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Abstract
Twenty secondary school students (in Grades 9 & 11) were given two datsets to
represent graphically — one with 10 pieoes of mumerical data, and one with 30. Stadents
were more likely to represent the large dataset in an organised form than the small
dataset. The more mathematically able students found it easier to organise the data than
themr fess able counterparts. Grade level had no effect. Possible explanations for the
results are explored and the implications for teaching and the curricuium are discussed.

Introduction

“A picture is worth @ thousand words”

this old saying mught explam why many people find it worthwhile to use graphs to
represent data. However, just as the capacity of a picture to convey the meaning of “a
thousand words™ depends on the technicai ability of the artist, so too, the capacity of
a graph to communicate messages depends on the ability of the drawer of the graph to
represent the data appropriately. This paper concerns the ability of secondary students
to represent numerical data m a graph, and explores factors which assist students to
organise the data before drawing the graph. The term numerical data refers here to
counts or measures such as the oumber of pencils a student has, whereas categorical
data vefers to categories such as eye colour.

The ability to draw an organised graph 1s one m a suite of skills expected of all
students according to recent curricuium documents. The Australian Numeracy
Benchmarks (Curmcuiume Corporation, 2000) inciude the ability of primary school
students to orgamise, summarise, and display information 1n graphs. Similarly, the
National Council of Teachers of Mathematics Standards {(NCTM, 2000) has
highlighted the need for students at all levels to organise and represent data,

Research mto children’s ability to draw graphs has included the deveiopment
of a framework for statistical thinking by Jones, Thomton, Langrall, Perry, & Putt
(2000) (Framework). The third construct in the Framework - Representing Data - 1s
the main 1ssue under consideération in this study, and mcorporates constructing
representattons that exhibit different organisations of the data. As with the other
constructs, four levels of thinking have been proposed for this construct. The levels
are defined by statements describing students’ data dispiays m terms of the validity of
a disptay when asked to comiplete a partiai graph, and the degree of reorganisation of
data when asked to produce a display. The evidence obtamed in this study relates to
the latter — the degree of reorganisation of data shown 1n the display.

According to the Frameworl, at Level | the student produces an idiosyncratic
display that does not represent the data set. At Level 2, the student produces a dispiay
that represents the data but does not attempt to reorganise the data. At Levei 3, the



student not only produces a display that represents the data but also shows some
attempt to reorgantse the data. At Level 4, the student produces multiple valid
displays, some of which reorgamse the data,

Research m the area of students’ representation of data 1§ not extensive,
however a small mmber of studies provide some background for this study. Lehrer
and Schauble (2000) investigated the process of data orgamsation with elementary
school children in grades 1, 2, 4 and 5. They exammed how these children developed
and justified models to categorise (by grade level) drawings made by children in the
same grade levels as themselves. Their results suggest that, at higher grades, children
use more sophisticated strategies for orgamsing data. :

Nisbet (1999) examined the representations of categorical data generated by
teacher-education students. The majority (99%) drew representations of the data
showmg some reorganisation of the data. However, the data was categorical, not
numerical. Nisbet, Jones, Langrall & Mooney (submutted) analysed children’s
representabions of categorical and nurnencal data. The study revealed that numerical
data was significantly harder for children to orgamse and represent than Eategorical
data. Children beyond Grade [ can make connections between organizing and
representing data when the data are categorical but generally not when the data are
numerical. Whereas 60% exhibited Level 3 thinking with categorical data by
reorgamsing the data, only 20% exhibited Leve! 3 thinking with numericai data. Two
of the three Level-3 thinkers produced a tally table while the third drew a pictograph.

Another study (Nisbet, 2001) found that teacher-education students had similar
difficulties with organising numerical data. All could produce an orgamsed graph
from categorical " data, but only 19% couid produce an organised graph from
numencal data. For the latter, the majority of students merely drew separate bars for
each mdividual piece of data without organising the data into nnmerical categories.

Why do more students find it difficult to represent numerical data mm an
organised way, compared to categoricai data? It could be that the way to -organise
categorical data 1s obvious, but less obvious for numericai data. Maybe the need for
orgamsation 1s not perceived to be great when there are only 10 items 1 the dataset.
Perhaps, if the dataset was made larger, then the students would be more likely to see
the need to organise the data, and subsequentty draw an organised graph based on
numerical categories. This proposition was the motivation behind the current study.

