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INTERACTIVE WHITEBOARDSIN MATHEMATICSEDUCATION:
POSSIBILITIESAND DANGERS
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Abstract. Interactive whiteboards are a new technology for ‘traditional’ teaching in the whole
class. Although they have been installed in educational settings, the emphasis of research has been
on their use in office settings. Preliminary findings from a pilot study of a mathematics teacher's
use of a ‘traditional’ blackboard suggest that interactive whiteboards should not erslgem as a
presentational device for the teacher, but as an interactive and communicative device to enhance
the communication with and among students. In this paper, interactive whiteboards are placed
within the wider context of Information and Communication Technology (ICT) a®lafar
Computer-Supported Collaborative Learning (CSCL). The potential of interactive whiteboard is
explored from the perspective of Requirements Engineering, a branch of computer science that
aims to determine what properties a system should have in order to succeed. Drawing on this field,
four steps for the design of technology in educational settings are specified and illustrated.

1. Introduction

The goal of my research is to investigate thossibilities of interactive whiteboards in
(secondary school) mathematicsuedtion. In a companion pap€Greiffenhagen, 2000) a pilot
study is reported in which | observed one seaongchool mathematics teacher and his use of a
‘traditional’ blackboard. Asa result of this pilbstudy, requirements for a software application for
use with an interactive whiteboafor the mathematics classroomredormulated (Greiffenhagen,
2000; Greiffenhagen and Steverd999). A prototype is currentlpeing developed and will be
tested in the summer term.

The aim of this paper is togie interactive whiteboards inethvider context of Information
and Communication Technology (ICT). After a breefmmary of the development of interactive
whiteboards in office and educational settingscfi®n 2), a framework for the classification of
technology in mathematics education will be giv&his framework consists of, on the one hand,
three areas of research; on theenthand, four (incommensurablearadigmsof instruction that
underlie the development etlucational technology.

Having placed interactive whiteboards withims framework, four steps for tliesignof new
technology will be introduced in Section 4. My currezgearch will be used tbustrate these four
steps in Section 5.

2. Inter active whiteboar ds

Interactive whiteboardsprovide a comfortable and convent interface wittthe computer,
functioning like a huge bl&board-sized touch-screerminy application thais used on a ‘normal’
computer can be displayed onto the interactivééelbard and controlled from the display (e.g.,
Cabri Geometry, or Microsoft NetMeeting). The typical application provided with the interactive
whiteboard is a Notebook that provides the facilityvite and draw on several pages, and to save
and print the displayed information.

! Several companies produce interactive whiteboards, e.g., SMART technolbdfies/wivw.smarttech.com
Preomethearhftp://www.promethean.co.ykor MicroTouch (http://www.microtouch.com).

% There are various kinds of interactiveiteboards: Front-projected @mear-projected ones (the latter are easier to use,
but more expensive). Furthermore, two ways of writing enltbard have to be distinguished: Either the board works
with a special electronic pen, or the wdalurface is touch-sensitiveg.i. either a pen or a finger can be used to write
onto the board.

Greiffenhagen, C. (2000). Interactiwdniteboards in mathematics education: possibilities and dangers. Paper presented
atWGA 11 (ICME-9), The Use of Technology in Mathematics Education
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The first interactive whiteboard was the XetoxeBoard (Elrod et al., 1992) and was used in
small office meetings (Pedersen et al., 1993)e LiveBoard was developed after identifying
several disadvantages of traditional blackboardsoffice meetings: space is limited; rearranging
items is difficult; they are unreliable for information storage; it is difficult to share information
following a discussion; and mater@mhce erased cannot becovered (Stefik et al., 1987; Mynatt et
al., 1999).

Research on interactive whiteboards has growthanast decade. Typical settings include the
use for informal workgroup meetings (Moranadt, 1998; Pedersen et al., 1993), as a tool for
remote collaboration (Brace et al., 1998; Ishiiaét 1994), and for use in an individual office
(Mynatt, 1999; Mynatt et al., 1999).

