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Portable technologies are becoming increasingly
popular in schools for a variety of reasoms: they
offer tremendous fexibility: increased access 1o [T
and significant practical advantages over conven-
tional desktop computimg: personal ownership
and opporunittes for more independent. inves-
tigative learning across the curriculum: improve-
ments in the quality of work produced: increased
pupil motivation. and so on {see review by
Hennessy, 1997). In particular, portable graphing
tools — palmitop computers and graphic ealeula-
tors = present a unbque opportunity 1o help sta-
dents develop understanding and skills in a radi-
tionally difficult curriculum area, Qur research at
the Open University focuses on explolting the
potential of these increasingly cheap and power-
ful 100ls in helping 1o develop understanding and
<kill in graphing in secondary schoo! papils.

in this article we report a series of rials of a
graphing activity devised lor the Acom “Pocket
Book” computer [!] in a Buckinghamshire com-
prehensive school during 1997, The aim was to
investigate the advantages and disadvantages of
working with palmtop technology to explore the
relationship between two variables: height and
shoe size. We began with year 8 children who
had all used the Pocker Book spreadsheet once
befare to produce a bar graph during an activity
involving prepasation of a budger for a party.

The teacher collected a set of
data  from the group and
recorded it on sheers for circu-
lation. His rationale for collect-
ing the data in advance was that
data eollection might prove chaotic

and time consuming with this rather wnruly
group; as the lesson was short (50 minutes, whh
some time spent on issuing and collecting Pocket
Books), this was quile sensible. To emphasise the
trend in the data, 20 sets of measurements were
provided; these came from 4 puplls randomly
selected from each of four different year groups,
and Trom 4 reachers (Figure 1) The pupils’ task
was to enter the daa fmo the Pocket Book
spreadshect and 1o plot a graph of shoe size

against height. Basic commands for producing a
graph of two variables were provided (Figure 2).
The researcher and teacher offered further tech-
nical help, The 22 puplls were seated in pairs
and, although each had their own machine. they
were encouraged 1o collaborate on the activity.
As s often observed when pupils wse portabie
computers, they spontaneously discussed the
activity with their parmers and with other pupils
o,

A problem cxperienced was that the graphing
facility on the Pocket Book does not work intu-
itively to graph two variables against eack other.
Points within such a graph cannot be connected
unless the data is originally entered inte the
spreadsheer in order of increasing magnitude).
Mevertheless the activity proved very successiul
in that aimost all pupils produced a coherent
graph showing a visible linear trend during the
S0-minute fesson, despite limited prior experi-
ence and having 10 use a new set of commands.
Most pupils alse sketched thelr graphs with rea-
sonable accuracy wsing the axes provided (see
Figure 3j and answered some of our written
worksheet questions, although they ran our of
e and little discussion was possible, The pupils
were generally able o identify the wend of
hetght increasing with shoe sixe.

Dealing with a large amoum of daia proved prob-
lematic in the sense thay errors arose in copying
the data dewn or in entering it in the correct
rows of the spreadshect; some children did not
lizze up the names, shog size and height correcily.
DHscussion betwcen groups of pupils and the
researcher or teacher helped 1o clarify the
demands of the task where necessary and the
children®s views about the activity. However. the
children recorded listle of what they had dis-
cussed — a common problem with investigative
classroom activities and one that is difficele 10
overcome. Some worksheet responses [rom a
more prolific pupil are shown in Figure 4. The
children needed quite a bit of help in lndieg the
right commands on the Pocket Book to achieve
the desired effect. Some pupils wenl beyond the
demands of the task to label their axes, graphs
and data points,



Mame Year Shu{: !-h:ight
size in
metres
I Kelly a8 3 1.56
3 Amy 3 4 1.57
F Kieran 2 4 1.50
4 Paul 8 & -1}
5 Michael 2 B 1.70
& Ben 9 10 I.76
7 Amy 9 7 1.72
3 Charloue ¥ 'l L.77
7 Donald g 9 1.73
10 Andrew i i 1.82
il Gemma 10 T 1.78
12 Jennifer 4] 6 1.65
13 Anna 12 T .75
14 Debbie i2 5 .68
15 Tom i2 9 .81
& Geoff 12 8 1.72
17 Mrs Cuttress teacher 5 1.68
18 Mrs Bennett  teacher 4 1.64
19 Mr Marthern teacher 12 193
0 Mr Thomas teacher 9 L.79 .
— i —
Frgure 1

