it because he delights in it and he delightit because it is beautiful.
(Huntley 1970)

The mathematician's patterns, like the painterpoat's, must be beautiful. The
ideas, like the colours or the words, must fit thge in a harmonious way.
Beauty is the first test: There is no permanentelan the world for ugly

mathematics. (Hardy 1999)

Mathematics, rightly viewed, possesses not onlthtribbut supreme beauty.
(Russell 1988)

There are, however, a number of distinguished madlies educators who do
not share the belief that only expert mathematgiare truly able to experience the
mathematical aesthetic. This more inclusive viewpas encapsulated in the
following quote from Mary Beth Ruskai:

We cannot hope that many children will learn mathes unless we find a way
to share our enjoyment and show them its beautyedisas its utility. (Ruskai
1995)

Natalie Sinclair is possibly the most prolific centporary author on matters
associated with aesthetics in mathematics educatiorginclair (2004) she makes a
strong case for the vital role that aesthetic pses play in the development of
mathematical knowledge and in the course of matheateenquiry (in addition to
any accompanying cognitive processes that mayKkiegt@lace). This is irrespective
of whether the learning is taking place in a classr, a lecture theatre or in the
rarefied confines of a research mathematicianiseff

On the basis of the theoretical work carried ouDiewey (1934), Sinclair
identifies three fundamental roles that are playgthe aesthetic:

* motivational;
» evaluative;
e generative.

Let us consider each of these in turn. It is intgoatrfirst to emphasise the fact
that the motivational aspect of the aesthetictisnsic rather extrinsic. That is to say,
the reward for pursuing some mathematical actiistythe inherent pleasure and
personal satisfaction one derives from it rathentlany type of material gain one
might receive. This role may be considered attlpagly responsible for situations in
which a person is attracted to a certain mathealgtioblem or area. The evaluative
role is concerned with making judgements aboub#euty of the mathematics one is
engaged in. For example: Is a particular proofereegant than another? Is one
result deeper than another? Which of the possids of enquiry looks the most
promising? The answers to these questions wiljuieatly be influenced by aesthetic
responses. Finally, the generative role may inessense be linked with intuitive
modes of thought. The aesthetic would appear is tase to operate at a
subconscious level, providing tacit guidance fa thathematician. It might be partly
responsible for leading to new ideas that would metessarily have arisen easily
from deductive reasoning alone, thereby faciligigenerative learning. For more in-
depth discussions concerning generative learniagMérock (1974a and 1974b).
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From the above it would appear that the mathenlatieathetic has the
potential to play a significant role in mathemaltidavelopment at many levels, and
that it is not therefore the preserve of the matiteral elite. This might in turn imply
that there are tangible benefits to be gained tiroplanning for the presence of
aesthetic elements to lessons. Indeed, a numberdoetators concur with this
sentiment. For further research and commentarardigg the aesthetic in the
mathematics classroom, see Betts (2005), Gadaaitlis Hoogland (2003), Mack
(2006); Papert (1978). Furthermore, Sinclair (90@Ques that aesthetic awareness
ought to be both a connective and a liberatinggfamanathematics education.

Aesthetics in the mathematics classroom

By way of an initial exploration in this area, anmoer of lesson observations took
place (each with a different teacher). At thislyeatage we simply report on what
might be seen as ‘the current state of play’. Wethat in most cases the observed
lessons contained several good features, and samlel 'wm many respects have been
regarded as good to outstanding. It was the dasgever, that there was not one
single explicit reference to the beauty inherentthe mathematical topics being
taught, and in many of the activities provided ¢heeemed to be virtually no scope to
facilitate anything even implicitly in this regard.

Instead, the dominant discourse, in terms of motwaat least, concerned
forthcoming examinations, despite the fact thatsome cases these were many
months away. Phrases such as “The examiner wilbbking for ...” or “We are
doing this because you will get asked about itanryGCSE” were frequently to be
heard. In fact, we recorded 28 comments of thtarealremembering, from above,
that there were none at all associated with aastleensiderations). This would
appear to indicate that the current climate ofs$estre-driven schooling is very much
driving the way that the curriculum is being dete@. It is a question of deciding
whether or not this is an entirely good thing.

In addition to the fact that there were no real mpmities for students to
experience or explore mathematics in a way that ldvallow their aesthetic
sensibilities to develop and even flourish, thgppemred to be a lack of vocabulary
associated with the aesthetic. Although plentygodd learning certainly did take
place in many of the lessons that were observedl, atimosphere and learning
environment often seemed somewhat flat in the sémsethere was a complete
absence of any “Aha!” moments amongst the students.

Given that aesthetic considerations do indeed havmart to play in the
teaching and learning mathematics at school, tlemesmight be a little concerned
that, from our limited observations at least, ®sire-driven schooling is dominating
classroom discourse to such an extent that mofimedeaching and learning are
purely utilitarian as opposed to aesthetic. Thaeethus some stark questions to be
asked in this regard: Is there the will amongaketholders to remedy this situation,
or have we now gone beyond the point of no retulm#t now the case that only the
mathematical elite will have the opportunity to egpate the aesthetic aspects of
mathematics in the classroom? Are we, in schaoiaply disregarding aesthetic
values in mathematics? If so, is this process paipetuating? Will this affect the
mathematical creativity and engagement of futumeegeions to the extent that most
students become ‘mathematical parrots’, capablg ohlregurgitating the work of
others as opposed to being creative themselves?
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Concluding remarks

In this paper we are merely highlighting some firgdi and expressing possible
concerns over what might be perceived as just dnenany potential issues in
contemporary mathematics education. At this prielmy stage we are certainly not
claiming to offer any solutions, although severagjgestions will be mooted here;
there is indeed plenty of scope for future researchis area. As mathematicians and
teachers, we occupy a privileged position in theseethat each of us is likely to be
endowed with a heightened awareness of just whamnetns for a piece of
mathematics to possess ‘beauty’. This raises gethar question: Are students
benefitting from this in their learning? Surely,aur roles as teachers and educators,
it is our duty to pass on the sheer delight oufestilgives us at so many levels.

In order to nurture students’ aesthetic sensibditiwith respect to
mathematics, the learning environment must be ocowduboth to facilitating the
requisite intellectual involvement and to encounggthe independent and creative
exploration of mathematics. It does seem thattheent climate of test-score-driven
schooling is in fact inhibiting teachers’ natur@&ntlencies toward the aesthetic,
thereby making the establishment of such learnimgrenments very rare events
indeed. Since this phenomenon would appear teletb stay, some thought may be
needed as to how to counteract some of its potmiegative effects.

First, this issue might be made explicit on PGCBgmmmes. Some
educators believe that teachers should plan fadhets activity to take place in any
mathematics lesson. There is of course the patemire for a dichotomy between
the educators’ ideals and student teachers’ regliind some open discussion in this
regard would be helpful in preparing trainees Far dilemmas and different pressures
they will encounter when attempting to cater fasthetic dimensions in their lessons.
Indeed, specific guidance may be needed in the are

Second, are the curriculum and the accompanyinguress (textbooks, for
example) also conspiring against the aesthetic? déftect the focus from this
constant test-score-driven approach to teachingpitld seem important for teachers
to select tasks that give students the opportuaityave aesthetics experiences. There
are in fact a number of examples of good practicthis area. In Griffiths (2010) is
an activity that was designed to allow studentsexperience the mathematical
aesthetic in several different ways, and at sewffdrent levels. The starting point
is something as simple as the logo of the FibonAssbciation. In Unal (2008 and
2009) may be found examples relating diagrams tmsswf infinite series in
surprising and beautiful ways. An example of aubiéaly simple visual model
describing the way the universe is expanding inegivn Griffiths (2009). In
Lesmoir-Gordon (2010) can be seen some wonderfpbsEton and accompanying
graphics associated with fractals. For furthercgmeexamples aimed at younger
students, see Gadanidis and Hoogland (2003) arb®8i(2002 and 2006).
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The use of conversation analysis in identifying cedive approaches to
mathematical problem solving

Graham Hall

University of Wales, Newport

Techniques of conversation analysis have been insad effort to better
understand the thought processes of adults engagea range of
mathematical tasks. Participants were asked toigoa commentary
during problem solving, in a non-judgmental envir@nt with minimum
intervention from the researcher.

Interesting outcomes from the work are: an inaptlit link arithmetic and
algebra in problem solving, a lack of specialisecatmmatical
vocabulary, misuse of standard algorithms whichehlagen learned in a
superficial manner without full understanding, aadpreference for
justification by concrete example rather than tgfo@abstract reasoning.
Distinct differences in approach to problem solvarg observed between
participants with different preferred learning sty

Keywords: Conversation analysis, adult numeracy, peferred learning
styles.

Introduction

This investigation came about through a desire dtieb understand the problems
faced by adults in improving their numeracy.

A first step when new students join a numeracyscla®ften to undertake an
assessment of their mathematical skills throughitien test. However, assessment of
written answers may give limited insight into theoaght processes of students.
Where solutions are incorrect, this might varioustya result of: misinterpretation of
the problem, lack of knowledge and understandingptiition methods, or inaccuracy
in applying formulae and algorithms.

In this small project, six adults living in a towamNorth Wales and ranging in
age from 20 to 60 were selected as a conveniemaplsaNone was in employment
requiring specialised use of mathematics or nunyebayond Adult Numeracy level
2, and none had undertaken any formal study of emadics or numeracy since
leaving school. Occupations included: office worlemputer technician and school
teacher, and one participant had been unemployeapfiroximately a year. Although
a limited sample, the group appeared to be fayyctl of the adult population as a
whole.

Techniques of conversation analysis were used ineHart to better
understand the thought processes of the partigp@ihsburg 1981). Subjects were
asked to provide a commentary whilst engaged snge of mathematical tasks, in a
non-judgemental environment with minimum interventfrom the researcher.
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Investigating the arithmetic-algebra connection

An initial objective was to investigate the extémtwhich participants were able to
make connections between arithmetic and algebrsubsgtituting arithmetical values
where appropriate to clarify algebraic expressioasd by formulating simple

algebraic expressions to help in the solution @gharetic problems (Lee and Wheeler
1989).

Task 1

ResearcherWould you look at this expression and say whethir definitely true,
definitely not true, or possibly true:

2x + 1 - 1
2x + 1 + 7 8

Participant: | would say it is not true... no, it is true, butvould have to be nought.
That is my quick answer.

Four of the subjects spotted that the first expoeswas true for x = 0, but all then
assumed that the value of x had to be zero soxihregsion was always true.

One participant commented: 'If x could have anygathen there are millions
of answers and there is no way of checking ititle. '

Task 2

ResearcherCould you do the same with this expression... shgther it is definitely
true, definitely not true, or possibly true:

1 1 1

6X 3x  3x

Participant: | would say that would be definitely true becatlsesum of those two
would be the other one.

Four participants made the error:
Yg-13=1/4
No-one attempted to substitute numerical valuetesd the equality, relying
instead on first impressions of the pattern ofafeation.

Task 3

ResearcherNow try this question. Add and subtract numbersnfi0, and see if the
final total would always be the same for differstarting values.
Participant: | would have to try this out with a range of nungodf you use 7 you get
17... Then take away 7 is 3... So it comes to 20.
Let me go for 5. That is 15... and 5... and it'sag@in...
Well, yes, | think so. It would be the same.
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The general approach was to try out several examplee number of values
chosen varied between two and four. Only one @pént produced an algebraic
expression:

(10+ N) + (10-N) = 20 as a proof of the assertion.

The outcome of tasks 1-3 suggested that the grdupdalts saw little
connection between algebra and arithmetic, trediege as two entirely separate
compartments of mathematics which could not be uegdther in any meaningful
way for problem solving.

Using real objects

It has been suggested by Nunes, Light and Mas@8)1Bat the direct use of concrete
objects in solving numeracy problems is less iettlially demanding than the use of
mathematical methods, so will generally be preteriio test this hypothesis, several
tasks were devised using everyday physical objaatexample is given below:

Task 4

Researcheri am going to show you this plastic ligss
and this tin. Could you say how yo
would work out whether the area of t
plastic lid is bigger or smaller than t
area of the paper label - witho
removing the label?

Participant: If 1 was to start with that line on th¢ =&
label at the edge of this sheet of plast
and roll it very carefully like that.Se.\
where it goes... e
| can see that it comes over the edge. § £
Whether it's got a smaller area —
It's got a smaller width, hasn't it?
So, as an estimate, although it goe
longer here, its actually shorter there, so itisilarr | would guess. About
an inch wider here, and it seems about an inchieshor

Researcher:f you wanted to be a bit more precise, how coutdi ynake some
measurements?

Participant: | would roll the tin, starting with this edge onetlhabel here, and see
where it stops. If | can use a ruler... Then coraphe two.

ResearcherCould you just imagine the label being unwrappedhe circumference
of the tin is the length of that rectangle.

Participant: Well, yes. So that would become a rectangle, andcgaild find the area
of the rectangle.

ResearcherWould any of these formulae be true?

area of label = height oftin x circumferen

area =n x radiud x height

area =n % heightx diameter
Participant: Area of the label.... Height of the tin times cimtference...
Yes, that's true, isn't it.
Area is pir squared h... No, it's 2 pir... I'm rsafre.
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When undertaking tasks involving real objects, therticipants almost always

attempted to solve the problem by physical measen¢snalone, without recourse to
mathematical reasoning. When mathematical methas wuggested, there was an
evident lack of recall of geometrical and algebtaxhniques.

Investigating approaches to problem solving

It was felt that different individuals might haveffdrent approaches to problem
solving, and some insight might be gained from sssg their preferred learning
style. A variety of taxonomies of learning stylevbdeen proposed, but that of Roger
Felder (1993) was chosen. Participants were ewauatsing a questionnaire
instrument to determine their positioning in reggedour dichotomies:
* How does the subject prefer to process information:
actively—through engagement in physical activity or diseusgsor
reflectively—through introspection?
* How does the subject progress toward understanding:
sequentially—in a logical progression of small incremental step
globally—in large jumps, holistically?
« What type of information does the subject prefaadigtperceive:
sensory— sights, sounds, physical sensations, or
intuitive — memories, ideas, insights?
* How is sensory information most effectively per@si\by the subject:
visually—pictures, diagrams, graphs, demonstrations, or
verbally—sounds, written and spoken words and formulas?