Interactive whiteboards have also been iledain educational settings: In the COSOFT
project (Hoppe et al., 1993) anteractive whiteboaradvas connected to individual workstations.
The ldeaBoard Project (Nakagawa et al., 198@kagawa et al., 1997) provided a tool for
arithmetic education where (primary) pupils wratéghmetic equations onéhboard and the system
provided answers (using optiaztharacter cognition). The Virtu&@llassroom Projectupported by
the DfEE (1998) aims to expler possibilities for distance dacation. Finally, interactive
whiteboards have been used in the Clamsr 2000 Project (Abowd et al., 1996, 1998) for the
capture and support of uninaty lecture courses.

However, apart from a few questionnaireseachers (e.g., DfEE, 199Bgll, 1998) there has
been no research on the use of interactive whitelsoa educational setigs. In my research, |
hope to make a first step towards a classroom fpemialuation. As part othis project, it is
important to place interactive whiteboards withia thider context of ICT in educational contexts.
This will be the topic of the next section.

3. ICT in education

In this section interactive whiteboards ar@ageld within the context of Information and
Communication Technology (ICT). is argued that they should be seen as a tool that could
enhance and provide new resources for the ‘tadhti classroom. To distinguish between different
uses of interactive whiteboards, differentrgtigms of ICT are disssed and interactive
whiteboards are then situated within the payadof Computer-Supported Collaborative Learning
(CSCL).

3.1Threeareasof researchin ICT
Recent lines of research in ICT may be substinmder the areas of (Hoppe et al., 1993):

(i) Individualised student-orienteahd problem-centred instructipand
(i) Remote or distance teaching and learning through educational networks.

Rarely has there been research into teaugylfor teaching and learning in ‘traditional’,
whole-classroonts One reason for this might be that qarters (usually usesynonymously with
‘ICT’) have been considered a®o disruptive for ‘normal’ @ssroom practices. But, with
development of new technologies such as augre whiteboards (see abywa Personal Digital
Assistants (PDAs; see Myers alt, 1998), this may chanyeWeiser (1991) and Buxton (1997)

3 A notable exception is the paper “€ésoom Restructuring: What Do Teach&eally Need?” (Fishman and Duffy,
1992).

* Norman (1998) has observed that we thgeword ‘technology’ to refer to toolsahare not easy to use: “After all, in
everyday speech, we use the weedhnologyto refer to things that are newhere the technology dominates over
usability and usefulness. We call the digital computer ‘technology.’ We call the internet ‘technology.’ But what about a
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argue that computer technology needs to beadngpiitous in order to let us focus on thskthat
we would like to perform rather than ttechnology

Consequently, a third line of researchshamerged recently, viewing computers as
enrichments of natural communication and inteaactiThis thinking is encapsulated in the notion
of:

(iif) Enhancing the resources for communication and collaboration in the ‘traditional’
classroom

The focus of (i) is to integrate computechnology with ‘traditional’ classroom procedures
and provide support for collabaize activities (Tewissen etl., 2000). Examples include:

e The idea of a ‘Computer-integfed Classroom’ or CiC (Hpe et al., 1993; Tewissen
et al., 2000). An implementation can beund within the NIMIS project at the
University of Duisburg;

e The notion of an Interactive Teaching eltre (Keil-Slawik, 1999; Hampel et al.,
1999) as part of the DISCO projextttthe University of Paderbdtn

e The application of ubiquitous computing & university classroom (Abowd et al.,
1996,1998) to capture and suppartiversity lecture coursewithin the Classroom
2000 Project at the Geoeginstitute for Technolody

Although interactive whiteoards are sometimes used in ‘computer classrooms’, they are
often installed in ‘traditional’ classrooms, gmiding teachers and wgtents with a convenient
interface with the computer. The potential ofenactive whiteboards for mathematics teaching
therefore lies in providing additnal resources for the ‘traditiohalassroom, i.e., (iii).

However, the above distinction between tools for individualised leanirdjstance teaching
(i), and the ‘traditional’ classroom does not capture the diverse asespotential uses, of
interactive whiteboards in schools particular, a framework iseeded to distinguish between
using these boards as a ‘preseatal’ device (e.g., for the teacheho uses PowerPoint) and as a
interactive, ‘communicative’, device thanhtences and provides resoes for communication
within the classroom. In the next section, four different paradigms of instructional technology are
introduced, and interactive whiteboards are gawithin the Compuatr-Supported Collaborative
Learning (CSCL) paradigm.