Pocket Book commands for line
graphing

. Menu butzon; Special menu; che
Graph

Z. Display menu, cheose Format,
choose XY/ scatter
3. Ranges menu, choose Set ranges;

set Gragh w B

Enabled: Yes

Range: C2:C21

Repeat procedurs for Graph range
X, sewting range o B2:B21

4. Ranges menu, choose Set line

set Graph range A
o limes: Mo
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Fugure 4

Examples of worksheer responses are as {ollows.
Seven of the ten pupils, responding 1o a question
about a pattern in the daa, correaly identified
the wrends for height 1o increase with shoe size
and for both to increase with age, from the
numenical data alone. One pupil, who reponed
that height and shoe size increase with age,
podnted oud "bur this isn't always like thar™, The
children were also asked: “Are there any doma
poinis which don’t seem to [ in very well?™ The
reedjority of pupiis were unable to answer: subse-
quent disoussion indicated that the notion of
fitting points 10 a line was unfamiliar to them and
they fownd this question difficult o comprehend;
wi concluded that it would make a good tapic for
2 class discussion next ume Only lour pupils
answered the questions: “What additional dara
would be wseful? Who could you ger this extra
data from?” Three sensibly stated that data could
ber obiained from younger, smaller people or mid-
dle schoaol pupils. One of these added, “There
would be no point getting more older people
because they have stopped growing.”



The activity proved suceessiul when
repeated with another group of 21
year & pupils, deseribed as “brighs
and tively™ by the wacher, More
data and more comect DESpOnNSes
were oblained from this group than
the previous group. For example, 7 pupils
answered the quesiion about who they might
pbtain exira data from. although this ime none
grated that data could be abrained from younger
or smaller people. Instead a diverse range of
imaginative responses was obtained: one pair of
pupils suggested using athletes 10 see "if their
sport affects their body™; another pair suggested
“family, friends and neighbours™: a Burther pair
suggested weighing the subjects from whom data
had been obrained: the final response thoughtiut-
ly stated, "It would be wseful to shoe makers
because the shoes have to be strong enough 10
distribute the height and 1o hold the height.”
Again. this question offers rich material for a
maore extended discussion with pupils,

o

The trials were considered very successiul by the
teacher, whoe was keen to use the activily again
with other year & groups and to exvend it to obder
groups as well. He felt that the pupils had not
only acquired useful experience with using the
Pocker Rook spreadsheet and graphing facilities,
but had gained some insight into the process of
graphing two related variables. The responses o
the open-ended questions support this view,
although a substantial amount of data was riss-
ing and the degree of understanding of the
remaining puplls s uncertain, These who did
respond were generally able to identify the trends
of height increasing with shoe size and of both
variables increasing with age. Some could detect
anomalous data points and interpolate from their
graphs. A few realised that additional data from
subjects at the lower end of the age range would
e wesefurl.

Time was a major problem. The procedure
required on the Pocket Book 1o obtain a graph of
twir vardables ploned one against the other was
complex, and individuat pupils required consider-
able help from the teacher and the rescarcher.
some of the pupils, as novice Pocket Book users,
found it dilficuls simply to follow the given list of
unfamitiar comraands, This meant that discussion
time was severely limited and a significant
proportion of pupils failed 10 complete their

worksheet questions. More time would certainly
have been needed if pupils were to collecy the
data themselves. Since some of the data came
[rom their own body measurements, however,
they appeared to relate 1o it successfully.

The rescarch weam and the teacher concluded
that this investigative activity had a very positive
outcome and a great deal of potential; it could
usefully be extended to older age groups. We also
realised that spreading the activity over 2 sessions
i future would be more productive {although
atiempting to issue pupils with the same Pocket
Book machines on two occasions could be prob-
lermatich.

A few months later, an extend-
ed activity was undertaken
with a year 10 group of 21
pupils. The children involved
all had prior experience of
using the Pocket Book and of
spreadsheet  activities on deskiop  computers,

| They were a very mixed ability group, with a
a concentration of low ability pupils, The trial ook

place over two consecutive S0-minute lessoas, 2
days apart. This allowed time for extending the
activity and answering the worksheet questions,
and for children to collect their own data this
Lime.

