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From traditional blackboards to interactive whiteboards: a pilot study to
inform system design

Christian Greiffenhagen, University of Oxford

Interactive whiteboards are aew technology that has graally found its way into

classrooms. The aim of this study te explore the potential of interactive
whiteboards for the teachingnd learning of mathematicg&rom field observations,

videorecordings and interviewsith a teacher this researatevelops a description of
the teacher’s use of a traditional board, adidcusses how theaeher perceives the
potential of an interactive whiteboard.

Rationale

The study reported here airts explore the potential of interactive whiteboards for
the teaching and learning ofathematics. Studying the ugka traditional board by a
mathematics teacher in a secondathost raises two research questions:

1. In what ways did the teacher use the board?

2. How did the teacher perceive theadbing potential of an interactive
whiteboard?

These two questions will baddressed after a brief outi of existing studies of
educational technology for classrooms.

Background

Research on Information dnCommunication Technolgg (ICT) in educational
settings has been conductedimhain two areas: (i) individual and pair learning
software and (ii) distance learning (e.¢(aput and Thompson, 1994). Rarely has
there been research into technology feaching in the ‘traditional’ whole-class
classroom. Interactive whiteboards are étetogy for the whole-class context that
potentially offer a new way ‘into the comptiteThis study is guded by two broader
guestions:

e Whatcapacitiescan this new technology offéor mathematics teaching?

e What are theneedsfor teaching and learning mathematics, which this
technology might support?

These questions are approadirom the perspective &equirements Engineering
branch of computer scientkat aims to determine what properties a system should
have in order to succeed.

Requirements Engineering

The introduction of new (computer) techogy has not often been as successful as
hoped (e.g., Selwyn, 1999). In search ofationale for this fdure, over the last
decade researchers in the field of Qoner-Supported Cooperative Work (CSCW)
started to approach the design of technologm a new direction. They shifted focus
from the individual person to the social sagtiand from an idealke picture of work
practices to the details and ‘messinedgsveryday work practices. These ‘workplace
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studies’ (Button, 1993) were influencdy methods drawn from ethnography and
anthropology, in particular ethnomethodataily informed interaction analysis
(Garfinkel, 1967; Goodwin, 1981). Furthehey usually make extensive use of
repeated analysis of videotapes to addtessveryday practices of participants that
are easily overlooked (Hindansh and Heath, 1998).

This study aims to elicit requirementsr a new softwareapplication for an
interactive whiteboard that could beised in the mathematics classroom
(Greiffenhagen, 1999).

Boards in mathematics teaching

Many different types of boards can bmuhd in schools: chalkboards, blackboards,
whiteboards, markerboards, rollerboards, Elmwever, there is a noticeable absence
of research on the use of boards in teaghirhey are usually simply regarded as
large public displays. The few studiesathhave explored the advantages and
disadvantages of boards come from a teagiodl perspectivelhese studies (e.qg.,
Stefik et al.,, 1987; O’Hare, 1993; Mynadt al., 1999) identified the following
common problems for the use of traditiobakrds in offices: (i) finding usable space
among content that users did not want toeré§ difficulty of sharing information
following a discussion; and (iii) materiahce erased could not be recovered.

Interactive whiteboards provide the facility modify the display electronically, and

to save and print the displayed informatidiney can also be utilized in conjunction
with video-conferencing. For mathemati¢bey offer the possibility of combining
written text, symbols and diagrams in an electronic medium — which is hard to
achieve using traditional computers wkityboards as the only input method.

Although they have been installed many educational settings, such as the
Classroom 2000 projegtthe NIMIS project and the Collaborative Classroom
project, key questions are rarely agdsed: What could be theiducationalbenefit

for the teaching and learning of mathematié&?at new facilities are offered for the
mathematics classroom that could not beeaad with existingdols like textbooks

or overhead projectors? This study aims to start addressing these questions.

M ethodology

The lessons of a single secondary schmathematics teachavere observed and
video-recorded over a period of three nimntBeing a passive observer | would sit at
the back of the classroom trying to interast little as possible with the students.
After each lesson, shortreestructured interviews we conducted, which focused
on the observed lesson and opportunitigsaio interactive whiteboard. The shared
experience of the observed lesson itgtiathe interview (Cooper and Mcintyre,
1996) and grounded the discussion of hovinégractive whiteboard might be used in
events that actually happened in the lesson.