Testing revealed a range of personal profilesHersix participants, indicated on a
scale from 1 (low preference) to 11 (high prefesgnveithin each dichotomy:

Subject Sensing Intuitive Visual Verbal Sequential Global Active Reflective
1 2 9 9 2 3 8 2 9
2 4 7 6 5 7 4 7 4
3 9 2 11 0 5 6 6 5
4 11 0 8 3 8 3 6 5
5 10 1 2 9 6 5 2 9
6 2 9 4 7 6 7 5 6

Moderate preference  Strong preference
Participants were then asked to undertake a sefisks, and an attempt was made

to relate their approach to problem solving to dseessed learning style preferences.
Examples are presented below:
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Task 5

ResearcherCould you read this problem and have a go at sgliin

Participant: The teachers at Cwm Coed School decide to organfsad to pay for
gifts to teachers who leave the school.
They decide to pay £5 a year into this fund. Whésaaher leaves, he or
she is given £30 plus £3 for every year the teattasr been at the
school. After how many years at the school woukhtbmount paid in
by the teacher equal the amount of the gift reckoreleaving?
Well, if they stayed for six years they would g&0fplus ... they would
also get £3 for every year they had been teaching. for six years that
would be £48.
(pause ... 6 seconds)
The difference between 3 and 5 is £2. Uhm...
In 15 years they would get £75 and pay £75. | seges! So it's 15
years.

The participant (subject 6) worked entirgbybally throughout, writing nothing on
paper. There was no recourse to any algebraic igpodnT he final solution was
reached in a moment aituition. This fitted remarkably with their preferred leizm
style as strongly intuitive and moderately verbal.

Task 6

ResearcherThis is a shape, and | would like you t~
work out the distance round the edge
of it.

Participant: The distance round the edge of it... 8cm
(begins counting the distances sam
mental arithmetic, then stops ) 2 ¢m g i
We haven't got how long that is...
We could take that from that... no, th:
wouldn't work... &
I's not as straight forward as | firs
thought. Oh dear...

(pause ... 11 seconds)
ResearcherCan we do anything with those two measurements?

Participant: Oh, yes. So that's one... That's six....It will kvthris time..

So that's three... and that's one as well...
( using calculator)....... 48
Sorry, that took a long time!

gcm

2cm

4cm
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The participant's difficulty in seeing the solutitnthis apparently simple geometrical
problem may lie in very strong preference $ensing andsequential learning styles
(subject 4), as opposed to timeuitive andglobal approaches which might have been
more successful.

Conclusions

This study is ongoing, but has begun to provideergdting insight into adult
numeracy. The conversation extracts above aregbatlarger body of data which
allows some general conclusions to be drawn:

Within a few years of leaving school, and with notlier formal study of
mathematics or numeracy, adults lose much of tfamiliarity with algebra and
geometry. They are hampered by a lack of specthhsathematical vocabulary when
exploring the solution of problems, and frequemtiguse standard algorithms which
have been learned in a superficial manner withaliihderstanding.

A patrticular difficulty arises from an inability tonk arithmetic and algebra in
meaningful ways during problem solving. There s&rang preference for justification
by concrete example and direct measurement, rétharthrough abstract reasoning.
This is particularly evident when problems are pntsd which involve physical
objects.

Distinct differences in approach to problem solvimg observed between
participants with different preferred learning syl Individuals appear to develop
their own unique mathematical coping strategiesctvimnay diverge widely from the
standard methods taught in schools. This seemsntmnesting area for further
investigation.

It became apparent during the research that teemegendency for the teacher
to intervene too quickly when a response is nothtmming, allowing insufficient
time for reflective learners to think through theolglem and develop their own,
perhaps unique, solutions.
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Supporting students in their transition to university mathematics

Paul Hernandez-Martin&zJulian William& and Valerie Farnsworth

3_oughborough UniversityUniversity of ManchestefUniversity of Leeds

Our Transmathsprojects aimed to understand how different prastim
mathematics during the transition to higher edocatinpact on students’
dispositions and identity and influence their fetursuccess in
mathematically demanding subjects. In this papee, discuss three
examples of university transition support mechasisimd how these seem
to be helping students, in particular those who aa@nsidered
mathematically weak, to make a successful tramsitito university. We
discuss implications for pedagogy, curriculum amstitutions.

Keywords: transition, undergraduate mathematics, bandary crossing,
resilience, learning to learn

Introduction

Our Transmath§ projects take a socio-cultural theoretical pertipecto try to
understand how different educational practices mth@matics at College and in
transition to University impact on students’ disposs and identity, hence
influencing their choices and future success injexib that demand high levels of
mathematics.

In this paper we draw particularly on three of phejects’ papers (Williams et
al. under review, Hernandez-Martinez and Williamscegpted, Farnsworth and
Williams under review) to elicit a discussion offfelient university transition support
mechanisms and how these seem to help differedests to achieve a successful
transition. The papers take different theoreti@aiaepts, such as ‘brokering’, ‘third
spaces’, ‘resilience’ or ‘learning to learn’, topgain how learners interact in different
ways with the socio-cultural contexts in which thegrticipate and in particular
during transitional moments which pose challengesl abstacles to students,
especially in relation to mathematics.

In the following, we briefly describe these papainsl discuss the implications
that our conclusions might have for pedagogy, culum and institutions.

Practices that support the transition to University
Boundary crossers, brokers and third spaces

The Williams et al. (under review) paper approachies subject of first year
university mathematics provision from the perspectiof different ‘boundary
crossers’, those who experience moving betweendiferent activity systems like
school and university. Some of these can also bectmokers’ (in the sense of
Wenger 1998) or facilitate the creation of ‘thirdases’ where elements of both
systems meet and new meanings are created (irettse ©f Gutierrez, Baquedano-
Lopez and Tejeda 1999). The paper describes thes aalsJames, an engineering
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student, Joanne, who teaches mathematics at sahdalniversity, and Lilian, a tutor
responsible for the mathematics support centremtihiversity.

James dropped out of an ‘elite’ university engimegercourse because
mathematics was “too hard”. He switched to a lessstigious’ engineering course in
his local post-92 university, where he found hirhdeing very well: the mathematics
was “a lot simpler” and his relative maturity, &a&id, “favoured” him. At the end of
his first year he got ‘first class’ grades. It seetiat several elements contributed to
James’ successful transition from one universityhi other: although mathematics
remained something of a problem in a few coursisspérception in general was that
it was “a lot easier, more understandable” and &rarjoyable” because mathematics
was taught more slowly, in smaller classes andemeral, the course contained more
practical work and projects than that in the ‘éliteiversity, something that is closer
to how James sees himself professionally, “a moaetjigal engineer”. However, it
seems that on reflection James regrets the lostabtus and the exchange value
associated with a qualification in a less prestigioniversity, and also that he now
considers mathematics important: it is difficuliit bhis makes it valuable.

Joanne teaches mathematics part-time at schoolagfdd level Calculus)
and university (first year mathematics for engineg; but remarkably the topics are
very similar. The university has employed her teatth’ students that are
mathematically weak, mainly those coming with a at@mmnal qualification. Our
observations and interviews with her led us to tiferseveral differences in her
practice at school versus university: (a) the paicéhe work at university is much
faster but given that her class is small (around &0dents feel that they are getting a
quality, one-to-one time with the lecturer; (b) tle&pectation that students at
university should be more independent in theirrewy, which was shared both by
Joanne and her students, but also the realisdtainthis independence is harder to
obtain in mathematics than in other subjects aatlttie gap in the mathematics to be
learnt was just too big; (c) Joanne’s use of formeaassessment, by being aware of
individual needs and constantly reinforcing studeninderstanding; and (d) the
constraints at school about performance in lesandsxams and how these pressures
were totally different at university. We see Joasngork as one of brokering by
introducing elements of school teaching (percei@sdyjood quality teaching by her
university students) into the university system.

Lilian works at the same university as Joanne i tiathematics support
centre. Her work there involves not just teachingthrematics to anyone that needs
help but also helping them “learning how to lear8he is also proactive in dealing
with more than just a “sticking plaster job”, batking to lecturers and making them
aware if a group of students are having problemsnuherstanding certain topics, and
giving lecturers some feedback on their teachirmgci@lly, the institutional status of
the support centre provides Lilian with the auttyoto ‘broker’ between students and
staff, making the centre a ‘third space’, wheredepmental work takes place.

From the experiences of these three ‘boundary ers'ssve conclude that
many students appreciate extra help in transitidmch includes amongst other things
smaller, interactive classes, a slower pace whensked on critical difficulties, a
more expert teacher who knows how to identify stiisleproblems and “take them on
from there”, but perhaps more important, institaéibspaces where brokering work is
made possible, and that have the potential to gémea cultural change and
professional development, and not just a quick fix.
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Building resilience

The Hernandez-Martinez and Williams (accepted) pdpeuses on the concept of
resilience and how some students that are statlisticonsidered ‘at risk’ because of
their cultural and socio-economic background aide &b build resilience and persist
to achieve a successful transition.

In this paper, we define resilience as a dynanucgss of interaction between
sociocultural contexts and the agency of developmalividuals. Taking Bourdieu’s
notion of social and cultural capital as representhe capacity to exercise agency in
a field, we add a note on reflexivity: that studermtin develop capital through
reflection, particularly on ‘critical moments’. Thcapital can allow for agency in new
fields (for example, during transition), and thesgibility to negotiate successfully
their habituses with the conditions of the newdiel

We illustrate this concept with the cases of twadshts in transition: Jenni
and John, who have acquired some capital during swhooling which became
valuable during their transition. Both of them hamxkgative experiences of
mathematics at school, Jenni being in a disruptiass and John being in a “shit
school” with no provision for further mathematicd®nni experienced a ‘critical
moment’ when she reflected on her situation anddeéecthat she had “had enough
now”, blocking out her disruptive classmates andob@&ng a more independent
learner, changing her ‘hate’ for mathematics itdwe’ for the subject. This reflective
development of such educational capital provided Wwigh the necessary agency
during transition to make her habitus resonate Wit new field and take full
advantage of what the new institution had to dffestudents that have a more mature
and independent approach to learning. In the cedehm, his experience of having to
undertake distance learning through the Furthemhbtagatics Network provided him
with the necessary capital (through a process oérireflection) to persist during
transition at moments where “nothing makes senssfecially in the case of
mathematical proofs. His more mature approachdmieg (as opposed to his peers
that still expect to be ‘spoon-fed’) ensured thiat tabitus aligned with a new field
that values such capital. In both cases, we emghabie importance of different
sources of capital, in Jenni’'s case a supportiveartouraging family and in John’s
case a special teacher who advised him and helpedde what it means to become a
‘good’ mathematician at university.

Therefore, we claim that resilient students ares¢h@ho actively engage with
a reflective process (which can be a critical mothen which individuals become
consciously aware of their need to break with whaaken-for-granted and therefore
are able to develop certain social, cultural (apecgically educational) capital that
they can bring to bear in a new field, giving thanecertain agency to negotiate the
transition successfully. Despite the poverty arfteotfactors that put these students
‘at risk’ statistically, they show how significasiocial capital from their family,
school or peer group can make the difference ir tenscious acquisition of this
educational capital.

We conclude that processes that encourage refigxivistudents should be
incorporated in school pedagogical practices. Taigiires spaces to discuss, argue,
question, think and connect mathematical ideas,alsg spaces where learners can
relate appropriately with a peer group, teachamiliy and community, which are the
sources of valuable forms of capital.
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Learning for understanding and self-regulation

The Farnsworth and Williams (under review) papgrrapches a first year university
Medicine case study, where the main feature israblpm-based learning’ (PBL)
approach. This study provides insights into howdstiis change habits, perceptions
and beliefs about learning as they transition th&r university studies.

By the nature of their degree, students in thi® cdady reported themselves
to be highly motivated to complete the course amdhdve an imagined future in
medicine firmly in mind. The PBL approach to teajiiearning meant that some of
these students found the ‘transition gap’ gredtantother types of students who
experienced a more ‘traditional’ teaching approactorief, PBL means that students
are not directed to particular texts and that they not directed by a tutor but only
mentored and steered if they are going off trackscilssion with peers, more
experienced students and tutors, are essentialatoihg through this approach, and
some students realise that talking “about somethioigp the top of your head (...)
pushes you to learn it”. Students experience agdanthe way they see learning and
really appreciate that “all that matters is whethemderstand it or not and | can
explain it to my colleagues”. Mathematics learnimgparticular, becomes for some
an independent, self-directing task as one stuebgmesses:

Maths, for example, | found | learned a lot bettgrgoing on the Internet and
looking up things like long division. Somehow, iy do it yourself you actually
read it and you actually assimilate the knowledge.

The fact that PBL appeals to students’ identifimatas future doctors, and
how this influenced their learning, is clearly exgged by a student:

[We were] trying to be almost, like, mini doctorfien they’re looking at the case
the first time, because | think that's PBL, but &yd diagnose something when
you first see it and then linking them togetheopposed to going home and say,
“Oh, I don't [know] something and someone will pitkp”.

The analysis identifies a learning system thattisctured around the PBL
curriculum and found that, for some students, tiferént aspects of the system
worked together to support their transition. Frdns ttase study we conclude that a
learning system that aligns students’ goals of bewog professional doctors
(engagement with future identities) with the noramsl rules of the community of
practice is better suited to encourage the aconsdf ‘learning to learn’ skills and a
‘self-directed’ approach to learning (Gallagher 19®Rawson 2000). This in turn
promotes shifts in students’ dispositions and m@ships towards knowledge,
supporting the transition to higher education whare emphasis is placed on
understanding and applying knowledge. We proposestindents would benefit from:
a) a curriculum that structures the learning systgound a common goal, and b)
explicit representation of the ways the differegpects of the learning system work
together and complement each other to help theahrd@ir goals.

Discussion

There is a concern in Higher Education about hagbs of failure in first year courses
that are highly mathematically demanding. Almodtuadiversities in the UK have
implemented certain mechanisms to alleviate thesttian from school to university.
However, some of these mechanisms seem not tddxtied, or have little effect for
those students who are considered mathematicalk Wet that nevertheless have the
potential to become good professionals.
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Here we have presented three examples of such mentsgof support: (1)
brokering and ‘third spaces’ of more school-likeeathing’ practices, such as
small(er) classes or mathematics support centrégreveffective, more student-
centred learning may take place, whether theseirestitutionalised or not; (2)
processes where reflexive work takes place, allgvatudents to consciously build
capital that can give them agency in negotiatingllehges such as later during
transition; and (3) learning systems that suppeatriing for understanding, ‘learning
to learn” and engagement with students’ imaginédréuidentities in a coherent way.

We believe that these mechanisms of support haw®riant messages to
contribute to the discussion of how best to suppgtutients in their transition to
mathematics at university.

In the case of our ‘boundary crossers’, the keysags we want to put across
is that ‘third spaces’ should serve not as a ‘stigkplaster’ solution but as a
mechanism of cultural change. Such spaces shouglohte a source for professional
development and for change based on research aticat experience within the
institutional community. For example, Joanne’s lerohkg work is evidently helping
students to cope with the multiple changes thatioet once during transition, but
because her status within the institution (as natllaime member of the lecturing
staff) does not allow her to influence the pract€¢éhe community, the success of her
work is limited. In contrast, Lilian’s brokering woreaches the community further
because of the status that the support centre hlam the institution. She is able to
provide feedback to lecturers, influencing in thisy the practices of some of them.