3.2 Four paradigm of ICT

Koschmann (1996) undertook a Kuhnian analggisstructional tebnology (IT) and came
to the conclusion that research in IT hasdergone several paradigm shifts Kuhn (1996).
Koschmann’s central contention was that the paradigms discussed below utilise different research
practices and are based on incoamsurable views of learning amntstruction. Different views of
learning then (e.g., behaviourist or social consivist) entail different goals for technology - and
different methods of evaluation.

pencil or a paper? How about a gas stove or a safafy Ipi actuality, all are technologies, all follow advanced
scientific and engineering practice in their design and manufacture. But pencils, paper, stoves, and pins are so
commonplace that we take them for granted. We assuntedheological features arelieble and robust, and so, on

the whole, we ignore them.” (Norman, 1998, p. 27)

5 http://collide.informatik.uni-duisburg.de/Projects/nimis/

® http://iug.uni-paderborn.de/iug/projekte/disco

’ http://www.cc.gatech.edu/fce/c2000/
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Koschmann (1996) outlined three existing paradigms: (a) computer-assisted instruction
(CAI); (b) intelligent tutoring systems (ITSs)né (c) Logo-as-Latin Paragin. He then contended
that we are we are currently witnessing the enrergef a new paradigm in IT research; namely,
(d) Computer-Supported Collalative Learning (CSCL).

Whereas CAl and ITS are based on behaviourist or information processing views of learning,
CSCL incorporates perspectives from socahstructivism (Ernest, 1992; Cobb and Bauersfeld,
1995; Jaworski, 1994), Soviet socultural theories (Vygotskyl978), and situatd cognition
(Kirshner and Whitson, 1997; Laaad Wenger, 1991). Under sucledinetical framework, learning
is understood

as a distributed, ongoing process, where evidence that learning is occurring or has occurred must
be found in understanding the ways in which people collaboratigielylearning anddo
recognisinglearning as having occurred. (Jordan and Henderson, 1995, p. 42)

The research interest within CSCL liestire question of how technology might serve to
facilitate collaborative methods of instruati (Koschmann, 1994; Koschmann et al., 1996; Crook,
1994). This is concurrent with similar developmentsnathematics education (for example Voigt,
1985; Cobb and Bauersfeld, 1995; Jaworski4l®3ummbheuer, 1992; Bauersfeld, 1994).

Table 1 summarises the four different paradigrhICT and specifiehe underlying theories
of learning and instruction.

Theory of Learning Model of Instruction Research Issue

a ehaviouris rogrammed instruction nstructional efficienc
CAl Beh t Prog d instruction/ Instruct | eff y
instructional design

(b) ITS Information Processing One-to-one tutorial, interactive  Instructional competence
Theory

(c) Logo-as-Latin | Cognitive constructivist D@ery-based learning Instructional transfer

(d) CSCL Socially oriented theories of | Collaborative learning Instation as enacted practice
learning

Table 1: Four Paradigms of Research in ICT (Koschmann, 1996, p.16)

This framework helps us to distinguish betwélea different goals ofhe use of interactive
whiteboards in schools. So far, the companiesgiatuce these boards are selling them to teachers
as a tool to enhance the presentationaluess during lessons. Placing the emphasis on the
teacher’s presentation supports rafisfer of knowledge from teacher to learners” view of learning,
l.e.,(a) or (b) above. This is largely incompatiblgh a of view of learmg, that sees learning as a
collaborative enterprise and that focuses moréherprocess than the product, that emphasises the
importance of communication and intetian of students, i.e., (d) above.

In my pilot study (cf. Greiffenhagen (1999, 20G0)d Section 5 below) the potential of the
interactive whiteboard was seen asoammunicativeool for teachers and studs, i.e., as a tool for
CSCL. From this perspective, the view of iatetive whiteboards as a presentational device might
have a ‘negative’ effect. Rather than providiteachers and students with new resources, the
established patterns amdutines (Voigt, 1985) in the classroom may be reinforced, and the
“mistakes of existing practices may be multiplied” (Bauersfed85, my translation).

4. Requirements Engineering

My current research aims to address theemidl of interactive whiteboards from the
perspective of Requirements Engineering (Lufflet2000; Jirotka and Goguen, 1994), a branch of
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computer science that aims “to determine what ptigsea system should have in order to succeed”
(Goguen, 1993, p. 194).