This study was therefore designed to test the hypothesis that if students were
presented with two data sets, one small (say 10 items) and the other significantly
larger (say 30 1tems), then the students would be more likely to draw an orgamsed
graph of the larger dataset. It was decided to conduct this mvestigation with
secondary students as the statistical thinking of this band of the age/grade spectrum

had not been mvestigated by the researcher. Students in Grades 9 and 11 were given:

the task of drawing two graphs — one for a small data set, and a second for a larger
set. The Framework was used to evaluate the graphs produced by the sidents’
orgamsations and representahons of the data, and an interview protocol was
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employed to ascertain the extent of prompting required before students realised that
the larger set needed to be orgamised before it could be represented meanmgfully.

Method
Participants

A sample of 20 students at a suburban secondary school was drawn from Grades 9
and 11 — eight students m Grade 9, six students from the Grade 11 Mathematics A
classes, and six students from the Grade 11 Mathernatics B classes. At the school, all
Grade 9 students do a common mathematics course, but Grade 11 students can select
either Mathematics A (“life-skills mathematics™) or Mathematics B, a higher-level
course which includes. algebra and calculus, The latter however 18 recommended only
for students who achieved highly m Grade 10 mathematics. Mathematics I3 students
in Grade 11 are more mathematically able than their Mathematics A counterparts,
The students were seiected for this study by the Heaq of Mathematics such that a
spread of achievement (high. medium & fow) was inciuded in all three groups.

Tasks

Participants were given two tasks. The first requued them to draw a graph
representing the mformation m the following scenarto,
Ten students were asked about the number of novels they read
during the term. These are their answers.
NUMBER OF NOVELS: 5,4, 1,7, 5.0,3,4, 5,6
Draw a graph which represents this data.
After the students had drawn their graphs, they were asked the following questrons:
(i) What sort of graph did you draw? and
(il}  Why did you draw it that way?
The second task required the students to draw a graph representing this mformation.
Thirty students were asked about the number of CDs they
bought during the year. These are thew answers.
NUMBEROF CDs: 2,4,2,7,5,0,3,4,5,4,54,i,7.5 0
3,456 3486323456
Draw a graph which represents this data.
If a student had drawn an organised graph successfully, he/she was asked:
(i) What sort of graph did you draw? and
(it} Why did you draw it that way?
If the student was experiencing difficuity m working out what to do, a protocol
comprisimg a series of prompts was available, and the extent of prompting necessary
for the student to embark on the correct course of action was noted.
1. How many students bought no CDs? How many bought 1?
Does that help with your graph?
2. Could you fill in a table of values like this?(Show blank
table of vatues as in Table 1)



3. Could you draw a graph with this table of values? (Show
completed table of values.)

Table 1: Prompt No. 2 — Blank table of vaiues {No. of CDs)

No. of CDs

No. of people

If those prompts were not sufficient, then the student would be shown a graph of the
data set (Figure 1) and asked the following question.
4. Here's a graph drawn by someone else. What does it tell you?

No.of CDs bought

No. of students
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No. of CPs

Figure i: Graph shown in Prompt 4.
Each student was interviewed individually away from any class distractions, and alf
mterviews were audio-taped. The researcher also kKept brief notes of the interviews.
Sheets of graph paper, rulers, pens and pencils were supplied by the researcher, and
all graphs drawn by the students were collected by the researcher for anatysis.

Results

Overview of results ‘

iI. The effect of size of data set: With the small data set (10 items) most studenis
drew graphs showing no organisation of the data. However, increasing the size of
the data set to 30, lead more students to orgamise the data and draw a
representation based on number of CDs rather than mndividual measures.