In the case of our resilient students, an importagssage is that the ‘risk
factors’, which make these students ‘vulnerablean coecome central to their
development of important educational capital. WWivat are suggesting then is that
learning should incorporate conscious reflectivekyand that this work can be best
achieved by activities that are challenging, bycassion of different and perhaps
opposing ideas, and by teaching content that isemtic and useful. We wonder if
this could be possible in a system that prioritiga®m results’ and ‘league tables’,
and if one day this might change to allow the migjasf our students to be(come)
resilient?

In our medicine students’ case, our key messagwatspedagogies should be
able to ‘speak’ to students rather than alienagenthHere the notion of identity is
vital: ‘real’ doctors solve problems by discussingh colleagues, by independently
researching solutions, by striving to conceptualhderstand. PBL tries to replicate
this and engage students into the community oftipacStudents then feel that what
they are learning is useful, that they are beconmmgi-doctors’, and that they are
being enculturated into the practices of the cattesgrthey have imagined themselves
doing. We should ask then if this could be apptedther subject areas where future
imagined careers are not as clear as those of @dlicme students, and where
pedagogies might not be able to ‘speak’ as directlgtudents’ identities? We then
must ask ourselves, how much of what we expectestsdio do needs to be made
explicit, and where we can structure the curricularways that encourage students to
learn through discovery and self-directed learr{ingich is actually directed towards
a particular goal or imagined future and not ataogfiprocess of the ‘self’)?

Our current ‘knowledge transfer’ project is attemgtto synthesise our work
to impact on policy and practice by creating ‘todls.g. policy briefings, new
projects, think pieces, etc.) that can inform, padg, influence and help our project
partners and others in implementing changes. Taoggirhas been designed around
the goal of sensitively transforming substantiadeagch findings, such as the ones
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presented in this paper, so that they are bestigosd to make a difference in
mathematics education.
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The development of Taiwanese students’ understandyof fractions: A problem-
based learning approach

Hui-Chuan Li

University of Cambridge, UK

Problem-based learning (PBL) was first implemented medical

education at the McMaster University in Canadahim late 1960s. Now,
we are seeing an explosion in the use of PBL irvaisous adaptations
across many levels and subject areas. This papédinesu some
preliminary findings from a one-year PBL teachingtervention on
students’ understanding of fractions in a Taiwanddgth grade

mathematics classroom. The purpose of the studwo$old. Firstly, it

seeks to investigate the process of implementing iABhe context of a
Taiwanese elementary school. In doing so, it ainkdlp others to gain
some usable insight by showing them this inteneentas it really was.
Secondly, it aims to understand what impacts @&seri PBL intervention
has on the students’ understanding of fractions @mdadd to the
knowledge base on the teaching and learning ofidras

Keywords: problem-based learning (PBL); understandng of fractions;
teaching and learning mathematics in Taiwan.

An introduction to problem-based learning (PBL)

PBL has been a popular topic of research and dismusamong educators,
educational psychologists and researchers. lts rt@poe has been highlighted by
many studies and documents. PBL was first impleeteit medical education at the
McMaster University in Canada in the late 1960se Thodel for student-centred,
problem-based, small-group learning took shape @waster 40 years ago. Now, we
are seeing an explosion in the use of PBL in itgous adaptations across many
levels and subject areas.

PBL stands in the philosophy of social construstivi(Savery and Duffy
1995). That is to say, in a PBL environment stusleemgage in social learning
activities that involve hands-on problem-basedasituns and utilisation of discipline-
based cognitive tools, and they work as groupsnjpose meaning on the knowledge
that they construct through the social learningcess. Therefore, learning is a
process, not a product. The practices compatibth wonstructivist views through
PBL approaches may vary from subject to subjecgdneral, there are three main
characteristics of PBL that contribute to its psaiegdrbenefits.

The first characteristic of PBL is the problem-@rivcontent structure. The
content of a PBL lesson is organised as a probleanseries of problems rather than
in a textbook form. These PBL problems are challempg open-ended and
contextualised. The second characteristic of PBL the inquiry-based and
collaborative learning processes in which studemsk as groups to solve problems
and learn from small group collaborative interatcsiorather than being taught by the
teacher. The third characteristic of PBL is thedsti-centred situation. In PBL,
teachers are not in classrooms to deliver knowletdgstudents, but are there to
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facilitate students’ learning. Likewise, students aot in classrooms to wait for their
teachers to give them instruction, but are thereotwstruct knowledge and establish a
new level of knowledge through the process of waghkwvith group members.

Students’ difficulties with fractions

Davis, Hunting and Pearn (1993, 63) argue that t#hehing and learning of fractions
is not only very hard; it is, in the broader schesh¢hings, a dismal failure.” Such a
guote is shocking, but, unfortunately, research hgseed that fractions have
continued to be a difficult topic of elementary hehatics over the years. The
difficulty that students encounter with fractiorsslargely attributed to the complex
relationships between different representationskaasic arithmetic operations. Their
symbolic form simultaneously represents many cotscéferen 1988). For example,
2/3 is part of a whole, a rational, a ratio, a nemin its own right (Mack 1990), a
location on a number line, a representation ofsitivi, an operator and an operand
(Dienes 1969); 2/3 of something is different frdme humber 2/3.

Studies show that many students hold a limited wévractions and that is
one of the causes of their difficulties in thisaré has been long argued that the
concepts that children are encouraged to congtistthools lead to a limited view of
fractions, since students are, traditionally, tawgborithms about fractions with little
attention to any meaningful grounding in this arnéamii and Dominick (1997, 59)
also claimed that “when we try to teach childrenntake relationships between
numbers by teaching them algorithms, we rediresir #ktention from trying to make
sense of numbers to remember procedures.” Schariehioften have only a brief
exposure to many concepts and procedures of frectihi (2006) examines
Taiwanese students’ conceptual and procedural ledye of fractions at ages 12 and
13 and concludes that there is a perceived indgualthe procedural and conceptual
developments of Taiwanese students regarding dractiMany of them may be able
to use algorithms to do a wide range of operatregarding fractions, but they do not
necessarily understand the concept that undeheesperations.

The purpose of the study

Before describing the purpose of this study, ihépful that the reader be familiar
with some educational contexts of Taiwan in whibk teaching intervention was
located. Mathematics teaching in Taiwan is strongiffuenced by the constant
preparation for examinations. Birenbaum, Tatsualdiéin (2005, 175) describe that
the examination culture in many Eastern Asian awesmitreflects “a nationwide
obsession with excelling in exams.” Such an exatiunaculture may partially reflect
the teaching and learning of mathematics in Taivilamost mathematics classrooms
in Taiwan, students sit individually and rarelyardct and work as groups. Lecture-
based instruction dominates classroom activitiga @nd Tsao 1999). Further, the
majority of Taiwanese teachers also tend to “preatitional settings” (Yang, Chang
and Hsu 2008, 527).

Earlier, Leu (1996) examined the teaching and legrof fractions in Taiwan
and concluded that working with fractions often ldraged students and teachers
alike. For Taiwanese students, they may have ldamdot about fractions both
procedurally and conceptually; however, their &piio use this knowledge may
remain under-developed. In view of the potentiahdfi,s of PBL to students’
development of a higher-order understanding of sratitical ideas, | therefore
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proposed to undertake a one-year PBL teaching vewéion on students’
understanding of fractions.

While a great number of studies have offered a thezfl empirical evidence
to the potential benefits of PBL, it remains liké'dack box” (Hak and Maguire
2000) without sufficient information and details whplementation varied among
different programmes. Many challenges and problenay arise to obstruct the
development of cooperation and interaction in halPBL classroom situations,
since cooperation does not necessarily occur whuelests are put together and asked
to work in groups. Recently, a new focus of redeaattention has been paid to
understanding the essential mechanisms underlyiagsituation being investigated
and, therefore, framing research as a case of a er@ompassing phenomenon with
the aim of providing more educational value to tinelerstanding of the relevance in
real-life classroom settings. Therefore, the puepofsthe study is twofold. Firstly, it
seeks to investigate the process of implementing PBthe context of Taiwan. In
doing so, it aims to help others to gain some @saidight by showing them this
intervention as it really was. Secondly, it attesnjat understand what impacts a series
of PBL intervention has on the students’ understapdf fractions and to add to the
knowledge base on the teaching and learning ofidras.

Participants

The participants in this study were one fifth gragacher (Miss Lee) and her thirty-

five students (19 boys and 16 girls). Both the lhea@nd students encountered PBL
for the first time. Miss Lee considered her teaghéis a primarily lecture-based and
textbook-driven style. The results from the studemerviews also provided some

confirmations of it. They all described that theagular mathematics lessons were
that Miss Lee talked and they listened. They haedlged questions, expressed their
thoughts or shared ideas with other students dlesgpns.

Four teaching units during the intervention

The main structure of this intervention was desighg me, in discussion with Miss
Lee, and carried out by her. In the classroom blved myself in the role of
‘observer-as-participant’, in which my identity asresearcher was clear to the
students and | was there to observe what was gamng the classroom without
taking part in the teaching activities.

According to the fraction-related studies and th&@wBnese mathematics
curriculum, four teaching units were designed: BBsic Constructs of Fractions;
(2) Equivalent Fractions; (3) Multiplication of Fteons; (4) Fractions, Decimals and
Percentages.

In general, the PBL process in this study followbdee steps. | use the
following problem, which was drawn from the teadchirunit of fraction
multiplication, to further illustrate these threess. The objective of this problem was
to help students conceptualise the rule of muliigyfractions (multiplying tops and
multiplying bottoms).

Problem: Jenny’'s mum made a square-shaped cakeffdiirthday. At the party,

half of the cake was eaten and then the rest puhenfridge. The next day,
Jenny’s brother ate 2/3 of the remaining part efdhke.

Please first work in a pair to discuss how you wofdld the coloured paper
provided to represent how much cake Jenny’s brdthdreaten and then share the
pair work in groups.
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The first step was to launch a problem. Miss Ledroduced the
problem/activity to students. The second step veasdive the problem through
group/paired discussion. Students worked as grpajps/to explore and solve the
problems and Miss Lee circulated among groupsldinaés. The following quotes

were drawn from group/paired discussion over tioeeghentioned problem.

‘This is easy. Jenny’s brother ag‘exg -2 :% , but how do we fold the paper to

present it?’ 236

‘First fold the paper in half, like thii Halfl , but what we do next?
Erm, a bit challenging.’ -

‘Miss Lee, are we allowed to use a ruler?’

The third step was to conduct a whole class disocnss/er the problem being
investigated. Students articulated their solutiimthe whole class and gave/received
feedback to further reason the problem. Duringviele class discussion over the
problem above, Miss Lee invited students to commedod to show how they folded.
Several students raised their hands. Miss Lee @itkee students to come forward.
Miss Lee used one of their folding approaches, hasva below, to further guide
students to discuss whyy, 2 _1x2 _2

23 2x3 6

.

Data collection methods

In terms of investigating the implementing procegsthe intervention, data were
collected from school and classroom observatioeachter and student interviews,
audio- and video-recordings of all the lessongd fieotes, researcher diaries and the
post-implementation open-ended student questiomnéir examining the students’
understanding of fractions, | collected data froassroom observations, audio- and
video-recordings, field notes, group discussiorespthe post-unit (PU) tests and the
post-implementation (PI) test. Group discussionesolvere that each group was
required to note down about what they had discudsetig group discussions. The
PU tests comprised a series of questions, eachhafhwcontained both open and
closed questions that related to the conceptseotdaching unit; they were given to
students at the end of each unit. The PI testrjpurating identical questions in the
PU tests, was administered to all students threxksvafter the intervention had been
completed. The comparison between the results titenPU tests and the PI test
provide an insight into the retentive effect of thetervention on students’
understanding of fraction sense.

Preliminary findings

Some preliminary findings from this one-year PBleivention are presented
here. In terms of the implementing process, thesrewthree main phases: the
beginning (Lessons 1 to 5), the middle (Lessons 62) and the later parts (Lessons
13 to 19) of the intervention. During the beginnipgrt of the intervention, it was
evident during classroom observations that afterablem was launched, although
some students might remain indifferent or quietstrgiudents got together for the
discussion and looked like they were enjoying thecuksion. The classroom
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atmosphere appeared harmonious and relaxed. Missalse told me that she was
satisfied with the involvement of students’ papation in the activities during this
beginning phase. Nevertheless, many difficultiesl amallenges were gradually
arising and needed to be addressed during the enjilt of the intervention; for
example, “students talk off topic”, “students dog#t along”, “students’ disruptive
behaviour” and “teacher being angry”.

It was not surprising to know that many things etééel the process of the
implementation when creating a more learner-driglassroom. However, for Miss
Lee who was accustomed to being a traditional &rache appeared to be struggling
with the aforementioned challenges. She thus temdagse a more custodial pupil
ideology and a generally more authoritarian apgroac demand immediate
compliance from students for maintaining controgéiothe class and running lessons
smoothly As Clark (2006) notes, due to the longthmtdagogical beliefs, even the
best-intentioned teachers can easily slip intoiticahl teaching approaches. It was
also observed that, during the middle part of titervention, Miss Lee struggled to
balance the teachers’ teaching desire and the PiBtiples. Often she ran counter to
the principles of PBL, of which she seemed haralpr@. For example, a whole class
discussion became teacher summary time.

As Reeve et al. (2004) suggest, the possibilitycating learner-driven
classrooms is in the hands of the teacher; howeealjng with challenges in a PBL
environment is not a single competence which sugidemerges in the teacher. By
the later part of the intervention, it was obsertteat Miss Lee appeared to gradually
gain in classroom experience; suggesting that pusviexperiences helped her
develop some strategies and take more appropeathér action. For example, in
terms of her classroom management, there was ageh&mom straightforward
coercion to a better communication style.

Earlier, when Miss Lee saw dysfunctional group waske would usually
immediately deliver punitive measures to the grfeig. asking them to stand up until
they were told to sit down) as a consequence of thdure. During the later part of
the intervention, she would try to explain to stuidevhy they were being asked to do
the tasks in groups and emphasise the importandesaifission to their learning. The
attitude used by Miss Lee to deal with the situaabove showed a hint that she was
changing from merely ‘doing things’ to the studetdwards ‘working with’ them.
Further, instead of acting as only one authoritafigure in the classroom, she began
to share some of her authority with the studentsite charge of their group off-task
behaviours. The frequency that she gave directiieakito students’ problems also
decreased over time. She would redirect the quest@aldressed to her back to the
group. This suggests that she appeared to acsa®iea mathematical-content expert
in class.

In terms of the impacts of the intervention on shedents’ understanding of
fractions, the results of the students’ performanioetween the PU tests and the PI
test show that the students performed better inPthéest than the PU tests. It is
important to note here that there could be mantpfat¢hat would have contributed to
the fact that the students generally did betteh@&PI test than earlier in the PU tests.
Nevertheless, as far as the scores were conceimedhcreased scores might imply
that this PBL intervention may have a positive igtpan the students’ understanding
of fractions. Further results will be offered irethear future. Incidentally, this test
result seemed to be a source of encouragementigsr IMe. She mentioned,

| am glad to know this result. | didn't expect thlagy would be able to do better
in the PI test. | thought they would forget mostloé concepts introduced during
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the lessons and perform much lower in the Pl.dhseto work, doesn'’t it? | may
involve this kind of teaching more in my teachiaihough it is challenging.