Inn the first lesson, each pupils height in metres
was measured by the teacher using a rule fixed
the wall. Shoe sizces were requested from each
individual a1 the same time, Most pupils pro-
duced a coherent graph showing a visible linear
trend by the end of the lesson. Pupils recorded
their Packet Book security numbers so that they
could be issued with the same machines for the
segond lesson, This proved much more straight-
forward to organise than had been anticipated.

n the second lesson, the children were asked 1o
complete their graphs if necessary and 10 waork
on the worksheet questions. An additional inter-
polation question was added to extend the graph
to the top end of the height range, asking the
shoe size of a person 2 metres il We aitempted
to overcome the Pocker Book limitatdon on
graphing two variables — and to explore the unfa-
miliar notion of fining points to a line - by asking
pupils to draw a best fit line onto their skewch
graphs on paper using a ruler. Thus, once all
pupils had sketched their graphs, the teacher
introduced the unfamiliar noton of lines of best
fit; they appeared to grasp this notion quickly.



Another extension & the acuvity used hand span
as well as shoe size. The pupils drew arouend their
hands on paper and used a mler to measure their
hand spans (from thumb 1o linle Boger with
hand fully spread) in centimeires. As with
height, hand  span  measurcments  were
announced verbally by individuals and recorded
by the rest of the class, The pupils then entercd
the measurements into a founh column of their
spreadsheeis and plotted a graph of hand siee
against height. They were asked 1o look for a
irend in the new data; Rittle was visible since
there were several tall people who had small
hand spans. As one child wold me, “No, it was all
bunched up and rubbish!”

Problems encountered during the vear 8 trals
were generally overcome by using the older age
group and by having more time available, The
children completed their worksheets more fully
and required less belp with using the Pocket
Books. Most pupils went on o label their axes
and graphs {with guldance) and some ¢xperi-
mented with different graph formats,

o3 aon o .
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The shoe size data set was more restricted than
that in previous irtals and produced a reasonably
clear linear trend only when the y-axis scale

comained suffickently large intervals: fonunately
the Pocket Book scaled the axes automatically in
this way. The excrcse of ploiting hand size
against height offered an interesting companison
for the pupils, since the relationship was not at
all clear-cwt, This tral was again considercd very
successiul by the teacher, who felt that the activi-
ty was entirely suitable for year 10 groups as well
as for younger pupils. The responses (o the open-
ended questions confirm that most pupils had
gained some insight into the process of graphing
two refated wariables, This time there was very
lirtle missing data and pupis were generally able
10 tdentify the trend of height increasing with
shoe size. Some could detect anomalous data
points and most could bbb imerpolae. and
extrapolate from  their graphs. In  summary,
despite s physical limitasions, 1he Pockel Book
prowved a wsefol tool for provoking thinking about
graphs and relationships beiween quantiiative
variables in pupils of loower secondary school age,

¢ Sara Hennessy, Pat Fung amd Elleen Scanlon wark in the
Inmute of Educational Tedhnology at the Ogen Uniebruty,
Lee Marthern toaches ot Loed Grey School, Bleachlcy.
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Technology is steadily mov-
ing on and it is no surprise
that the ‘programmed learn-
ing” systems of the 1980%
and 70% have comtinued to
be developed wsing the dra-
matically increased power of
modern computers,  The
lewel of imerest im using
COMPULEnG POWEr 10 support
learning is growing leading
1o the coining of the phrase integrated learning
svatems” (1L5).  There are currently two major
competitors in the field as far as mathemaiics is
concerned, Global Maths and SuccessMaker.

NCET has undertaken some initial research into
the eflectiveness of these systems. Their concdu-

Iintegrated Learning Systems

Trevor West

sions regarding Global Maths are inconcusive
but  they report a  positive  effect  with
SuccessMaker.  In Somerset there i3 goowing
interest in 1LS with SuccessMaker the frond run-
ner. Bucklers Mead School and, more recently.
Blake School have been using SuccessMaker
both on a networked basis. 1 understand that a
few other Somerset schoals have the software on
single stand-alone systems.

Successhaker is based around a central frame-
work with a series of ‘modules’ that support
learning in specific arcas. The main module for
mathematics Is “Math Concepts and Skills’, which
is designed for use with the majority of pupils
from pre-school 1o aboue age fourteen bur there
are currenily six others available, designed for
variows age groups up to sixih form level, Some
MaTrmai HusHar &
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