The introduction of new technology has often not been as successful as hoped for (for
example Selwyn, 1999; Gibbs, 1997; Grudin, 198B). discover reasons for this failure,
researchers in the field of @mputer-Supported Cooperative Wof€SCW) in the last decade
started to approach the design of technologyaimew way: the focus was shifted from the
individual person to the whole gal setting (Grudin, 1990), and froam idealised picture of work
practices to the details and ‘mes=ss’ of everyday work practices.

These ‘workplace studies’ (Plowman et dl995; Luff et al., 2000; Button, 1993) were
influenced by methods drawn from ampology and ethnography, in particular
ethnomethodologically informed inmtction analysis (cf. Suchman (1987); Dourish and Button
(1998); Goodwin (1981); Garfinkel (1996)). Theethodology employed magdrequent use of
repeated analysis of videotapes to identify the everyday practices of jpautscipat are otherwise
easily overlooked (Heath and Lu#000; Hindmarsh and Heath, 1998).

Incorporating this new appach, Koschmann et al. (1996.83-84) propose four steps for
thedesign of technology in educational settings

(1) Making explicit the instructional requirements that serve as design goals for the project;
(2) Performing a detailed study ofrcent educational practice witkgard to these goals;

(3) Developing a specification based on the tded requirements and limitations of the
instructional setting, and the knowapabilities of the technology; and

(4) Producing an implementation that allows lmral adaptation to structional practice.

For my research, the first step consistegasitioning the research in the framework of ICT
outlined above, namely adopting a social consirist view of learning. The next step was a
detailed pilot study of everyday practices of the teacher using the board, followed by focused
interviews. The commitments in (3) were called thapacities and needs respectively
(Greiffenhagen, 1999,2000):

e Whatcapacitiescan interactive whiteboards offer?
e What are theeedsn teaching/learning that imactive whiteboards might support?

These two questions stand in a dialecticdatienship to each other. The capacities of
interactive whiteboards shape theus of the educational issueddaessed; on the other hand, the
needs of the teacher and pupitgluence which capacities of interactive whiteboards are be
explored in greater detail.

This dialectical relationship hadso an effect on the relatidnp between thanalyst (system
designer) and the practitioner (teacher). In contmastaditional engineering problems that involve
finding a new technical solutidior a given function, requiremenére constantly changing:

The requirements emerge as a trade-off betweeousinterests and alternatives rather than as a

self-contained specification oftachnical solution to a well-knawproblem. (Keil-Slawik, 1992,
p. 172)

Furthermore, requirements are not complete-defined concepts ‘out there’ waiting to be
discovered. Goguen (1994, p. 177Qwes that requirements are waptured, but emergent:
Requirements are emergent in the sense thatdbeyot already exist in the minds of clients or

requirements engineers (or anywhere else);eaust they gradually enge from interactions
between requirements engineers and the client of the organisation.

Therefore Suchman and Trigg (1991) demarat tbols should ‘co-evolve’ with practice.
This places a special weight on the relatiopshetween the requirements engineer and the
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practitioner (here: the teacher). Both havedarh from each other.c@isequently, Keil-Slawik
(1992, p. 173) argues that the development of new software and new technology must be regarded
as acollaborative learning process

The recommendation to view requirements ragring as a collaborative learning process
provides a strong link between recent developmantequirements engineering and educational
research. Wagner (1997) advocateseanof educational research asalearning agreement

How can researchers and practitioners thoughtfully determine the forms of cooperation that will
work best for them? (p. 20)

In my research this approaishbeing pursued by working clogekith a mathematics teacher.
Experiences and preliminary results a@iscussed in the next section.

5. Current research

Following the framework outlined by Koschmann et al. (1996) the ongoing research is
discussed in this section. After a short sumn@rthe design goals and a description of the pilot
study, the identified requirements (‘needs’) will bensidered. Finally, theurrent state of the
research is outlined.