References

Birenbaum, M., C., Tatsuoka and T., Xin. 2005. leasgale diagnostic assessment:
comparison of eighth graders' mathematics perfocmanthe United States,
Singapore and Israghssessment in Educatid2(2):167-81.

Clark, A. 2006. Changing classroom practice toudelthe project approadBarly
Childhood Research & Practic®(2). Retrieved June 1, 2007, from
http://ecrp.uiuc.edu/v8n2/clark.html

Davis, G., R. P., Hunting and C., Pearn. 1993 Wght a fraction mean to a child
and how would a teacher knowBurnal of Mathematics Behavid2(1): 63-
76.

Dienes, Z. 1973The six stages in the process of learning mathesidew York,
Humanities Press.

Kamii, C. and A., Dominick. 1997. To teach or nmtéach algorithmslournal of
Mathematics Behaviat6: 51-61.

Kieren, T.E. 1988. Personal knowledge of rationahbers: its intuitive and formal
development. INumber concepts and operations in the middle ggaelds. J.
Hiebert and M. Behr, 162-81, Reston VA: Nationali@ail of Teachers of
Mathematics.

Hak, T. and P. Maguire. 2000. Group process: Thekdbox of studies on problem-
based learningdcademic Medicin&5: 769-72.

Leu, Y. C. 1996. Elementary school teachers' kndgeeof fractionsJournal of
National Taipei Teacher Collede 427-60.

Lin, F.L. and L., Tsao. 1999. Exam maths re-exachifeRethinking the
mathematics curriculupeds. C. Hoyles, C. Morgan and G. Woodhouse, 228-
39, London: Falmer Press.

Li, H.C. 2006. A comparative analysis of Taiwanasd English students' conceptual
and procedural knowledge of fractions at ages t1&n Unpublished MPhil
thesis. Cambridge, University of Cambridge.

Mack, N. K. 1990. Learning fractions with understeny: building on informal
knowledge Journal for Research in Mathematics Education, 23-32.

Reeve, J., H. Jang, D. Carrell, S. Jeon and JhBafH4. Enhancing students'’
engagement by increasing teachers' autonomy suppatitzation and
Emotion28 (2): 147-69.

Savery, J. R. and T. M. Duffy. 1995. Problem bdsadhing: an instructional model
and its constructivist frameworkducational Technologg5 (5): 31-7.

Yang, F. Y., C. Y. Chang and Y. S. Hsu. 2008. Teaelews about constructivist
instruction and personal epistemology: a natiohadysin Taiwan.
Educational Studie84(5): 527-42.

From Informal Proceedings 31-2 (BSRLM) available at bsrim.org.uk © the author - 30



Smith, C. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 31(2) June 2011

Researching Primary Trainees’ Choice of Examples: fie Findings
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This paper reports on the findings of a doctoratlgtexploring primary
trainee teachers’ choices of mathematical examghesthe relationship
between this and their mathematical subject knogédedThrough a
combination of interview analyses and lesson plgathered from the
final school placement of one cohort of BachelorEaucation trainees,
some approaches appear to be commonly held beé&si@bout the nature
and purpose of examples in the planning and teggriocess. This paper
presents the research design and summarises ttems from the data.

Keywords: Primary, Trainees, Examples.

Introduction

When teachers plan to teach mathematics, they drawnany examples to either

demonstrate a concept or provide opportunitiesldarners to practise skills and

procedures. The examples used by primary traireghégs, it is suggested, are often
chosen without suitable consideration of learnestfengths, weaknesses or
misconceptions. Whilst there has been researchenhoice of examples by teachers
in secondary mathematics, detailed empirical reteaf primary mathematics or for

trainee teachers is relatively scarce. In thisstio cohorts of final year trainee

primary teachers were invited to submit lesson kan analysis and a sample group
was interviewed to try to identify the theoretiG@meworks trainees use for planning
mathematics and their approaches to choosing examiolr learning. The data

collected were then analysed using a multiple csteely approach against a
conceptual framework based on the Knowledge Quagtstarch of Rowland et al.

(2009) and the development of the notion of exanspkeces by Watson and Mason
(2005). The analysis sought to identify commonegiin the way the group of trainees
approached planning mathematics and draw insightheir rationales for choosing

mathematical examples. Each trainee’s planning wesritinized against the

theoretical background in the literature and cosiolis were drawn regarding the
methods of planning adopted, the examples chosdntlen possible links between

these actions and the trainees’ levels of mathealatubject knowledge.

Literature

Teachers’ knowledge for classroom practice was epinalised in a seminal work by
Shulman (1986) in which he sets out categoriegacther knowledge. His work has
been used widely in developing approaches to dpirejoand assessing teacher
knowledge, particularly in work arising from the pfamentation of Circulars 10/97
and 10/98 (DfEE 1997, 1998). In these documentsjctlar coverage for Initial
Teacher Training (ITT) in the United Kingdom was get. Three of Shulman’s seven

From Informal Proceedings 31-2 (BSRLM) available at bsrim.org.uk © the author - 31



Smith, C. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 31(2) June 2011

categories focus directly on what can be calledteainknowledge, these being
subject matter knowledge, pedagogical content kedgé and curricular knowledge.

The role of knowledge in the development of a pryn@ainee teacher has
been examined by mathematics educators and govaetratiee, each arguing for the
content of a teacher education curriculum in matiteas. The concern with subject
knowledge, particularly for primary trainees, haei growing since Alexander, Rose
and Woodhead (1992) felt that strengthening teathsrbject knowledge would
contribute to the aim of improving standards in meatatics. A later evaluation of the
first year of the National Numeracy Strategy in EBng (Ofsted 2000) located
weaknesses in teachers’ mathematical subject kuipele

This study examined the examples chosen by a nuoilderal year Bachelor
of Education (B.Ed) primary trainee teachers. Type$ of examples were analysed
during consideration of the lesson plans, but i Walpful to have a typography and
an understanding of the possible types of exanti@erhay be encountered. In order
to analyse trainee teachers’ examples, it was sape$o have a clear categorisation,
or framework, against which to relate the trainedsices. For this purpose, one such
categorisation is that presented by Watson and M&2005). Whilst they focus on
the role of learner-generated examples and thendalyes of using such examples to
enhance mathematical learning, they set out a numbeefinitions of examples
which help to clarify the differences between typdsexamples that might be
constructed and used by teachers or their pupils.

Using the notion that mathematics is about makimmegal statements
regarding the “actions carried out on objects” (dMa010), the categorisation of
examples which Mason and Watson set out consitiatsall examples are used to
enable a learner to generalise from them. Theyeptdke following types:

. lllustrations of concepts and principles
Placeholders instead of general definitions andrédmas
Questions worked through in textbooks or by teacher
(worked examples)
Questions to be worked on by students (exercises)

. Representatives of classes

. Specific contextual situations
These types can be used in the process of exeoapilfin, that is:

to describe any situation in which something speds offered to represent a
general class with which the learner is to becoamailfar — a particular case of a
generality. (Watson and Mason 2005, 4)

The data collected was also scrutinized using treméwork of the
‘Knowledge Quartet’ developed by Rowland et tal see the extent to which final
year primary trainees use elements of the Quadeplan lessons and choose
examples. The analysis also gave scope for usisgfdimework to support future
cohorts of trainees. The Knowledge Quartet setdatdcus on the “classification of
the situations in which mathematical knowledge teaching surface in the
classroom” (Rowland 2008).
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The Study: Context and Methods

The study reported here began during the 2007/@eac&@ year in one ITT institution.
Data was collected from two final yeaf{¥ear) cohorts of the B.Ed programme and
included the following range:
. School placement data in terms of year groups taugh
. GCSE and A-level grades in mathematics prior tdista
the course
. Mathematics interview test data — item scores atals
. Mathematics module assessments from each yeareon th
course
. Diagnostic Numeracy Test scores from early in tfle 1
Year
. Results from ‘Confidence Counts’, an additional
mathematics support module
. Trainees’ self-audit of subject knowledge for matlaécs

In Phase | (2007-08), 22 trainees brought a catleadf plans to be used as
data. This was around 400 separate lessons, cgwerange of pupil year groups and
mathematics topics. In Phase Il (2008-09), 1&&@s$ brought around 300 separate
lessons to be used as research data, coveringga @npupil year groups and
mathematics topics. By separating the year grongdg@pics, it was possible to focus
the analysis of examples to those year groups @uidst which offered most data, by
selecting as cases those trainees who had tauggs tbpics and in those year groups.
The sorting demonstrated that Year 3 and Year dofes were most commonly
represented in the primary range, followed by tHos® the Reception year. Trainees
tended not to have placements in Year 6 classethaoschool preparation for
Standard Assessment Tasks (SATs) at age 11 istestupted. The most common
topics were addition and subtraction, which accedtior 66 plans, followed by 52 on
multiplication and 42 on 2D and 3D shape.

As well as lesson plans, resource materials suetodssheets were collected,
both published and ‘home-made’ by either the trsner their placement class
teachers. The published resources tended to canedrlimited range of materials,
with only a small number of educational publishcampanies being used. Amongst
the material from publishers are mostly pupil textks, with pages allocated to
different topics, demonstrating particular concepgsway of a range of examples.
These examples form part of the analysis. Selfqored worksheets are generally
variations of those found in published materials] anodified to suit the particular
needs of a teacher and their pupils. The modiboatiare most often based on the
notion of differentiation of tasks for the attainmeange of the group or class for
which the worksheet is designed.

By considering the range of data for each traiite@as decided to give each
trainee an overall grade in the range A, B, C thdate whether they were likely to be
of higher attainment, middle attainment or loweiaiment relative to the cohort.
This grading was largely the researcher’s subjecatiecision and was not arrived at
by trying to calculate an overall result by anynfioitaic process, but sought to allow
the selection of the case study students to fopurposive sample which, as fairly as
possible, represented the range of students frooncohorts in terms of their past
achievements, which informed my assessment of tpetential for teaching
mathematics.
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The decision to choose the trainees to be the seas studies was therefore
then taken based on the following criteria:

. Year 3 trainee in either of the 2005-08 or 2006:680rts

. Completing final school placement in the springrtesf
Year 3

. School placement was in Key Stage 2 and one aitbet
common school year groups

. Willing to submit mathematics lesson plans fromafin
placement

. Mathematics topics taught were amongst the most
common represented in the collection of lessongplan

. Willing to be interviewed about their planning and

examples

. A selection of trainees from each of the A-C oueral
grading

. Interviews produced good quality data in suffitidapth
for analysis

From the data and the criteria, seven trainees welected for analysis of
interview responses and lesson plans, againsteearch questions and literature
themes.

Pre-course No. of
School . Lesson Grade for
Ref. data Interview
Pseud. Year Y1 | Y2 | Y3 | plans case
No. G (GCSE, A- | test score . )
roup given for choices
level) use
EDO6 Suzy Y4/5 AB 70 62 68 78 25 A
ED13 Dawn Y4 B 50 65 571 80 22 B
ED18| Sharon Y4 A* A 90 71 671 68 33 A
ED21 Victor Y3/4 C 15 53 53 48 8 C
ED24 Naomi Y4 C n/a 40 4% 4D 21 C
ED26 | Rachael Y3 B 71 60 58 65 19 B
ED37 Andy Y5 B 42 48, 57 64 20 B

Results and Discussion

This paper reports analysis of the data collectechfPhases | and Il in terms of
obtaining an overview of the range and scope d déthin the lesson plans and how
the interview outcomes provide insight into the ragghes trainees use when
planning mathematics lessons and selecting examphesfindings from the study are
given briefly here in relation to the research does. With regard to the first
research question ‘What pedagogic considerations dmhort of trainee primary
teachers use when choosing mathematical examplée inlassroom?’, the findings
suggest that trainees use a variety of approathese being broadly summed up as
‘reliant on the Primary Strategy’, ‘reliant on othsources’ and ‘use of their own
knowledge’.

The second research question was ‘How do thesegpgtaconsiderations fit
within current theoretical frameworks in primary tlm@matics pedagogy?’ This
resulted in finding generally that primary traindesm the study are mostly able to
recall aspects of theory from various module ass@ms during their course, but
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were collectively rather inconsistent in considgriany theoretical frameworks
specifically when planning to teach mathematicse Wiird question asked ‘Is there a
relationship between the cohort of primary traindegel of mathematical subject
knowledge and the types of examples they selest®gponse to this question, each
of the trainees identified with the idea that sabjaowledge is related to choice of
examples. However, their views on the range angesad subject knowledge and
their understanding of mathematical ‘examples’ ted blurred interpretation of the
relationship between subject knowledge and examples

The higher attainers demonstrated greater undeliataof the ‘knowledge —
examples’ relationship and believed in each caaettiey chose better examples but
also pitched their lessons at a level too diffidalt pupils. The middle attainers had
varying mathematical competence but firmly believieat better subject knowledge
led to better examples being chosen. The two |l@ttainers had different views; one
lacked confidence and needed more help with suljaowledge and choosing
examples, which he did not regard as being relatbdst the other was confident but
recognized she was still learning and felt thatdseétnowledge of the pupils helped
her choose better examples.

Amongst all the trainees, there was ample evideimcéboth interview
discussions and from examples on lesson plans ahahe case study trainees,
regardless of attainment, used differentiation keyafeature of their examples. There
were many instances of trainees talking aboutistaadff with easier examples, so
that every pupil could do them, and then makingetkemples progressively harder in
order to challenge pupils of middle and higher iatteent. This finding was not
anticipated from the research questions but wasrdmirectly from the collected
evidence and emerged during the analysis phas&ingback through the interview
data, it is also apparent that none of the traivees were in the case study group
mentioned the importance of assessment in choosxamples, even though
assessment can be regarded as a theoretical garspianay have been interesting
to explore this aspect, relating trainees’ choittegheir assessments of children’s
prior learning.

Summary

The data collected in this study has provided aight into the subject knowledge
and choice of examples by two groups of primaringas. From a small, self-selected
sample of final year B.Ed trainees, there is somelemce that awareness of
theoretical influences is weak, subject knowledgetioues to be a cause for anxiety
and the process of selecting examples for teadmaglearning mathematics is rather
more random than pedagogically planned. In ordezxtend this study, one of the
most beneficial approaches would be to combine dallaction of lesson plans and
interviews with other data such as video-tapingee$ons, interviews before and after
the lessons with the trainees, and interviews wither participants in the lessons,
such as teaching assistants and the children. oVidpes from lessons can be
analysed in their own right, but could also be useddeo-stimulated reflection with
the trainees to enable them to focus on aspedtseofpractice which might improve
when they see their teaching from the perspectiabserver.
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The Discursive Construction of Learning Mathematics

Jenni Ingram, Mary Briggs, Keith Richards and Pdadmston-Wilder

University of Warwick

The nature of mathematics, the nature of belietsuimathematics and
what it means to learn mathematics have long bésuskion points in
mathematics education (Thompson 1984; Boaler, Wiliaand
Zevenbergen 2000). The research discussed ipapisr focuses on what
iIs said in the classroom during whole class tearl@pisodes. Using
transcripts from two secondary mathematics teacheesexamine how
the learning of mathematics is discursively cored by the teacher and
his/her pupils. This conversation analytic apphoases only the content
of the interaction to describe the nature of matheral activity in that
interaction. We cannot directly access the beliéfeeachers and pupils,
but an examination of how they talk about mathecsateveals how the
learning of mathematics and classroom mathematas loe jointly
constructed by a teacher and his/her class in dufferent ways.

