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This paper considers the evolution of researchatissics education since the introduction
of chance and data into the Australian mathematiosiculum in 1991 and presents
selected outcomes of research into students’ utaheling of the content in the chance and
data curriculum, using them to argue for a chamgemphasis in the classroom in the
teaching of chance and data. These suggestiong miligih influence current curriculum
revisions taking place within Australia and New [&eal. Building on the history of the
discipline of statistics and its introduction iritte school curriculum, it is argued that topics
in the curriculum associated with expectation, sashthe mean, generally have preceded
those associated with variation, such as the stdrdiviation. Research however, suggests
that children develop an appreciation of variatimiore expectation, and this knowledge
should influence the order of the introduction s$@ciated topics and their juxtaposition in
the curriculum and the classroom.

The history of the discipline of statistics is dieorthan that of most of the other
mathematical sciences, particularly those includedhe school curriculum. Emerging
from concerns with chance mechanisms in th& déhtury (Hacking, 1990) and the social
concerns of the f8century (e.g., Bernstein, 1996), thé"2@ntury saw the maturing of the
theoretical and practical areas of the field todpee a sophisticated discipline that
contributed greatly to many other fields of endeav&alsburg, 2001). As with many other
areas of study, especially science, which camertmimence in the 20 century, the
question arose as to how much foundational undeistg of statistics was required for
non-specialist citizens and where this should beqa in the school curriculum.

By the time the field had matured, the basics cbel@xpressed in relation to measures
of central tendency and spread, mainly the meanssamudard deviation. In considering
these two measures in terms of the associated nuskilks being taught in the school
curriculum, the mean required addition and divismwhereas the standard deviation
required the mean itself, as well as differencgsaees, addition, and the square root. In
terms of the complexity of these operations the meauld be taught in Grade 5 or 6,
whereas the standard deviation was left until matdr, at least Grade 10, if not Grade 11
or 12. Unfortunately the result of such a focughie curriculum was that the idea of central
tendency -expectation- was introduced but spread/ariation — was not emphasized. The
idea of spread in a distribution of data values waglicit in the need to calculate an
average or central value but this was rarely magéas.

As Shaughnessy (1997) pointed out, the neglectdefis of spread in school
mathematics curricula is likely to be associatedhwhe mathematical complexity of
calculating the formula for the standard deviati®me suspects that a mentality has long
existed in the mathematics curriculum that if thesenot a calculation to perform in
relation to a concept, then the concept is not hvaricluding in the curriculum.
Considering the structure of the curriculum sugegdty Holmes (1980) — data collection,
data tabulation and representation, data reductoobability, and interpretation and
inference — it was the areas of data reductionpaiaability that received initial attention
in the mathematics curriculum. The arithmetic meppeared as early as Capel's (1885)



Catch Questions in Arithmetic & Mensurati@nd the calculation of probabilities was
common in algebra books from the mid-twentieth egn{e.g., Hart, 1953). The research
of Mokros and Russell (1995) on school studentslemstanding of average reflected these
observations, indicating that students appreciatadous ideas of middle but rarely
displayed an understanding of an average valuerimessense representing the set of data
values from which it was derived. When the curticalwas expanded to take in Holmes’
ideas (National Council of Teachers of Mathemati@39; Australian Education Council
[AEC], 1991; Ministry of Education [MoE], 1992), was natural that teachers continued
to focus on the aspects that were familiar to tifiem their own previous experiences in
mathematics. Concepts associated with data caleend sampling, data tabulation and
representation, and interpretation and inferenegewnuch more descriptive and nebulous,
often not leading to a single correct answer.

The Rise of Variation

From a theoretical viewpoint the averages of daduction and the elementary
probabilities of chance are examples of the mattiealadea of expectation. Focusing as
they do on specific values they draw attention afsam the data sets or distributions that
create them. As David Moore (1990) pointed out, &y, in his seminal work entitled
“Uncertainty,” it is the omnipresence of varialylih the world that creates the need for
statistics, otherwise there would be no disciplWéld and Pfannkuch (1999) supported
this view based on their interviews with practisisitisticians, where they found that
variation was consistently singled out as the &icgmt element of all investigations.
Moore also acknowledged the importance of expextat his definition of random when
he juxtaposed the expected pattern of outcomes umtertain individual outcomes. The
recent contribution of Konold and Pollatsek (2002using the metaphor of “data analysis
as the search for signals in noisy processes” §p) & significant in providing another
angle on the issue and stressing the pre-emineneariation. It is this tension between
variation and expectation that makes the study robability and statistics and their
applications so interesting.