1. Design goals.

The view of learning mathematics advocatesfe has been discussed above within the
framework of CSCL. M@nematical learning

is a process of active construction that occurs when children engage in classroom mathematical
practices, frequently while interacting with others. (Cobb, 1994, p. 16)

Consequently, teaching is not simply a trenssf knowledge, and the goal of the teacher
should be to help pupils communicatieout mathematics and help pupteme up with their own
ideas, i.e., focusing on tipeocesgather than the product ofdming (Bauersfeld, 1994, p. 141).

This view of learning standm contrast to that advocatdry the companies that produce
interactive whiteboards. These companies still e teacher as an instructor and interactive
whiteboards as a tool for ‘better’ instruction.

2. Pilot study.

A pilot study was conducted that aimed ticielthe ‘needs’ in mathematics teaching that
could be enhanced and supported by interagtiviéeboards. The pilot study was conducted in one
secondary school in Oxfordshire and involvedesbmg, interviewing, ad video-recording one
mathematics teacher. This teacher showed &ereist in experimenting with an interactive
whiteboard after this pilot study (for a mordalked discussion see Greiffenhagen (1999, 2000)).

Following the recommendation of Keil-Slawik992) and Wagner (199e pilot aimed to
be a collaborative learning process. Short inésve were conducted after each lesson, the shared
experience sparking discussions about the dlffesiencountered during the lesson (‘needs’) and
the possibilities for interactive whiteboards (‘capacities’).

3. ldentified requirements.

The two main findings or identified ‘needs’ wefer a longer discussion see Greiffenhagen,
1999, 2000):

¢ Interactive whiteboards should not only be seen@esentationatievice for the teacher,
but as arinteractive and communicativ@evice that enhances the resources for (student)
communication;
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e Interactive whiteboards might provide new resources dtdents’ writingin the
mathematics classroom, for example, by quick$playing their written work at the front,
or allowing them to write on the board from their desk.

The greatest potential of the interactive whitedeamnight be their interactive nature. These
boards could be seen asiateractive and communicativaevice that might enhance the resources
for communication in the classroom. For tadher in the pilot study, mathematics “is about
communicating numerical mathematical ideas teeopeople”. However, he complained about the
lack of communication skills dfis students and the overemphasigoupils on getting the right
answer. It would be of enormous benefit if iaietive whiteboards could help teachers break up the
‘exposition and practice’ approadb teaching, thus focusing dhe communicative and social
aspects of mathematics and mathemagiaming. This might be done through:

Electronic pads: to give students direct access to the board,
Hand-held scanners: to provide an audience fetudents’ written work.

To sum up: The main finding from this piloudly was that tb goal should not be to produce
a “glorified blackboard” for the teacher, but rathemuse the interactive whiteboard to enhance the
communication and interaction in the classroonpadrticular pupil particigtion in communication.
The possibilities to display more students’ writimg the board (by scanning their written work), or
to potentially allow students to write on the kbdrom their desk wereseen as particularly
valuable.

4. Implementation.

A prototype software for an interactivevhiteboards is currently being developed
(Greiffenhagen and Stevens, 1999). It is plateduse two input devices as adjuncts to the
interactive whiteboards: hand-heldasners at the first stage, aekctronic tablets (large format
PDAs) at a later stage. The key property of bd#vices is that they can fit within existing
classroom practice. They are compact enoughu$er on a standard classroom desk and can be
easily shared between pupils and classes andgatlyshanded around. As such, an affordable pool
of equipment can readily support day-@ydeaching in ordinary classrooms.

6. Final remarks

As mentioned above, technology nmathematics education haeen accused of amplifying
the ‘mistakes’ of current edational practices (8uersfeld, 1985). The potential of computer
technology is often not being usea improve lessons but only to imitate them (cf. Krummheuer,
1992, p. 214). The teacher that | workeithvaduring the pilot study remarked:

That's just like facilities which a board could haveytist? It's not really improving the quality of

the mathematics which is going on in the classroom, which would be really good, wouldn't it? If
you could produce something which would improve kid’'s ability to communicate mathematics.
Otherwise you would just produce a glorified blackboard, aren't you? A sort of déagh-t
blackboard. (Interview, 18.6.99, p. 11)

By pursuing an approach guided by the priresplabove, it is hoped that interactive
whiteboards will provide innovative resources for téagland learning mathematics, a resource for
CSCL - and not simply a “glorified blackboard”.
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