Conversation Analysis, classroom mathematics, disacse.
Introduction

What it means to learn mathematics is at the fw#artathematics education research.
Different perspectives have evolved over the yeard with these perspectives, and
the developments in technology, new research twols developed. In this paper, we
use a conversation analytic approach to examinditoairsive construction of what it
means to learn mathematics in two classrooms. Bh&en of mathematics, nature of
beliefs about mathematics and the connections witiat it means to learn
mathematics have featured in the mathematics dduachterature for a long time
(Thompson 1984; Boaler, Wiliam and Zevenbergen 200&ven though we cannot
directly access the beliefs of teachers or pupilsgxamination of how they talk about
mathematics and learning mathematics can revealthewearning of mathematics
and classroom mathematics is jointly constructed bgacher and his/her class.

Conversation Analysis

In this paper, a conversation analysis approactadepted for analysing two

contrasting whole-class episodes.  Conversationlysina is underpinned by

ethnomethodological principles such as the behet &actions and interactions are
socially ordered, and that this order is observadhlethe researcher and by the
participants in any interaction (Garfinkel 1967he origins of conversation analysis
lie in the lectures of Harvey Sacks (1995) and ds tsince been developed and
extended in many disciplines (Drew and Heritage2]l ®chegloff 2007). The key

focus of any conversation analytic approach tomadlfuoccurring interactions is how

the participants in an interaction jointly createe tmeanings and activities of the
interaction, and how it is that these participamtent to these meanings.
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Turns at talk are resources that the teacher apdspuse to perform social
acts (Seedhouse 2005) and conversation analysisimas the organisation of these
social acts in interactions. Conversation analgiscribes and analyses how the
participants themselves interpret each other’soastithrough the construction and
order of their turns.

The two extracts included in this paper cannot Heqaately understood
without reference to the interactional context ihiehh they occur. The aim of a
conversation analysis approach to analysing th&seaictions is to determine which
features of the context are relevant to the intema@at a particular moment during the
interaction. However, context in the sense usethim paper does not refer to the
physical, social or cultural environment that theeractions took place in, but to the
context that the participants themselves have maldeant through their interactions.
This context is dynamic: what it means to learnheatatics as it is constructed by
the interaction can alter and change through thgswa which the participants
construct their turns. It is also entirely possithat what the participants describe in
their words can differ or even contradict what tlaeg doing in their turns, but this is
beyond the scope of this paper.

It is the different possibilities for constructimgassroom mathematics by the
teachers and pupils that are the focus of this paji@scussions around what the
teachers believe about the nature of mathematibswrpupils learn mathematics are
not considered. The perspective makes no attemgittier extend the analysis to the
cognitive processes of the participants or to Usesd processes to explain the
participants’ use of turns in the interactionstamgeneralise to other mathematics that
the teachers and pupils do. 1 first offer a sleattact to illustrate how the learning of
mathematics and school mathematics is discursieehstructed by the teacher and
his pupils. A second extract is then offered tandestrate a contrasting discursive
construction of school mathematics. The two extraonsidered are chosen because
they illustrate the points being made in this paped cannot be used to make
generalisations about the mathematics that théées@nd pupils do in the respective
classrooms.

Methods

The two extracts included in this paper are takemfdetailed transcripts of whole-
class interactions. Video and audio recordings 13f lessons in secondary
mathematics classrooms in the UK were made. Feaghers with a class of 12-13
year old pupils were recorded over a period of @ksewith between 3 and 6 lessons
recorded for each teacher. The data collectedarsidered to be naturally occurring
in that the teachers were given no guidance ashet o how to teach and were told
only that the researchers were interested in wblales interactions. These video and
audio recordings were transcribed according to Xéferson transcription system
(2004), though for ease of reading, not all featw@e included in this presentation.
The choice of extracts was based on a need to offetrasting examples of
the discursive construction of mathematics. Bathragts begin with the teacher
beginning a task that links to tasks that were deted in a previous lesson. In the
first of the extracts these links are specificafigntioned in the transcript but in the
second the links are not made until later in theraction and are not included here.
These extracts include instructions of how to catgthe task and what is expected
of the pupils. Whilst a conversation analytic aygmh would normally include longer
sequences of interaction, restrictions on spaceertfak difficult. The analysis of the
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extracts is undertaken within the wider interaclocontext of the extracts, but only
the turns presented here will be the focus of #sxdptions offered.

Findings

The first extract presented is a brief extract iimgy of two turns of interaction
between Simon and Charlie. A brief reading ofek&act will soon make the reader
aware of the institutional identities of the twartg@pants. Simon is introducing the
task, controlling the resources, and controllingovdan take the next turn and what
can be said in this turn. There are also sigmfigguses during Simon’s turn, during
which none of the other participants in the intaoac select themselves as next
speaker (McHoul 1978, Ingram 2010). Even when Sitmas asked a question which
requires an answer there is a pause of 0.9 seaotide 25 where no one self-selects
to speak, though a few participants have raiseul biaads to bid for the turn, and is
followed by Simon nominating Charlie in line 26take the following turn and in line
27, give an answer to the question. The intonatib@harlie’s answer is that of a
guestion, a strategy often used by pupils (Row2®@0, Ingram 2010) and Simon’s
turn that follows immediately latches onto Chadi¢urn on its completion. Charlie
does not nominate Simon as the next speaker.

001 Simon: okay part two:. do you rknow that little bit of paper |

002 gave you yesterday with the table on and we filled in
003 one side.

004 (1.2)

005 I'm going to a:sk you today to do some practice on this
006 and before we do that (.) | just want to go through

007 another example just to remi ___nd everyone

008 (0.3)

009 of um

010 (1.5)

011 of how it's done. so can we just li-, the other sid e
012 that we haven't filled in.

013 (7.2)

014 it's this one here you should have one, ooops, you

015 should have one that looks a little bit like this.

016 (0.8)

017 ok?

018 (1.1)

019 now I'm going to be honest with you, | was talking to um

020 (1.8) ((teacher pulls down projector sheet and then up
021 again))

022 | was talking to Mrs Smith the other,ye = sterday and she
023 thinks I'm being much too nice to you when | did th is
024 table. do you know why.

025 (0.9)

026 Charlie.

027 Charlie: ‘cause you gave us the extra column?=

028 Simon: =what instead of, ye- ye:s! because | gave you that

029 extra column there.

030 ((teacher points to the third column on the project ed
031 table))

032 because (0.4) some times in the exam they won't give you

033 that extra column they'll just give you these two, and
034 they'll expectyou ~ tokno w (.) that it might be useful

035 (.) to put this extra column on, do you know what |

036 mean. and in a minute, when you do some practice fr om
037 the text book it's the same thing. they just give y ou
038 this bit of the table and the ___yexpectyou  to use your
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039 initiative (.) to dra ____win the extra column to do it. ok.

040 well let's go through these then, the mo __:de, theme _ dian,
041 the mea nandthera _ nge. | think we'll leave the mean

042 till last because it's a bit like the mea ___none.um Alex

043 and (.) Chris, paying attention now specially, righ ta ny
044 offers anyone for telling me what, m-why ____ of course we

045 always want to knowwhy  ()whatthemo  de, the me dian

046 the meanandthera _ nge are.

047 (1.7)

048

Extract 1 — Simon and Charlie

In this extract, Simon talks about doing “some pca¢, going “through an
example”, and filling in a table. Each of thesé\aiies is described more than once.
He also talks about reminding his pupils of “howdtmit”, and ‘knowing’ is referred
to again in Simon’s second turn. Towards the ehdhe second turn, Simon
constructs a question that begins to ask what tkangnmode, median and range.
However, Simon corrects himself (initiates a selfair) to say that “we always want
to know why” before re-asking the question in tberf of “what”. In the turns that
follow but are not included in this paper, eachiref mean, mode, median and range
are calculated by the pupils and are followed byriaf description of how it was
calculated. For example, “three is the mode bex#issthe most common one.” In
this brief exchange of three turns, learning matt&s is constructed as going
through examples, practicing examples, and knovand remembering both what
terms mean but also how to answer questions.

In this brief extract, Simon contextualises theksaand activities within a
wider context of school mathematics. He positithese tasks and activities within a
specific time frame and plan that Simon has fos tesson. He begins by situating
the task in respect to what has been done previousl lines 1-3, this is done by
explicitly referring to a previous lesson, wher@atines 11-12, the reference is more
implicit in that the sheet in question has beertigiy completed in that previous
lesson. In lines 23-24 and 28-29 he refers topileparations that he has made for
today’s main task, preparing the table which inellithe ‘extra column’. Simon then
contrasts what he has planned for the class tateo in the lesson (lines 5-6 and 36-
37) to going “through another example” as the n#ahned task (lines 6-15), which
begins at the end of Simon’s second turn (lineg@p-

Simon also positions the tasks and activities m l#sson within the wider
mathematics community in the school and the widamenation system. In lines 19-
31 Simon refers to a conversation with another eratitics teacher about today’s
task and then situates this conversation withinctireext of examinations in lines 32-
40, indicating what ‘they’ (the examiners) will @md providing an insight into their
thinking (line 34).

In this extract, the mathematical tasks and adwithave been clearly
constructed as something that can be describedhamlsmathematics. There is a
plan for what the class will do both across a sewé lessons and during this
individual lesson, and this plan is specificallysdissed within the context of
preparing and supporting pupils for their exammradi In other words, the tasks and
activities are part of a school mathematics culuicuwhich are endorsed by other
mathematics teachers in the department and theieeen

In the second extract, Tim similarly constructs tuisy in such a way that his
institutional identity of teacher is clear and gli&imon, Tim is controlling the topic of
interaction, the floor and the timing of the adie$. There are several significant
pauses in which no other participants self-selectnaxt speaker. However, in
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contrast to the extract above, two other partidipalo self-select (lines 25 and 26),
and overlap, to answer the question that Tim agWsrds the end of his turn. This
self-selection occurs after a pause of 0.8 sec@m#s24). However, Tim’'s reference
to doing ‘the first one together’ in line 22 imptlg directs the question to the class as

a whole, allowing self selection and therefore apghe floor to multiple answerers.
001 Tim: Ok

002 (0.6)

003 your fir___ :stthing today, I've put a problem on the board,

004 | will have a problem on the board in about

005 (0.3)

006 30 seconds, ok | want you to look at that. fir ____stquestion
007 is quite an easy one, the second question we have t o need
008 to think about in terms of (.) what it actually mea ns,
009 (1.3)

010 ok. and | want you to tr __yyour best and try and understand

011 (.) how far you can get it done, ok. here is your p roblem.
012 have a go at this. I've just inherited twelve thous and
013 pounds, (0.4) ok and being the generous man that | am |
014 want to donate (.) some of that to charity. but bec ause
015 I'mnotto _ tally generous,

016 (1.2)

017 ok. I'm going to donate one qua ____rter of the twelve thousand

018 pounds, then the following week | want to don ate a quarter
019 of that amount, following week a quarter of tha ____tamount.
020 ok. how much will I donate in ea __ch of the first four

021 weeks, the first few are obviously easy. how much w ill you
022 donate into _tal. ok let's just do the first one together,

023 in week one how much have | donated?

024 (0.8)

025 Drew: thre[e thousand]

026 Chris: [three thou]sand

027 Tim: three thousand pounds.

028 (3.3) ((writes on whiteboards))

029 wee:k two:, how much am | donating if I'm donating a
030 quar ter of that . () Harry?

Extract 2 - Tim, Drew and Chris

Tim describes the task as a ‘problem’ that his Isupeed to “think about” and
“try and understand”. He asks his pupils to trgittbest and “have a go”. He also
twice describes particular aspects of the problem'easy’ and contrasts this to
aspects that his pupils will need to “think aboul?. particular, he describes finding a
quarter of twelve thousand pounds as “obviously®aad combining this with his
direction of the question to the class as a wh@ther than nominating a specific
pupil, he is indicating that the arithmetical cd#tion is not important and does not
need to be thought about. By asking the questionhé class as a whole, the
likelihood that the answer three thousand poundsvien is significantly higher. It is
the question of how much is given away in total eanteractionally constructed as
the important question.

In this second extract, learning mathematics iswt@vely constructed as
solving problems, thinking and understanding. €hisr no mention of practicing,
though the pupils do need to do an arithmeticatudation in order to answer Tim’s
first question. It is also something that the sla® “together”, which is further
reinforced by more than one pupil offering the a@istiiree thousand. Tim uses the
pronoun ‘I’ frequently in his first turn but as aawof personalising the problem. It is
he that is giving away the money, not an artifigiahanufactured individual. Tim
switches between describing the pupils as ‘you’ amcluding them in ‘we’,
interestingly using the pronoun ‘we’ when descripthinking.
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The extract from Tim’s lesson focuses on the ‘peail being discussed.
Whilst it is clear that Tim has planned the probi@imes 3-4), Tim makes no attempt
to situate the problem in a school context. Thee no references to previous or
future tasks and activities, there are no shargectbes or outcomes for the problem,
and no external agency (such as examiners) is ed:othe discourse is focused on
working on the problem in its own right.

Whilst the extracts shared above are necessaiy, Iiney do illustrate how
quickly learning mathematics can be constructed somde of the diversity of the
constructions. The analysis above has focused et ®imon and Tim are doing
with their turns at that particular moment in tinh@ther analysis is being undertaken
of the lengthier sequences of interaction to ineladwider range of social acts that
the participants perform and the relationships betwthese and the learning of
mathematics.

Transcription Conventions

falling intonation contour
? rising intonation contour
[ onset and end of overlapping talk
(1.5) pause, timed in seconds and tenths of a decon
(( )) additional information including non-verkattions
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‘Ability’ ideology and its consequential practicesin primary mathematics

Rachel Marks
Department of Education and Professional Studiésg's College London

‘Ability’ is a powerful ideology in UK education,nderscoring common
practices such as setting. These have well docademtpacts on pupils’
attainment and attitude in mathematics, particulad the secondary
school level. Less well understood are the impakts primary
mathematics. Further, there are a number of comseigl practices of an
ability ideology which may inhibit pupils’ learnind@ his paper uses data
from one UK primary school drawn from my wider doell study to
elucidate three such consequential practices.aingxes why these issues
arise and the impacts on pupils. The paper sugfestexternal pressures
may bring practices previously seen in secondaryhemaatics into
primary schools, where the environment intensifresimpacts on pupils.