In 1993, Green, in considering the new data hagdiurricula around the world, began
to ask specific questions about students’ undedstgrof variation.

« What do students understand of variability and koes this originate?

* What are the implications for not introducing tlecept of spread in the education

of young children?

« What are the essential experiences needed to geweléull appreciation of

variability? (pp. 227-228)

With the impetus of the calls from Green and frohm&hnessy (1997), several projects
(e.g., Shaughnessy, 2002; Watson, 2000) begarcts fmore directly on school students’
understanding of variation in relation to the olechance and data curriculum, in an
attempt to answer these questions. Although sonanfys from Australian research have
been reported elsewhere, this paper focuses drethiening understanding of students and
development into the middle years in order to malkggestions for the classroom and
curriculum in terms of both variation and expectati

Method

The data for this paper are extracts from studaetrviews conducted with seven six-
year-old children and with many older children, niifrom Grades 3 to 9 but a few in the



senior grades. The six-year-olds had participated rich mathematics program but had
had no specific work related to chance and datatggvia& Kelly, 2002). The older
students had experienced the programs in chancelaadtheir schools provided but no
instruction related to the research project at tihee the interviews took place. The
protocols were developed for children in Grade & ahove. The topics of interest were
related to drawing 10 lollies from a container 601 of which 50 were red, 30 green, and
20 yellow, and predicting how many would be redI)K& Watson, 2002), to explaining
the meaning of an average daily maximum temperdtréheir city for a year of T
(Watson & Kelly, in press), and to creating a pigaph with cards depicting books and
children to show how many books each child had eadito make predictions based on
the display (Watson & Moritz, 2001). Details of a@aiollection are in the aforementioned
papers.

Young Children’s Appreciation of Variation and Exjpegtion

Evidence from six-year-old students suggests thHaty tdevelop an intuitive
appreciation of variation in the world about themfdre they develop intuitions about
expectation. With respect to drawing 10 lolliesnfréhe container with 50 red, 30 green,
and 20 yellow, the six-year-olds interviewed maeaspnable estimates but did not have
the experience to provide reasons based on theogimps in the container. This is
illustrated in the following extract.

(S1) [I: How many reds do you think you will getybu pull 10 out?] Umm, probably umm
something like 5 or more. [I: Why do you think tAhBecause when | put my hand in umm,
some reds are on the top and some reds are orottoenband | would get the top reds and
there’s sort of, something like 10 on the top addbke doing it in a corner or something and
there’d be like 5 reds in one corner. [I: Now if Wil this several times do you think you
would get the same number of reds every time?][N&Vhy don't you think you'd get the
same number every time?] Because every time | h@mtup some would be on the bottom
and then others would be on the top because tloerd be less on the top. [I: Now | want to
ask if we drew the 10, what number of reds woulghsse you?] Something like 8. [I: Why?]
Because — they are so little that they can slipobyour hands and I'd be surprised that I've
got so many. [I: Suppose six of you do this experimWhat do you think is likely to occur
for the numbers of red lollies that are written d@\v4, 5, 1, 3, 6, 8 [I: Any particular reason
you chose those?] Umm, because they are little Bmnbnd that they can — they could
probably fit into my hand.

The comment “5 or more” acknowledged possible VWiama as did not getting the same
number every time and the six different suggestatlies; the supporting reasoning
however was idiosyncratic. The closest justificatto proportional reasoning was shown
by a boy who thought a long time at several placsgponding as follows.