2. The effect of mathematics ability: Most Grade 11 students in the higher ability
group (Mathematics B) were able to orgamise and represent the data mn an
organised way without any prompting. However, only one student in lower ability
group (Mathematics A) completed Task 2 without any prompting. There was no
sumilar ability effect for the students n Grade 9. _

3. The effect of Grade level: Grade level had no effect on performance at organising
and representing numerical data.

Results in detail

Increasing the size of data set lead more students to organise the data and draw a
representation based on categories rather than individual measures, In Task i, which
had only 10 items of data the majonty of participants (95%) did not organise the data,
but without much hesitation, drew a bar graph based on the mdividual pieces of data
— one bar for each person in the dataset, showing how many novels read (Figure 2).
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According to the Framework,
one student produced a
response  at  Level i
(Idiogyncratic), 18 students
produced responses at Level 2
(Transitional), and  one
student produced a response
at Level 3 (Quantitative). The
response patterns were fairly
uniform  across the three
groups of students.

Tigure 2: Typical bar graph drawn for data 1 Task | (See Table 2)

Table 2; Numbers of students and levei of thinking in Task ! by group.

Mathematics Level of thinking (representing data) Totat
group I (Idiosyncratic) 2 (Transitional) 3 (Quantitative)  students
Grade 9 i 7 0 8
Grade 11A 0 6 0 6
Grade 11B 0 5 i 6
Total students 1 18 i 20

Onty one student organised the data into categories, e.g. the number of novels read.
The dependent variable in her graph was the number of peopte who read that many.
The pattern of responses was quite different for Task 2, which had 30 items of
data (aumber of CDs bought by 30 people). In response to this task, 10 of the
participants (50%) orgamsed the data mto categories without any promptmg and drew
graphs based on the how many CDs people bought. The other 10 participants
required varying degrees of prompting before they realised how the data could be
organtsed first and then represented graphically. Table 3 shows the number of
students requiring prompts to represent the data in Task 2 in an orgariised fashion.

Table 3: Number of students requiring prompts for Task 2 by group.

Mathematics Number of prompts Total
group 0 i 2 students
Grade 9 4 0 4 8
Grade 11A i i 4 6
Grade 11B | 5 i 0 6
Total students 10 2 8 20

There was no significant effect of mathematics group, nor of Grade level. However,
there was a significant difference between the Grade 11 Mathematics A students and
the Grade 11 Mathematics B students [x*(2, N = 20) = 6.67, p < .05) indicatmg an
effect of mathematics ability. Students m Mathematics B produced organised data



representations with fewer prompts than students in Mathematics A, Interestingly,
there was no similar ability effect for students m Grade 9. Of the four Grade 9
students who produced an organised graph without any prompts, two were A students
(high achievement) and two were D students (low achievement). Further, the other
four students who required two prompits to assist 1n organising the data were spread
across the achievement spectriirn — tirerr resuits were A B, C,and E.

Discussion

The effect of dataset size seems to nmply that when students see the need to organise
data they are more inclined to draw an organised graph. The nature of statistics vis-a-
vis data handling comes to the fore when students are faced with a large dataset.
Unfortunately, not all students understand how to organise the data m such sitvations.

What factors come into play m determining how well students are able to
organise the data? This study showed that there was an ability effect demonstrated,
but it evident m Grade 11 students but not Grade 9 students. The ability effect is quite
understandable, but why only Grade 11 students? Either the levels of achievement
allocated by the schoot for the Grade 9 students are not valid measures of their true
mathematical ability, or the ability effect 1s more to do with mathematicai processes
such as categonsing than passing standard mathematics exams, The study concluded
that there was no age effect — Grade 11 students did no better than Grade 9 students,
So 1t appears that performance at drawmg orgamsed graphs1s related to some extent
to a general mathematics ability rather than age.

Another factor relevant to some students’ difficulties in organising numerical
data may be the mathematics curmiculum m its various forms — the formal syllabus,
the school work program, the mntentions of the teacher, and students’ experiences m
the ¢lassroom. Hopefully secondary students would have had extensive experience i
collecting, organising and representing data over seven vyears of primary
mathematics. The current state-wide Mathematics syllabus, which has been in official
use smce. 1987, mcorporates statistics from Grade 3 onwards, Topics mciude
collecting, organisig, and representing data with vanous forms of graphs — picture
graphs, bar graphs, line graphs, histograms and circle graphs. However, most of the
examples :shown m the support booklets mvoive categoncal data, and very few
nvolve numerical data. With such an emphasis on categorical data 1n the syllabus, it
would be of no surprise if teachers had a similar emphasis, giving students more
experience with situations nvolving categorical data compared to numerical data.