Keywords: Ability, Primary Mathematics, Setting, Educational Triage

Introduction

This research, from my doctoral study, examines uhexpected and sometimes
unnoticed consequences of ability-predicated prastsuch as setting. Three issues
representing different ways unintended consequemegsbe enacted are discussed.

Ability predicated practices have increased in pnynschools, particularly in
mathematics, following the implementation of thetiblaal Strategies (Hallam,
Ireson, and Davies 2004). Successive governments hepeatedly called for an
increase in ability-based grouping at both secondard primary levels. These
changes come despite our lack of understandingeofmpacts of ability practices at
the primary level. Our understanding of the impamimes predominantly from the
secondary mathematics literature. This was expdcan earlier work (Hodgen and
Marks 2009, Marks 2011) and for brevity is not @&ised here. Instead, findings
within the three themes are discussed with redpebie key literature.

Research design

The wider doctoral research of which this papex gart was a mixed-methods study
taking the form of a multiple case study. Two dsesrschool environments were
included, although only data from one school — AveRrimary (a pseudonym, as are
all names), with a strong philosophy of settinge-@iscussed.

Sample

The wider project involved 284 Key Stage Two (ag€dl) pupils in two UK primary

schools, one using a high-degree of setting forheraatics and one using limited
setting. Avenue was a three-form entry primary stho Greater London. Pupils
were set for mathematics into four sets in eachr geaup from Year 2 (ages 6-7).
Movement between sets was very limited.
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The study involved Year 4 (ages 8-9) and Year @gat0-11) pupils. This
gave access to a range of experiences, additioalédlying a focus on the impacts of
the mathematics Standard Assessment Tests (SATestedts taken by pupils in Year
6 at the end of primary school) on ability pracsicall pupils were involved in the
quantitative elements of the study. For the qualieelements, top and bottom sets in
each year were selected as focal sets. Within & set, three focal pupils were
chosen by the teacher to reflect the range ofrettant within the set, totalling 12
focal pupils at each school. The focal set teachere also included within the study.

Research methods

A variety of research methods were employed toegatlata at different levels and to
allow for data triangulation (Denzin 1997). Attaiant tests developed at King’s
College London (Brown et al. 2008) were conductéith whe full cohort in October
2007 and July 2008. These allowed the measurememaths ages, of the attainment
gains made by each pupil over the academic yeaditiddally, Nicholls et al.’s
(1990) attitudinal questionnaire was conducted @& pnd post-tests. Quantitative
data were collated in SPSS and descriptive andenfial statistics applied.

Over this same time period, 48 mathematics lessomdving 13 sets/classes
were observed, and 48 interviews were conductet thi¢ 24 focal pupils and 8
teachers to explore their experiences. The quaktalata were collated in NVivo and
analysed using constructivist grounded theory (@laar2006). Both quantitative and
qualitative data are presented in this reportwaiig for the elucidation of key data
trends alongside rich accounts of events as expeie by the research subjects.
Together these provide a fuller picture of the éssdiscussed, allowing for analytic
theory and generalisations to be drawn from tha dat

Findings

Three key themes giving an overview of the issuesing from consequential
practices are presented below. With each, dataactstrare used to illustrate the
findings discussed; these are selected as ty@tatirthan extreme examples.

Educational triage

The notion of educational triage originates in &ilin and Youdell’'s (2000) study
into the allocation of educational resources. Tthescribe it thus:

In a medical emergency triage is the name usedeturibe attempts to direct
attention to those people who might survive (witklph, leaving other (less
hopeful) cases to die. In school, educational &gy acting systematically to
neglect certain pupils while directing additionakources to those deemed most
likely to benefit (in terms of the externally judfyetandards). (134)

Their study referred to the practice of targetiegaurces at pupils attaining at the
grade C/D borderline in the General Certificate Se#condary Education (GCSE)
examinations taken at the end of compulsory schgoliThe aim of such an
intervention was to ensure these pupils attainedhiasimum of grade C, the
benchmark used to construct school league tabldseaternally measure school
effectiveness. A result of this was that pupilsrded unlikely to attain a C grade,
even with intervention, were given the lowest ptjoand least support. A similar
study was conducted by Booher-Jennings (2005) exagithe impact of reading
tests as gatekeepers to Grade 4 entry in Texaertamny schools. Her study showed
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teachers redirected resources to those pupils whuldnsucceed with intervention
whilst taking away support from those pupils unljki® pass the reading test.

Educational triage was applied, knowingly, at AverRrimary. Set 3 pupils
were referred to by teachers as the Cusp Grougselepils were identified as likely,
with support, to achieve a Level 4 in the matheosa8ATs at the end of Year 6 (the
Government target and a measure of school sucddss)Cusp Group was allocated
the “strongest teacher” (Mr Iverson, Year 4) and teachers talked about using a
different approach with these pupils:

With the Cusp Group you have to, sort of, you knpush open those doors a bit
and not be frightened and say right, what aboutehmumbers ... the idea is to
push them up and get them moving. (Mrs Jerretty ¥iea

Whilst the teachers saw this additional input ggpsutive of Cusp Group pupils, they
seemed unaware of the consequential impacts ot $eipils who were deemed
unlikely to attain a Level 4. With the strongesadier placed into the Cusp Group
and the subsequent priority being Sets 1 and 24 $epils in Year 6 were taught by
supply teachers or Teaching Assistants. Additigna#isson observations supported
by teacher interviews suggested the Set 4 curmewl@s bland in comparison to the
Cusp Group. The impact of Cusp Group practices ttainanent can be seen by
comparing the pre- and post- attainment test sdoresach set in Year 6 (Figure 1):

14.00 14.00 ;

12.00 12.00

10.00-

500 @ 8.00

T T T T T T T T
1 2 3 4 1 2 3 4
Set Set

Maths Age 2007
=
8
HI= -
Maths Age 2008

Figure 1: Boxplots showing maths ages for Year @ilpun each set as assessed in October 2007 and
July 2008.

The first boxplot shows that in October 2007, taygathe beginning of Year 6, there
was a difference of approximately one year betwbermedian maths ages of pupils
in Sets 2 and 3 (Cusp Group) and between pupieis 3 and 4. The difference in

the maths ages between Sets 1 and 2 was slighglgrldf all pupils had received a

similar educational input over the academic yda, lietween set differences would
be expected to remain similar. However, as thersktoxplot, showing maths ages
at the end of Year 6 in July 2008, shows, Set Be-Qusp Group — has moved away
from Set 4. Set 3 have made a median maths ageofane year and 4 months, a
gain of over a year more than pupils in Set 4 wiaglena gain of 3 months.

The gains difference between Set 3/Cusp Group atdd Pupils seems to
suggest that the teachers’ differential practices hdive the intended impact of
increasing Set 3 attainment, with these pupilsanget to achieve the coveted Level 4
in the Year 6 SATs. However, this neglects to asklithe impact, both in terms of
attainment and attitude, on Set 4 pupils. In th@erviews, the pupils demonstrated
an awareness of these differential practices:
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Samuel: The different groups get different thingsyant Mr Quinton [Cusp
Group], they have fun.

Peter: He actually makes learning maths fun.

Samuel: | would literally love to move to Mr Quimts group. He's really really
nice but | have Mr Leverton, in class he tellswgaik and then comes
over and whacks the table and goes what are yog@doi

Samuel, who was in Set 4, was aware he receivedrya different mathematical
learning experience to Peter, who was in the Cuspu® Data from further
interviews with Samuel and other Set 4 pupils satgg¢hey hold fairly negative
attitudes towards mathematics and that these cannbpart, attributed to their
experiences in Set 4. Whilst it is not possibleascertain whether the Set 4 pupils
would make more substantial gains if given the3Setperience it does appear that an
ability ideology and associated beliefs allow temshto justify such differential
treatment. An unintended consequence of this islévelopment of self-perpetuating
practices which trap Set 4 pupils into limited gaand hence a belief they have been
correctly placed, resulting in the continuatioraaemedial curriculum.

Restricted mathematical access

One of the commonly held ability beliefs which tears use to justify practices such
as educational triage is the association of legrsityles with ability levels. Many
teachers hold a view that pupils in the highest ae¢ auditory learners whilst those in
the lowest sets are kinaesthetic learners requiingore concrete approach. This
view underlies some of the differential practicesrsbetween sets, reflecting those in
the secondary mathematics literature.

Within top sets, characterised by a fast-paced etitnge environment and
procedural learning, pupils are restricted in theathematics learning due to the
pupils’ perceived need to strictly adhere to thegtd algorithms rather than consider
or develop an understanding of the underlying nratdtes. Additionally, competitive
practices have the potential to enhance pupil§istdrest, reducing peer support and
discussion and hence restricting the pupils’ matkteral experience.

In bottom sets, different practices apply, but fagential again exists for
restricted mathematical experiences. Set 4 teactekgenue talked about caring for
their pupils and wanting to ensure they were nghfened by the mathematics:

We'll only go with numbers up to 500, we won't beirgg up to 5000, or 500000
... I think I'm a little bit sort of, oh, don’t wartb make it too hard, don’t want to

scare them off, keep it small ... for fear of theinsakt of panicking and freaking
out. (Mrs Jerrett, Year 4)

With the intention of reducing pupils’ fear, andading on beliefs that Set 4 pupils
are kinaesthetic learners, Mrs Jerrett compelledptipils in her set to use cubes for
all calculations. This led to these pupils not lgeiequired to learn number bonds and
relationships, and not having the opportunity tplese and use derived facts. This, as
Gray and Tall (1994) assert, resulted in havingldomore mathematics and at the
same time restricted the possibility of richer neatlatical experiences.

Educational spaces

A further consequential impact of ability practicesprimary school mathematics
concerns the allocation of learning spaces. Avdpmary created more sets than
classes (four sets in each year group from thrassek), the rationale being that
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smaller set sizes particularly in the lower setaide beneficial to pupils’ learning.
However, Avenue did not have the physical spaceims of empty classrooms to
accommodate the extra sets, leaving Set 4 pupitbouti a stable base. This
represents an area with limited coverage in thegditire with Fisher (2004) noting
very limited consideration of the impact of physispace on pupils’ learning.

Set 4 pupils at Avenue were taught in a varietyamdas including infant
classrooms, computer rooms and corridor spaceshédbeginning of every session
there was uncertainty over where the lesson wouwdd cbnducted and pupils
sometimes had to move during lessons. Not havihgs® meant limited access to
mathematical equipment. In both years 4 and 6 &nAe, pupils in Sets 1 — 3 were
taught in classrooms where they had access to dugp@quipment, mathematical
displays and aids such as number lines on the vatisversely, Set 4 pupils only had
what they or the set teacher could carry, redudivegopportunity for spontaneous
exploration of concepts not planned for. Additidpahey were taught in areas where
the displays related to other subjects, servingy @d a distraction rather than a
potential support for learning. As a result, Sepupils were more limited in their
mathematical learning opportunities due to the f@aysconstraints imposed by
setting, potentially increasing the attainment gafween them and other pupils. This
limitation was raised by their set teacher durieginterview:

In our group we could have done more get up aneéxaept in that computer
room there isn't a lot of space and you know in tweridor you're a bit
constrained and a bit public as well because ewerys walking through. (Mrs
Jerrett, Year 4)

The issues created by a lack of physical spaceett the perceived need for
practices predicated by an ability ideology sugdpest widespread impacts of ability
constructions are. Further, they suggest how mbamgents of the school day, beyond
the mathematics teaching, are implicated in theodycing ability discourses.

Discussion

This paper suggests how an ideology of ‘abilityfeyalent in UK mathematics
education, may impact on primary school mathemadiaing in many ways, some
of which go unnoticed or with the impacts not futlgnsidered. This paper has only
considered three consequential practices, but thehfinding of the wider study that
an ideology of ability is pervasive in primary mathatics, is seems likely that there
are further consequential practices. These pragti@®ngside more explicit ability
practices, impact on very young pupils who are middy being turned off
mathematics at an increasingly young age.

It is important to stress that this paper doeshtarne the teachers concerned
for engaging in these consequential practices. Smaxetices go unnoticed, yet many
others are enacted from the position of care, rigtance in protecting pupils from
what is considered to be hard mathematics or inigireg them with smaller classes
and therefore, it is argued, greater teacher inpthier practices arise from external
pressures which teachers feel trapped within. treilofor this situation to change,
teachers need the opportunity to engage with addnstand these practices.

As things are currently, many of the issues arismgecondary mathematics
are being seen in the primary mathematics classrdoraome ways these may be
more detrimental in the primary context where tbpils’ main classroom is not just a
base as in secondary schools, but the centre oh mficheir education and their
relationships with others for an entire year. Tdoatext may intensify the detrimental
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impacts of ability practices, affecting the mathéosalearning of all pupils. As such,
we need to look beyond the most explicit practitesnore fully understand the
impacts of ability in primary mathematics.
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Is progress good for mathematics/education?

Heather Mendick
Goldsmiths, University of London

In this paper | raise questions about the role abgpess within
mathematics education. | look at how progress dsfia linear and
teleological relationship between the past, presewt future. This idea
then sets the parameters within which researchmbcymakers and
practitioners work in mathematics education, camsing the questions
that we ask, the answers that we give and therectitat we take in the
present. | suggest some alternatives to the preigeesarrative of past-
present-future as perhaps the only way not to an'yws’ to the question:
does mathematics/education make things better?

Feeling backwards

About eight years ago, in my doctoral thesis (MekdR003), | argued that
mathematics operates oppressively, and specificaliyributes to the reproduction of
gender inequalities. In the conclusion, | positbmay approach within the larger
project of developing a sociology of mathematicd anntemplated the implications:

In thinking about what futures may follow from ac&d theory of mathematics,
Connell's (1987) discussion of possible futuresjoclwhcan be built on a social
theory of gender, is helpful. He sees two possiedi the abolition of gender or
its reconstitution on new bases. The first is aodstructive strategy that is
powerful as a direction but is impractical as amidiate goal. However, beyond
these considerations it raises questions abouthewheur current gender relations
have any value.

What would be our loss if they went down the guitgbde of history?

It has to be said that a great deal of our cultuesiergy and beauty, as well as
its barbarism, has been created through and argeinder relations. A gender-
structured culture, and quite specifically sexiehsbilities, have given us
Othellg, theRing of the Nibelungnd Rubens portraits, to go no further. Much
of the fine texture of everyday life, from the fexlour own bodies, through
the lore of running a household, to popular sony$ everyday humour, are
predicated on gender. Our eroticism and our imdginaseem to be both
limited and fuelled by gender. To discard the whmdé&tern does seem to imply
a way of life that would be seriously impoverish®dcomparison with the one
we know. At best it would be so different from thverld of our experience
that we can hardly know whether it would be desealr not. (p.288)

Returning to mathematics, here too the abolitionmathematics is not only
impractical but it is also questionable whether athematics-free world is
desirable. My own view is that it is not. It is aleto me that the social and
historical practices of mathematics have resultedaigreat deal more than
oppression and inequality. A mathematically streedu culture, and quite
specifically absolutist and sexist sensibilitiesivé given us the Internet, the
central limit theorem, and the Mandelbrot set,aang further. Just as masculinity
is not all bad ... neither is mathematics.