(S2) [I: How many red ones do you think you mightd | think | would get ... about 5. [I: Why
do you think you might get 5?] ... Because there’ss0 think | might get 5, because there’s
5 pl.. 10, so ... [I: ... Would you get 5 again?] [skalhead, no] [I: You might get something
different?] [Nods head, yes] [I: Why?] Because guéme you do something it's a different
way. [I: How many would surprise you?] Umm | thigk ... because 6 is my favouritest
number. [I: Suppose six of you do this experim&dhat do you think is likely to occur for
the numbers of red lollies that are written dowh?, 5, 3, 2, 8 | thought 4 and 6 because 4
and 6 would be 10 and ... 5 and 3 ... were 8, andtBought | would put the 8 at the end,
and the 2, I just thought that is my second besthar.

At first this child showed potential for apprectatiof both expectation (“there’s 50 ... so
5") and variation (“it's a different way”) but thereverted to idiosyncratic reasoning with
respect to the task. For the protocol on drawingek from a container, all children



appreciated that different outcomes were likelynautiple draws but there was only one
slight intuition about proportion (noted above).

For the protocol on the maximum daily temperaturetheir city over a year, it was
realised that six-year-old children would havelditappreciation of the meaning of an
average yearly maximum but it was of interest tplese their understanding of how
temperatures vary and whether there would be aomg ©f expectation displayed. When
asked what the average maximum ofQ7meant, most indicated that it was “hot” or
“cold.” All were aware of temperature as a meas@menand most had watched the nightly
weather forecast on television. When asked if ajiscthad a maximum of 3@, almost all
disagreed, acknowledging variation. When asked xjolagn, several could distinguish
summer and winter. The most articulate of theséamgbions was the following.

(S3) [I: What does this tell us about the tempeeitli That is quite hot if it was 17. [I: Do you
think all of the days of the year had a temperanfré 7’?] No, because you get summer,
winter — summer, spring, winter, autumn, then sumaggin. [I: What does that mean?] You
get, it's like hot ... mild or cool, cold, mild or o and then hot again.

Although not all children were certain about whetak days had a maximum temperature
of 17°C, one suggested the other extreme, “Every sitgtg fday] is different.” Asked to
predict temperatures for six different days of ffear, the children suggested different
distinct values, some of which were not reasonéiie 88). They did not return to seasons
in explaining the six chosen values and were insterst in predicting monthly maxima
for July and January in relation to each otherthedentire year.

In the protocol on representing books children heatl, ideas about variation were
expected in the pictographs produced and subseglesotiptions of them, whereas ideas
about expectation would be related to the abititynake predictions in association with the
pictographs. All six-year-olds could count corrgdilit some produced piles of cards that
could not be distinguished from each other, whea¢hsrs produced visual displays laid
out in rows or columns. After the students had poed their representations of the books
each child had read, they were asked what somemrid tell who came into the room and
looked at their displays. Other than telling imagive stories, expressing differences, i.e.,
variation, in the numbers observed was the extentwhich students progressed in
describing their displays. When asked “Who likesdiag the most?” they all replied the
student with the greatest number of books besidadmme. They hence could compare and
contrast the numbers of books assigned, althougie $@d to recount their piles of cards.
The idea of expectation for this protocol was esdab predicting the number of books read
by Paul, a new boy introduced into the scenaria@ by Helen, a new girl. The data
provided to this stage of the interview had gapsstuime numbers and the girls had read
more books than the boys. The six-year-olds folmedprediction task quite difficult. One
boy refused to predict altogether — he did not gkessing. Other predictions included that
Paul had read three books, “because one of mysist¢hree [years old],” and that Paul
had read zero “because it was his first time inltheary and he doesn’'t know how to
choose books.” None of these students used thermatmn available in their
representations to express an expectation for Raubne boy suggested Helen had read
six books, “because no one else has got six.”

What is learned from six-year-olds? They are awvtlaaé variation occurs in the world
around them: in numbers of red lollies drawn fronecamtainer, in the maximum daily
temperature, and in the number of books differéritieen have read. What of course they
do not appreciate is appropriate variation arounes expected value: the proportion of



red lollies in the container, the yearly averageiimam temperature, or the pattern shown
in a representation they have produced. In faciesrly all cases, they do not appear to be
aware of the existence of an expected value.