! http://www.cc.gatech.edu/fce/c@0V (last updated August 1999)
2 http://collide.informatik.uni-duisburg.de/Projects/nimis/ (last updated June 1999)
3 http://dcr.rpi.edu/ (lasupdated December 1997)
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To gain insights intdhe everyday practices
of using the board, the lessons were recorded
on video to form the basis of an ‘interaction
analysis’ at a later stage. Two cameras were
placed in the classroom. The first was aimed
directly at the board to capture local
interactions. The second camera, in one of
the rear corners, aimed capture as much as
possible of the general classroom interaction
(see Figure 1). Thus, while still focusing on
the teacher, the classroom could be observed
as well. With a spcial machine it was
possible to view both tapes simultaneously,
focusing on the items wten on the board as
well as the interaction in the class.

Teacwsk

Figure 1: Placement of cameras

One advantage was that once the cameras setngp, no one was needed to ‘direct’

them, and | could sit away from the caaercreating less disturbance. The main
disadvantage was that only the back & #tudents’ heads was recorded. This was
due to the initial focus on the teacher rattiem the students. Through the repeated
analysis of the videotapes, it was posstbléocus on the everyday actions performed
at the board; actions which are othemsvhard to observe and analyze.

1. In what ways did thisteacher usethe board?

Usually, each observed lesson was divided twit parts. In the first part, the teacher
introduced a new topic, or revised whead been learnt earlier, in a whole-class
setting. In the second part, the studentuld work on their own or in pairs on
textbook questions. The board was only udedng the first part. This organization
seems to be fairly typical imathematics teaching, asvdaski (1994, p.8) observes:

Typically, the teacher introduced the math&ozd content of a lesson using exposition
and explanation (teacherlkp usually from the front of the classroom (using
blackboard and chalk). Pupils were thewegi exercises through which they practiced
the topics introduced by the teacher.

From a constructivist point ofiew (Jaworski, 1994), in order to learn mathematics,
students need to be brought into contatth wnathematical concepts in a way that
allows sense-making and cognitive structuring. Creating a classroom discourse that
raises and questions mathematical ideaslld draw students into a mathematical
world in which mathematical sense-makingais active part of communication, thus
making it possible for individuals to accesmsd process mathetizal ideas. Hence,

the question arises whether interactiwfiteboards could be used to create an
environment in which students are maaetively involved in the lesson — for
example, through the use of electronic ¢édblor radio-mice, wbh students could use

to ‘write’ from their local vicinity, the desk.
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The analysis of the videotap identified several actiorm the board: contact with
the board; pointing by the teacher; andthg student — which will be described
below:

Contact with the board

The teacher used various ways to erégems on the board, sometimes a proper
eraser, but usually his hand or part of$hat. These eventald occur immediately
one after the other. On one occasion, téecher initially use@n eraser, followed
only seconds later by his hantihe board was touched to (i) write; (ii) erase; (i)
point; and (iv) balance while writing.

These could occur simultaneously. For eglama student was observed writing on
the board with his right hand while leaniog it with his left arm. These different
ways of touching the board hold imgditions for the physical ergonomics of
electronic whiteboards. There are two diffargypes of boards: touch-sensitive ones,
and ones that are written upon with an etaut pen. They creatdifferent sets of
problems: Using the touch-sensitive bodhg student would have created signals
both with the pen and his arm. The sitpnfrom his arm would be interpreted as
undesired ‘writing’ on the board. Using teecond type of board, erasing would only
be possible by using an electronic pen or wiper.

Pointing by the teacher

The teacher often pointed at the objects @nltbard. This was done to refer to what
he was talking about, or to confirm whatlmed just said. For @mple, in one lesson
the teacher started by drawing two axétaving asked the students which one was
the x-axis and which was the y-axis, he labdghem accordingly. He then continued:

These are things you need to remember: x4axise horizontal axis ((hand moves from
left to right)) and y-axiss the vertical axis ((hand moves from bottom to top)).