This leads to the second option, the reconstitutfomathematics on new bases ...
| am attracted to this option not just becausehef positive contributions that
mathematics has made to society but also becausg pbsitive relationship with
the subject.
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So, despite having spent three years and 80,008swaorpicking the role of
mathematics within systems of domination, | residtee idea that the world (and 1)
might be better without it. Writing at a distan¢eyonder how much this resistance
was due to my own investment in mathematics/ednicatis, at least potentially,
progressive? More generally, | wonder, how much thee theories we use, the
questions we ask and the answers we give tied tmthn assumed relationship
between mathematics/education and human and individorogress and to
assumptions about the value of progress itself?

Modernity, Progress and Mathematics/Education

Wendy Brown (2001, 5-6, original emphasis) ideasfprogress as a key narrative of
modernity, along with right, sovereignty, free withoral truth and reason: “The
conviction that history has reason, purpose, arettion is fundamental to modernity
... modernity is ... premised on the notion of emaogdrom darker times and places,
it is also structuredithin by a notion of continual progress”. Modernity'snaive of
progress thus constructs particular relationshgis/éen past, present and future, and
our own relationship to these temporalities. Howeg®Brown continues by focusing
on the fracturing of this narrative of progrescantemporary times. She argues that
this narrative is breaking down as people now déaekwards to glimpse better
times” (7); the conjuring of a Golden Age may bmilear, but for the first time, she
suggests it comes detached from any progressive. Siamday ... it is a rare thinker,
political leader, or ordinary citizen who straigitiardly invokes the premise of
progress” (6).

However, my own and others’ readings of mathem@&iltgcation policy,
practice and research indicates the persistence dfethe anchoring narrative of
progress, as speaker after speaker “straightfofwanivokes the premise of
progress”. Indeed, neoliberal education policy wegiits authority from discourses
that relate individual and national progress (Arabieal. 2010). This is evident in the
policy documents produced by the New Labour govemnmn the UK (1997-2010).
Within their policies, progress figures as an ubpematic good. For example, New
Opportunities(HM Government 2009), the first white paper foais® education to
address the impact of the global economic downttiv@,word progress/ive had 45
mentions (compared to only 42 for teacher/s). Twlbsuffice:

This is also an economy in which the knowledge skillis of people are now the
most important resource as well as our best charicsocial progress. The
countries which succeed will be those which male rtost of the talents and
potential of all their citizens. (3)

We will not just manage the downturn fairly, but keaof it the beginning of a
new era for our nation — with an historic commitmém the greatest possible
achievement of modern progressive politics as wethe foundations of true
social mobility and social justice in modern Bnita{2)

In the first extract, we see the conflation of oa#il and individual progress, and the
binding of these to discourses of economic compatiaind individual potential. In
the second extract, there is an explicit linkingtioése discourses to a concept of
history as linear and teleological: the “moderntidhe “new” improves on what has
gone before - “with an historic commitment to threajest possible achievement” -
and makes possible a utopian future - “lay[s] tbentlations of true ... social
justice”. This offer seems difficult to refuse. Thars too (of course!) want to see
progress in the children they teach.
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It is not just education policymakers and practécs who have intrinsically
linked education and progress. Roger Dale (200ide8jtifies that:

Education has been seen both as the dominant syamdathe dominant strategy
for that mastery of nature and of society throuaffionality that has characterized
the project of modernity from its origins in the lightenment. ... it has been a
keystone of attempts to extend the benefits of i@®gyto whole populations,
indeed to the whole of humanity. It has come tndtéor the possibility of
individual and collective improvement, individualdacollective emancipation.

This emancipatory narrative, he argues, has bephcitty (or explicitly) taken on by
sociology of education research, and has shapefibdtss on removing barriers to
educational progress. As researchers we see ogcpeas improving, not eliminating,
education. As Dale points out, this is very difféar&rom researchers in sociology of
religion or the family where the research agenderates independently of their
personal views on the social roles of religionamily. In contrast, in the sociology of
education, education is treated less an objedudiyshan as a resource.

Mathematics, and science and technology, are iadekt in narratives of
progress through discourses that position therhaastubjects of the future and vital to
our national competitiveness and more generallyutman progress. The compulsory
status of mathematics in the school curriculumstgteo this and to its centrality to the
‘progressive’ project of compulsory education (jliva011), while quantitative
methods provide the apparatus for measuring pregveghin our neoliberal moment,
progress in mathematics education policy (and ichmaractice and research) stands
for improvements in national test results: for epdn the UK government
publicationMaking Good Progress in Mathemati@@CSF 2008) focuses on how to
‘convert’ good results in the infant school mathéosatests into good results in the
junior school tests. The idea of human progress @nlopment in operation is
normative. Some lives and histories lie outsidebisindaries and thus as Other to
what counts as ‘normal’ and ‘human’ (Butler 200je can see this in recurrent
references to school failures using animal imadgeryexample in the newspaper
headline: “Feral youths: How a generation of vidleltiterate young men are living
outside the boundaries of civilised sociéty”

One possible (and common) response is to arguepthgtess stands for the
wrong things. So instead of identifying progresshwmprovements in results, we
could argue for identifying it with more equitabksults or more ‘authentic’ learning.
Such a response risks contradiction (even unigtbility) as versions of progress are
labelled unprogressive/regressive. To avoid thiglpwe can play with the language,
as in the distinction between ‘traditional’ - chalkd-talk, results-oriented - pedagogy
and ‘progressive’ - investigative, student-centr@gdagogy (Boaler 1997). We could
look to Marxism (or other radical philosophies)uladerwrite this strategy so that the
direction of history is determined by class stregglith the revolution of the
proletariat bringing an inevitable end to histoBples and Gintis 1976).

These are important interventions. However, whikytaim to appropriate and
reinscribe progress, they leave intact the namat¥ progress with its linear,
teleological history in which “the past represetite logic for the present, and the
future represents the fruition of this logic” (Halstam 2005, 11). We can see this
clearly in Noam Chomsky’s use of history in debati Michel Foucault:

1 http://www.dailymail.co.uk/debate/article-1214#83&ral-youths-How-generation-violent-
illiterate-young-men-living-outside-boundaries-tised-society.html
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| think it is perfectly possible to go back to éaristages of scientific thinking on
the basis of our present understanding, and toeperdow great thinkers were,
within the limitations of their time, groping towd® concepts and ideas and
insights that they themselves could not be cleavare of. ... | think that as a
matter of biological and anthropological fact, theture of human intelligence
certainly has not changed in any substantial wayeast since the seventeenth
century, or probably since Cro-Magnon man ... and ifhgou took a man from
five thousand or maybe twenty thousand years ago,pdaced him as a child
within today’s society, he would learn what evergatse learns, and he would be
a genius or a fool or something else, but he wouldn fundamentally different.
(Chomsky and Foucault 1971)

Here past ideas are continuous with, or “gropingatals”, present ideas; past people
are essentially identical with present people, “doénged in any substantial way”.
Within this framework, the future too is imagined a natural and inevitable
unfolding of history, culminating in a society thatows the flowering of the “human
intelligence” that we share with Cro-Magnon man.isTfuture is a melancholic
attachment to the past, a form of “temporal colatiis” (Cooper 2011).

| argue that we need to work with a different nelaship between past,
present and future. | do this because progressmeans of ordering and de/valuing
difference; because research shows that mathetedalicstion increases inequality;
because most mathematics is now developed foramyilitr economic purposes; and
because perhaps this is the only way not to ansyes’ to the question: does
mathematics/education make things better?

Alternatives to progress

A Klee painting named ‘Angelus Novus’ shows an angeking as though he is
about to move away from something he is fixedlyteamplating. His eyes are
staring, his mouth is open, his wings are spredds T how one pictures the
angel of history. His face is turned toward thetp@ge perceive a chain of events,
he sees one single catastrophe which keeps piliagka&ge and hurls it in front of
his feet. The angel would like to stay, awakendbad, and make whole what has
been smashed. But a storm is blowing in from Paggdt has got caught in his
wings with such a violence that the angel can mmédo close them. The storm
irresistibly propels him into the future to whickstback is turned, while the pile
of debris before him grows skyward. This storm ikatvwe call progress.
(Benjamin 1940)

Here Walter Benjamin is writing as a Marxist buiamgt Marxist ideas of
progressive history. His disillusion with progréesspparent in his reading of the Klee
painting (www.wordglitch.com/?p=43which hung on his wall. He rejects “left
melancholia”, in which people look to the politidailures of the past and become
immobilised by their sense of opportunities logir Rim the purpose of doing history
is the “blasting apart of historical continuity whi allows the historical object to
constitute itself”. In this way we create possiigé for action in the present.
Although not sharing Benjamin’s historical matasal, | think Michel Foucault’s
(1971) genealogy most fully realises this desirtbtast apart historical continuity”.

Genealogical approaches to the past differ frongqassive history by looking
not for continuity but dissonance, not for identityt difference, not for inevitability
but contingency. The resulting histories show motgich progress as transformation.
Their purpose is to disturb what we take for trdffruth is undoubtedly the sort of
error that cannot be refuted because it was hadderne an unalterable form in the
long baking process of history” (Foucault 1971, .78hus we need to examine
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history, and to do so with a particular sensibjlity order to find ways of cracking
such congealed truths. Genealogy sets out to:

identify the accidents, the minute deviations - aimversely, the complete
reversals - the errors, the false appraisals, bhadfdulty calculations that gave
birth to those things that continue to exist andehaalue for us; it is to discover
that truth or being does not lie at the root of tMva know and what we are, but
the exteriority of accidents. (Foucault 1971, 81)

Genealogy attempts to induce a sense of “vertiggroyn 2001, 97), to
induce instability in the ground on which we (thinle) stand. Foucault (1971, 88)
talks about history as being “effective” only “thet degree that it introduces
discontinuity into our very being-as it divides amotions, dramatizes our instincts,
multiplies our body and sets it against itself’.eTeelf is no longer secured by its
relationship to the past or the future for it witht “permit itself to be transported by a
voiceless obstinacy toward a millennial ending. will uproot its traditional
foundations and relentlessly disrupt its pretenc@aainuity”.

So Foucault, like Benjamin, has political intenty Boking for “seriality,
repetition, absurdity, and anomaly” (Halberstam 20040), “genealogy articulates
politically exploitable fissures and fractures hetpresent; it produces openings and
interstices as sites of political agitation or altgives” (Brown 2001, 113). Thus, we
no longer need progressive history, with its prami$ revolution, as a ground for
political action. Indeed when challenged in dehaitth Chomsky to speak about the
future, Foucault refused. As he explained, all domcepts on which we seek to
ground such speculation, be they human naturestic@gy are formed within our own
society and “one can't, however regrettable it rbay put forward these notions to
describe or justify a fight which should - and shalprinciple - overthrow the very
fundaments of our society. This is an extrapolatarwhich | can’t find the historical
justification” (Chomsky and Foucault 1971).

I now want to turn to some work in queer theory ethdevelops Foucault’s
refusal of the future. Queer theory is charactdrisgan:

appropriately perverse refusal ... of every suliigthaation of identity, which is

always oppositionally defined, and, by extensiohhistory as linear narrative
(the poor man'’s teleology) in which meaning sucedadevealing itself as itself

- through time. Far from partaking of this narratimovement toward a viable
political future, far from perpetuating the fantagf meaning’'s eventual
realization, the queer comes to figure the barveryerealization of futurity, the

resistance, internal to the social, to every sastiaicture or form. (Edelman 2004,
4, original emphasis)

As Lee Edelman (2004) states, queers occupy aiq@osititside théneteronormative
reproductive politics of futurityThis is a politics secured by the symbolic figofe
the Child. For all politics, and perhaps educatiguditics most of all, find their self-
evident justification in their claim to be fightirigr the future of our children. We can
argue about what politics might be ‘best for thddrkn’ but we cannot reject the
criteria itself.

Edelman uses Lacanian psychoanalysis and readingspalar cultural texts
to argue that, instead of (just) seeking incorpornainto the reproductive order (for
example, through struggles for gay marriage aneérgarg), queers should embrace
the negativity of their position:

by saying explicitly what Law and the Pope andwhimle of the Symbolic order
for which they stand hear anyway in each and eeg&pression of manifestation

of queer sexuality: Fuck the social order and th#ldCin whose name we're
collectively terorized; fuck Annie; fuck the waifoim Les Mis fuck the poor,
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innocent kid on the Net; fuck Laws both with capltaand with small; fuck the
whole network of Symbolic relations and the futtivat serves as its prop. (29)

While provocative, it is difficult to think what fiocs might follow from
Edelman’s celebration of the death drive, his tesise that “the future is mere
repetition and just as lethal as the past ... d [@ost] stop here” (p. 31) particularly
give its location within Lacan’s structural psychadysis (Butler 2004).

Judith Halberstam (2005, 2) rejects Edelman’s giterto make “community
in relation to risk, disease, infection, and deaiMbre positively she suggests that the
“constantly diminishing future creates a new emghas the here, the present, the
now, and while the threat of no future hovers oearhlike a storm cloud, the urgency
of being also expands the potential of the momedt.a squeezes new possibilities
out of the time at hand”. As Foucault and Benjaagaproach the past in a way that
multiplies the possibilities for action in the pees and lends an urgency to such
action, Halberstam’s approach to the future workslarly. It is here that | recover a
sense of hope from the ruins of modernity.
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Paperless classrooms: a networked Tablet PC in frémof every child

Peter Osmon

Department of Education and Professional Studiésg's College London

i-Pads in front of the children in networked classns have the potential
to transform learning. In mathematics particulanmeraction by screen-
touch using fingers or stylus seems preferableegb&ard and mouse.
Their portability and reliability, so that childrexan take them home, and
their potentially low price, are other attractiorisis proposed that, to
maximize their potential to improve learning, thablets should be
configured so that they emulate workbooks - conmgnitextbook,
exercise book, test-paper and progress record -bandmbedded in a
school-wide managed learning environment that cosewieffective
learning management support for class teachers safe-keeping of
students work and records.

Keywords: Networked classroom, emulated workbook, mthematics
learning

Introduction

In an earlier paper (Osmon 2011) | predicted thmiment popularity of iPad-style
Tablets among schoolchildren and their potential doganised use in classroom
learning. Since then iPad sales have been booamdgther well-known IT brands
are now competing with Apple, and | have found dpsons, in the form of patent
applications, of relevant learning systems.