Angther syllabus-retated issue 1s the approach taken by teachers in the teaching
of statistics. At one end of the spectrum of teaching approaches is a mechanistic
approach (Ernest, 1989) which mmplies teaching ruies and formuiae (e.g., for finding
mean) and using data out of a text book. At the other end of the spectrum 15 a
dynamic approach (Russell & Friel, 1989) m which students mvestigate an 1ssue of
interest to; them by collecting, analysing and Tepresenimg promary data. It could be
that dunmg the students’ school careers, most of their teachers have used the
mechanistic approach 1n preference to the dynamic approach. In the mechamstic

approach, teachers would have given the students secondary data that are already
grouped. Hence the students wouldn't have had to think through the reorganisation
step, thus Tmssmg a crucial stage of the data-reduction process. The author contends
that if more teachers used a dymamic approach, and if an expanded range of
techmques for data organisation was specified in the school curnicutum and taken up
by teachers, then students’ would find organising and representing data easter.

A number of other issues did anse from the study. The first 1ssue concerns the
participants’ chotce of direction of axes m the process of constructing the graphs.
Many hesttated over which variable was the independent varable and which was the
dependent variable, especially m Task 2. In Task i, most chose “students” as the
independent variable and put 1t on the horizontal axis. Then they chose “the number
of novels read” as the dependent variable and put 1t on the vertical axis, thus
producing a series of vertical bars — one bar for each observatton. (See Figure i.)
However, in Task 2, when faced with data that had to be grouped according to how
many CDs were bought, many participants had difficulty in determning that “the
number of CDs” was the mdependent vanable and “the number of students buymg
that number of CDs” was the dependent variable, This apparent reversai of axes
caused some difficuity for the number of students.

Perhaps this difficulty 1s associated with an mherent complication 1 the data-
reduction process. In collectng the raw data, such as how many CDs peopie bought
durmg the year, “the number of CDs” is the dependent variable — it depends on who
you ask! However, when orgamsing the data, “the number of CDs” becomes the
dependent variable, and “the number of students” becotnes the dependent varable:
the number of students vanes according to how many CDs they bought! The data
have been transformed by the organisation process. Related to this complication was
the choice between hotizontal or vertical bars m drawing their bar graphs. For most,
1t was determined by the labeis they gave the axes. If they wrote “number of CDs” on
the horrzontal axis, then the bars drawn were vertical. If, however, they wrote
“number of CDs” on the vertical axis, then the bars drawn were horizontal.

Another observed difficulty was coping with zero — zero novels or zero CDs.
Firstly, some students did not realise mitially that zero was a legitimate piece of data,
and that they had to allow for it m their orgamsation of the data. (In the Task 2
scenar1o, two peopie bought zero CDs.) Secondly, m representmg the fact that two
people bought zero CDs, the bar can’t be located at the mtersection of the two axes —
the verttcal axis has to be located away from zero on the x-ax1s.

The last significant 1ssue noted during the interviews was how helpful the table
of values was to most of those who had difficulty mitially m working out sow to
organse the data. Seeing a blank table of vaiues seemed to “turn on the light” for
them. They immediately knew what to do, filled in the table, and drew the graph.

A number of implications for teaching arise out of the results of this study.
Firstly, 1t 15 clear that the formal syllabus needs to distmgish between categorical
and numerical data, and to place more emphasis on situations involving numerical
data. Categonical variables have their place in the early Grades but beyond the



middle-primary Grades, they should take a lesser role. Teachers then need give
students greater exposure to organising and representing numerical data, Further,

the data. Teachers should not waste too much time on drawng graphs based on
mdividual measures; they should get onto organismg the data €.g. rank ordering, .
grouping, and tabulatmg. During this procedure 1t would be beneficial for teachers to
offer scaffolding to the students (Wood, Bruner & Ross, 1976) by talking through the
processes and their reasoning behind the steps.

In conclusion, 1t is worth reierating that a dynamuc approach to teaching
stattstics would be the means of integrating - all of these curriculum and teaching
18sues to mmprove students’ sdlls 1 representing numerical data,
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