One way to think about this is in terms wsources Generally, two kinds of
resources are to be distinguished: trariseamd persistent ones. In the example
above, a transient resource (pointing) was ueaeinforce a persistent resource (the
drawing on the board). Pointing by the teaclas also used t@inforce a reference
made by the student

The teacher has drawn two axes amtbard; writes “y=x+1" and “y=x+2".
T:  What do their graphs look like?

P:  The last number goes throute origin (.) that number.

T:  This number ((points at “1”, leaves hand there))

The student verbally referred to “thestanumber”. The teacher then put his hand
there, making it visible for the whole claasd reinforcing what the student has just
said.

* The notation found in the transcripts is derived from the conventions described in Gob@8ii ((.)’ denotes a
silence of a tenth of a second. A colon ‘" indicates thatsound preceding is noticeably lengthened. A bracket [*
connecting the talk of different speakers shows that overlapping talk begins at that poimei@e are displayed in
double parentheses: ‘((comment))’. The teachegfesred to as ‘T’ and pupils as ‘P’, ‘P2’ etc.
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Transient resources are available only at gaaticular point of time (in contrast to
persistent resources). Therefore, studarts do not pay attention when the teacher
is talking and writing on the board lose whts been said (theansient resource)
while still having access to what has beeittem (the persistent resource). However,
what has been written might have an mgdete or differenimeaning without the
additional verbal information. Hence, tmeeaning of the persistent resource (the
writing on the board) might chge over time through the alability of the transient
resource (teacher's and student's talk).

The architecture of writing and drawing foran essential pardf mathematics.
“Mathematics is perceived overwhelmiggivritten.” (Pimm, 1987, p.1) In fact,
“being thoughin mathematics always comesven into and inseparable frdmeing
written” (Rotman, 1993, p.x). One of the prebis of conventional computers is the
restriction to typed test — icontrast to using pencihd paper, which allow a mixture
of text, symbols and various forms ofagrams. There are few other subjects in
which the writing on the board is so muttte focus of attention during the lesson.
This is one of the reasons why interactwhiteboards with their ability to record,
highlight and save the content of thealidb might be beneficial for mathematics
teaching. In addition, they might providesogirces for students to point at the board:

Pointing by the student

How can students point to objects on thertloahile staying in their seats? What
difficulties do they have to overcome? An example will be used to illustrate this:

The teacher has drawn two axes on the boaddhas just explained that there are four
“quadrants”. Students are James (J) and Rachel (R).

T:  Which is the first quadrant? James? ((James sits in the first row))
J: ((points at second quadrant)) T :
T:  This one? ((Figure 2))
((points at second quadrant))
No, it's not this one.
[...]
Which one is it? Rachel?
((Rachel sits in the last row))

R: It's
[
T: ((points at first quadrant) :
R () It's a[lh::: Figure 2: Student and teacher pointing
T: ((hesitates, pulls hand back))

R: It's ah (.) where they are all positive.
T:  Where they are all positivé(puts hand in first quadrant))

This example demonstrates the differergoregces available to students: The first
student, James, was able to point atlibard because he was sitting at the front,
whereas the second student, Rachel, hadst words to describe the location —
which is a very indexical way of trangtimg information. As mentioned above,
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mathematicians find it very difficult to onltalk about concepts without having a
piece of paper or board to illustrate; they usually ikl write simultaneously.
Interactive whiteboards with the support eectronic tablets for students would
provide students with the opportunity to sad point to their suggested quadrant.

In fact, having electronic tablets availalide every student would provide the means

for asking new types of questions. Rathemtlasking James where the quadrant was,
the teacher could have askexerystudent to point at their tablet where they thought
the first quadrant was. These answers a@dbhen be used as a basis for discussion
among the whole class. During an intervieve thacher came up with a similar idea:

When all the students could have some tafdietomething. [...] | mean, that would be
good. [...] you could kind of, almost “what deu think the answer to this question
is?”, couldn't you? ((laughs)jou could have some softnasaying, “Well, ten of you
think the answer is this, and six of you thihlke answer is that.’/And you could discuss
the diff (.) You know why some people thitikat this is the awer and why others
think that that is the an®& And you could get peopleho perhaps haven't got the
correct answer to explain whitiey are doing. (Interview, 18.6.99, p.9)

Through such discussion, the mathematical concepts become part of the
communicative discourse of the classrotmough which individuals can start to
build their own sense of them.