Networked classrooms with i-Pads in front of thédtken have the potential to
transform learning. In mathematics particularlgesn-touch interaction using fingers
or stylus seems preferable to keyboard and moBsetability and reliability, so that
children can take them home, and their potentially price, are other attractions. It
is proposed that, to maximize their potential tgiave learning, the Tablets should
be configured so that they emulate workbooks- caimbitextbook, exercise book,
test-paper and progress record- and embedded aihaolswide managed learning
environment that combines effective learning mansage support for class teachers
with safe-keeping of students work and records.

Workbooks and e-Workbooks

Traditionally, in the UK, school-children write tihevork in exercise books: ruled
with lines or, in the case of mathematics, rulethvai grid of squares and a textbook,
alongside the exercise book, provides instructiot specifies exercises to be done.
Besides serving as a place inferaction with work in progress, the exercise book
records work done. For reasons of economy, photocopiedrcese sheets, or
exercises copied from the board, are sometimes tigubd for textbooks.
Workbooks- cheaply printed combinations of text amakrcise book- are a more
reliable alternative to supplementing exercise lsoaikth loose leaf material. They
are more common in the United States than in tlisntty. Workbook pages
formatted with printed questions with space forvegrs have something in common
with test papers.
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Emulations of workbooks or “electronic workbooks, e-Workbooks as |
shall call them in this paper, potentially offemns® advantages over pencil-and-paper
workbooks. For example they are paperless andeh@iay provide more reliable and
convenient recording of work done than paper wookisoand they can reduce the
administrative burden on class teachers since inhai¥ learner data (work attempted,
dates, and marks) held in electronic form in indiidl workbooks is readily copied
automatically into class records, particularlyhiétworkbooks araetworked

Currently, the closest approximation in most UK aals to networked e-
Workbooks is the PC-lab. However, foostreasons, classes typically have limited
timetabled access and learners work in pairs. hésé circumstances benefits are
modest.

There are other reasons, besides cost, why e-Wokkbdave not been
adopted more extensively. Thus, paper workbook&shahly portable they can be
read anywhere, any time, without requiring access PC, and perhaps a broadband
network connection. This means all learners cdwe tdhem home to continue
working, not just those with broadband at home. d Afor many purposes, pen or
pencil is more appropriate forputthan a keyboard and mouse.

Paperless classrooms

There are published proposals/accounts from theotU8iore extensive use of e-
Workbooks. Two of these (Dockterman 2006, Stup®@7) describe highly
controlled and very specialised, paperless e-WakHldearning environments: what
we would might call ‘crammers’, attended by studdior intensive remedial courses
in basic arithmetic. All the inputs of students;luding their working, are recorded
SO as to provide a detailed account of progresidit®nally the networking allows a
teacher tanonitorin detail by viewing on her screen, the work of individusdiners
in her class, in real-time, so that she may inteevpromptly with assistance when
necessary. Interestingly, based on initial asses@nthe students may be assigned
individualised learningprogrammes, or initial “student profiles”. Thetwerking
allows their marks to be extracted and recorded comdpared with expectations in
their profiles, which may then be modified, andufet learning tasks allocated
accordingly.

Another interesting aspect of networking in theseoants of paperless
classrooms is reference to the use of copyrightnieg materials and automatic
debiting of students’ accounts when their workbookasceive downloaded
instructional text In a paperless world textbook publishers wilubtbess seek such
new ways of maintaining their revenue streams.

In these accounts there is nothing especially iaheg about the learning
materials presented to students. What is intexgss how the details of their
interactions are visible to the teacher, and magrbed and recorded. Also, learning
is evidently a more intensive experience for tharrers than in a traditional
classroom. Andsupport for the teacher’s raleeal-time access to students’ efforts,
semi-automatic management of individualised learnjprogrammes, automatic
recording of students’ progress and record updatngures nearly all of her class
time is available for actual teaching.

These accounts relate to highly controlled and iapsed learning
environments and, at least while the networked ek technology available in
our schools is the familiar PC-lab, paperless otesas, with their potential for
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supporting teachers, are unlikely to become themnacross the wide range of
subjects in the curriculum

Tablets and e-Workbooks

In principle, the adoption of networked classrodmsschools, with an e-Workbook
in front of every child, could offer a range of edtional benefits arising partly from
the interactivity of the workbooks and partly frdite communication opportunities
presented by networking and partly from the abilifythe technology to record
learners’ progress.

However, several barriers to adoption of PCs apuwaibose platforms for
implementing e-Workbooks are apparent: cost, keigbaad-mouse as the principal
data-input means, and lack of portability. Talfl€ts (i-Pad clones) are preferable as
e-Workbook platforms under all of these headinigsthe rest of this section | address
the cost issue.

When the market is highly competitive and supply osatch demand, price
tends towards manufacturing cost. These conditavasnot yet met for iPads and
their clones but because of their relative simpfiof design, compared with netbook
PCs (most obviously the absence of rotating storaggboards and multiple
connector sockets), we can expect unit pricesltavith a year or two- from around
£400 towards £100- when production ramps up to meexceed demand and there is
more competition, greatly undercutting PC pric&ut, cost-of-ownership is not just
purchase price. Product lifetime- which dependgadiability- is also a factor, and
ease of use reduces the need for technical suppPdds appear to be superior in
these respects too.

Overall costs for a school going paperless depenthe system architecture
and this includes: wireless networking, school serbroadband connection to the
internet, and of course the system software t@mate these. Many schools will have
wireless networking in their classrooms alreadyhglaith the other elements of the
system. However, it seems unlikely that the curgemeration of “integrated learning
environments” will be adequate to support paperses®ols with a Tablet in front of
every child. A later section discusses such achital issues and how they may be
resolved.

e-Workbooks for learning in various subjects

Tablets are multimedia devices- aural input anguatitequipped with cameras and
with the ability to show video clips- and not meral paperless alternative to pencils
and exercise books and printed textbooks. Howeweitimedia learning materials
for Tablets are unlikely to appear overnight, aedainly not meeting needs across
the whole curriculum. It seems likely thereforattthe first e-Workbook “Apps” will
be derived from existing paper-based learning nasgrand at least one company
(Inkling 2011) is already offering education pubkss a service. According to
chatter on the Internet, McGraw-Hill are alreadgmis and Pearson are negotiating.
Different subjects are likely to use the multimedapability of e-Workbooks
in different ways. And these subject-characterigtays will take time to develop, as
teachers and the authors and publishers of leamgtgrials become more aware of
the potential of Tablets. For example, languagenieg would surely benefit from
their multimedia capabilities: we can readily eage a language class of children,
with each child immersed in dialogue in her perstaraguage lab. A project at Tufts
University (Tufts 2009) emphasises the learningsiiéties of real-time interaction

From Informal Proceedings 31-2 (BSRLM) available at bsrim.org.uk © the author - 57



Smith, C. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 31(2) June 2011

with the physical world. Engineering applicatiom® described but applications in
science would also be feasible. The potential abldts for supporting learning
across the curriculum will surely hasten their aawop

e-Workbooks for learning mathematics

Touch input (fingers and stylus) is better for dpmathematics than keyboard and
mouse. This is because mathematical language gmplaange of mathematical
symbols, including oversize characters, not readdgessible from a keyboard and
because of the non-linear syntax of mathematicguiage. Doing mathematics also
involves drawing shapes, building tables, makingrtsh and plotting graphs, all of
which are potentially easier with touch input. @ery touch input with a stylus is

more like drawing with a pencil on paper so thabl€s make a better bridge to
traditional mathematics classroom working than RAZls keyboard and mouse.

The traditional pencil-and-paper tool for learnimgthematics is @rid-of-
squares exercise bookot just in Britain but in many countries worldlgi There are
good reasons for the ubiquity of the grid-of-sqearencluding its support for
mathematical language (learning the symbols andagyrand facilitating orderly
presentation of mathematical expressions, and mmattieal working.

We can envisage a Tablet screen displaying a @giduares- and looking like
a page from a traditional mathematics exercise bo&mulating this traditional
platform should give comfort to parents and teacheho may struggle in a new
world of paperless learning! Besides its tradgiomerits, the grid of squares is
potentially a rich base for interactive mathemalesning: we can suppose the grid
indicates a basis set of data structur@says of. cells containing symbols (e.g.
characters, tiles carrying icondine elementghorizontal and vertical), andoints
where grid lines intersect.

Then, touching a screen location points to a pagicelement of one of these
arrays so that, for example, by touching the calshild can push tiles around to
assemble shapes- blocks of tiles- on the grid afasgp, to use for developing
counting, etc. Tablet touch-screens are a medhanh affers a more flexible and
intense learning experience than working eitheh\physical tiles or pencil and paper
and working with tiles like this seems to have gmatential for developing primary
mathematics knowledge, whether in obviously mathesdearning contexts like
counting and adding and multiplying exercises oubsing tiles on a grid of squares as
the basis for constructing a whole range of boame&s and puzzles on the screen. A
computer science master’'s student at King's is@gnto demonstrate this potential in
her project.

We can envisage the range of operations avail@blearners increasing as
they progress: writing symbols (aided by symbobggttion) and pasting them into a
mathematical expression then syntax checking tipeession and then evaluating it,
constructing tables from data semi-automaticallgl @nen displaying graphically
using different degrees of zoom, and so on. Thiimmedia capability of Tablets has
less obvious potential in mathematics than somerathbjects. In all subjects there
may be advantages to specifying tasks using vaistead of or as well as text.
Demonstration examples of procedures, and proefstufe strongly in traditional
mathematics teaching. Tablets can do better thesept them statically as on the
printed page: recordings, with commentary, that banreplayed step-by-step may
prove a helpful way to learn.

From Informal Proceedings 31-2 (BSRLM) available at bsrim.org.uk © the author - 58



Smith, C. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 31(2) June 2011

System architecture

Putting Tablets, with learning Apps installed, norft of children may well not be
sufficient for them to gain significant learningniadit. Preferably the Tablets should
be configured so that they emulate workbooks- coimpitextbook, exercise book,
test-paper and progress record- and are embedded sthool-wide systems
architecture that stores students work and sehres kinds of user:

(a) Learners (the children) who will need to:

Read (including observe or listen to) learning matesébred in their workbooks;
Interact with this learning material (interactions recorfjeldeadtheir earlier work
and teacher’s feedback.

(b) Class-teachers who will need to:

Distribute learning materials to the children’s Tablets, aitmdividually, to groups,
or to the whole classylonitor the work of individual children, in real-time amadso
periodically for marking and progress revieRecordthe awarded marks and other
progress review data in each child’s workbook dsd & a whole-class record.

(c) Director (maybe head of department or heachieraavho will need to:
Monitor the progress of individual teachers and learners.

Besides these internal users there will be exteynas: authors and publishers
of learning materials, and also examination boarfdsocesses will be needed so that
the school can select and install learning matedall examinations can be conducted
via the school server and the children’s workbooks.

i-Pads are probably more reliable than PCs, butpaotectly reliable, and
inevitably children will occasionally lose or bretlem. i-Pads have quite large, but
not unlimited storage. The systems architectare avercome these limitations and
ensure learners’ records arempleteandsecure To this end three layers of stored
data are envisaged: Individual workbooks, Schoalv&e Secure Data Repository.
The storage role for each layer is as follows.ividial’s workbooks store the data in
recent and current use, including a record of ther's interactions, and also newly
downloaded data intended to be used soon. TheoS8wwver has storage capacity
greater than all the Tablets in the school andainsta copy of the data currently
stored in every Tablet, and data likely to be ndestoon- such as next chapters from
textbooks. The Repository stores a copy of tha datrently held in the server as
well as all earlier data.

The three layer storage mechanism works as follo@spies of data move
down on demand from users, and newly entered datesnup, after a while, if it is
not being used. During the school day, the readrdiork done during that day, or
done previously at home, gets automatically cogdredn learners’ and teachers’
workbooks to the School Server, and from time-toetirelatively old data is moved
up to make space for new- but old data is alwagessible on demand, albeit with
some delay. (NB no data is ever destroyed oretltethough amendments may be
appended- this is feasible because secure bulkggtas so cheap.)

The Tablet market is divided among at least fougrapng systems: Apple
(iPad), Google (Honeycomb), HP (Touchpad), and &&oft (Windows 7). A
common platform for workbook emulation would beywkelpful.

Challenge of e-Workbooks for mathematics examinerand researchers
Paperless classrooms make paperless examinationsrdeasible. In principle,

mathematics tests can be downloaded into the S@ewkr over the Internet by the
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Examination Board, and then downloaded into indiaidlearner's workbooks and
only become visible at the time the examinatiodus to start and, at the end of the
allotted time, be whisked away for marking.

Teaching and learning for the test has been auafgfuence on mathematics
education. If learners’ work is indeed recordedusely and in detail in their e-
Workbooks, as proposed in the model systems aothite above, then reviewing
these records would be a form of coursework assagsamd might be a better kind of
testing.

The proposed systems architecture automaticallgrdscthe work of whole
classes in great detail. This means cost-freecidin of data where the work is part
of a research investigation- surely a challengaathematics education researchers to
devise materials for the children to work with tinalve potential to illuminate their
difficulties with mathematics.

Conclusions

Reports of paperless classrooms using workbookkighly controlled situations

suggest they have potential to offer a more intendearning experience, with
teachers spending more class time actually teacheag/orkbooks based on Tablets
can have many of the positive characteristics afcppeand paper for mathematics
learning plus benefits arising from interactivitygdacommunication. And it seems
major educational publishers are preparing talbetmatible learning materials. |
have proposed embedding networked Tablets in aosefide systems architecture to
maximise their potential to improve learning acrtigs curriculum and also to protect
users from any shortcomings. Progress may be dldweabsence of a common
platform for e-workbooks across tablet operatingtayns. Much of its potential is
waiting to be explored but it already seems thatTthblet may become the principal
learning tool in mathematics classrooms.
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The English assessment regime: how consistency astdndards stifle innovation
and improved validity for the assessment of mathentizs

Sue Pope

Liverpool Hope University

This paper describes the national assessment refigimaathematics in
England for 5 to 16 year olds which is the basisafool accountability.
Most of these assessments comprise timed writtds te& exams that are
designed to assess the statutory national curncyitogrammes of study.
For pre-16 learners the assessments are develapiedally and teacher
assessment is reported alongside test outcomese Theconsiderable
evidence that teachers are over-reliant on thes tasd adjust their
assessment to match that of test outcomes. At &jendependent
commercial organisations (awarding organisationg€vetbp public
examinations (GCSEs) in a regulated market pladeerd is fierce
competition between awarding organisations to gaith maintain market
share. The regulatory system for the developmem¢sif and exams and
maintenance of standards is rigorous but restriotsovation and
improvements in validity.
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Introduction

The extent of national testing increased considerain England following the
introduction of the National Curriculum (NC) in 1®8or 5 to 16 year olds. More
recently it has begun to decline but there is stiicern from the Office for Standards
in Education (Ofsted 2008) that ‘teaching to thst'telominates much classroom
practice and teachers are over reliant on testmigomposed to other forms of
assessment.
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