2. How did the teacher perceive the teaching potential of an interactive
whiteboard?

One of the most obvious features of theratéive whiteboard is that it can be used
to save the notes on the board, which caprrged at a later stage. Other features
could be pre-prepared grids (e.g., 1m&D), or isometric) orthe possibility of
annotating existing notes or other softwapplications. Because all the notes on the
board are digital, the boarduld be used like a piece of papee., rotated or flipped
(e.g., to demonstrate how to draw a paitdc graph). These facilities are specific to
mathematicdecause they focus on particularexdp of writing. They have therefore
not yet been implemented in the softwprevided with interactive whiteboards.

These features might all baseful’ and facilitate theeaching, but they are only
facilities for a better pres@tion by the teacher. €y would not provide new
resources for communication in the classroom:

That's just like facilities which a board cdutave, isn't it? It's not really improving the
quality of the mathematics, wdh is going on irthe classroom, which would be really
good, wouldn't it? If you could produce somethwhich would improve kid's ability to
communicate mathematics (.) otherwise yauld just produce a glorified blackboard,
aren't you? A sort of high-tedilackboard. (Interview, 18.6.99, p.11)

Focusing primarily on the teacher, it is e&asythink of an interactive whiteboard as
“a glorified blackboard”. This has bedhe approach of most manufacturers and
teachers. The main finding frothis study however is the importance of focusing on
the possibilities of enhancing thensmunication and interaction of ttetudentsto
potentially achieve a realducational benefit.
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As mentioned above, mathatits “is perceived overwhelmingly written” (Pimm,
1987). Focusing on studehtwriting both aims to teach the children about
mathematics as well as written communicatiMehan (1989) investigating the use
of computers observed that “having andience [...] gave stlents a purpose for
writing”. Interactive whiteboards might present students with aadience by
providing the opportunity to display theork of students quickly on the board.
Audiences could be the whole classstirdents in a different school.

At the moment, the teacher often tells studehat they shouldot only write down
the answer and that they should not &rdheir audienceBut this advice is
superfluous because the students are alwagseaf their audience — the teacher (cf.
Morgan, 1988, p.45). This mamatics teacher remarked:

Yeah, it's giving them, it's givinthem audience, isn't it, faheir work? Perhaps if they
are just writing things in their exercib®oks, it's between you,dm and perhaps their
parents look at their exercise books otwaeally, you know? [...] It's a very narrow
audience, isn't it? In tesnof who they are communicating to. (Interview, 18.6.99,
p.10)

With the new technological opportunitiesgtivork of students could be displayed
quickly on the board, giving them instantdack. It would also mean that more text
written by students (rather than the teacher) might be displayed on the board:

I mean, it's (.) when they (.) if theywat in their own work, you know, in another
student's work, it'll perhaps have more significance than when you do on the board. You
can talk to them just aboumow to set things out pperly and how to communicate
things properly. Ahh, they kind of think “thatthe way the teacher does it". But if they
could see a good example of anothadent doing it. (Interview, 21.5.99, p.5)

In other words, seeing the answer offedlow student on the board might help
students to develop the thamatical concepts inwgd in their own language.

Conclusion

This study has started to address somgéhefissues of interactive whiteboards in
mathematics teaching. Traditionally, the use of interactive whiteboards has been
restricted to presentations made by the teadh contrast, our two main findings are:

1. Interactive whiteboards should not only be seen miesentationadevice for
the teacher, but as anteractive and communicativdevice to enhance the
communication by the students; and

2. Interactive whiteboards might provigew resources to focus on tating by
studentsin the mathematics @ssroom. In particulathey could potentially
provide students with an audience and allow the teacher to display more work
written by students on the board.

By pursuing these two points, it is hop#tt interactive whiteboards will provide
innovative resources for teaching and heag mathematics -in contrast to
Krummheuer’'s observation (1992214; my translation):
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The potential of computer technology is baing used to improve lessons but only to
imitate them.
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