The Development of Appreciation of Variation ancpEgtation

This section focuses mainly on student developrttfaough the middle school years.
In relation to the predictions related to drawirggliés from a container, all children
suggested variation in the six trials they wereedsto predict. Improvement occurred
across the grades in focusing the variation mopeaguiately both in terms of an expected
value of five red and the total range of valuede@fprimary children suggested outcomes
ranging from O to 10 red, that is all possible ealurather than a range of likely values, say
3 to 7, or 2 to 8. Justifications for the choicesved from mainly idiosyncratic ideas, to
arguments based on there being “more reds” or “meds than yellow or green” in the
container, to arguments based on *half are redé&s€&hlast responses initially had an
intuitive focus on centre, such as “mostly aroundn8 mostly reds,” or “some might go
higher, some might be lower, but half of them i&.té&ew students by Grade 7 or 9 had an
appreciation of the appropriate distribution inmerof the degree of variation that would
be reasonable about the middle value of 5. Thevatlg extract from a Grade 7 student
illustrates the highest category of response faldfei school students.

(S4) [I: ... and pull out a handful, how many redyd think you might get?] Five. [I: Why do
you think you might get 5?] Because half of theteats of the container is red and so you
should expect to get half the amount in what yoli put. [I: Suppose you did this a few
times... would you expect to get the same numbeeds$ every time?] No. Because it's just
the luck of the draw most of the time. You'll geband the same amount but not exactly the
same amount. [I: How many reds would surprise you@tkon about 8 or 9. [I: So why do
you think 8 or 9?] ...cause again there’s only Hadf tontainer filled. So you'd still expect to
get some yellow and green in there, so you woulexytect just to pull out this huge handful
of red ones, cause they'd all be mixed up. [I: S1g8p6 of you've come along and done this
experiment... Can you write down for each of the pedpe number of red that would be
likely?] 5, 3, 6, 4, 5, 4 [I: So why have you cheskese numbers?] I've chosen them because
they're around the middle number that | chose ah# so there’s a bit of give and take for
different mixtures... cause obviously they'd mix themm after each go and you never know
they might bring all of the other ones up to the. to
This student produced a graph for 40 imagined ooés for drawing 10 lollies that
reflected the appropriate shape of the distributedoout 5 reds but the spread was
somewhat greater than would be expected.

In considering the protocol on the average maxinaaily temperature for a year, the
sources of variation that were suggested reflecteahy different aspects: differences
during the day itself, differences from values jregtl on the weather forecast, differences
between their city and other parts of the countryorld, differences in the seasons, and
short-term fluctuations over a few days. Not alltiése responses were relevant to the
questions asked but they illustrated the bread#tuafent intuitive appreciation of variation
in the context.

(S5) Well sometimes you can’t always rely on theather... because | can remember one day
when | was down in Hobart, that it was freezingdcahd it was supposed to be 17° ... and
well sometimes it's hard when you're sort of thimgiabout what the weather’'s going to be,
knowing what to put on, when it can change latehenday. (Grade 3)
The most common explanation for variation in thegerature was seasonal change. In
predicting six temperatures throughout the yeawdwer, some younger students based
their judgements solely on personal experience:l'thie maximum temperature which we



have ever had was 32 ... probably like at least atdbe twenties, 25 ... 18, 21, 16, 26
[Why?] Basically because we had like temperaturearad them” (Grade 5). Appreciation

of appropriate spread grows over the middle ye@ssjoes the appreciation of clustering
around the yearly average. The subtle developmeninderstanding is shown in the

following two Grade 7 responses.

(S6) [I: What does this tell us about the tempggrin Hobart?] It's not really high, like up in
Darwin but it's not absolutely freezing like in Asmttica or somewhere. [I: So do you think
all days might have a maximum of 17°C?] No. Becamae days you would get like a day
that might go to 30°C, if it is really hot, and @ bf days could get much colder. [...] Six
Temperatures: 12, 23, 17, 19, 14, 20 [I: Why?] Beedike, it could be anything basically —
it depends, but the average is 17, so it would beertikely to be within a certain range, but
up like 40 or down to zero. [l: ... So what have yaene there (see Figure 1)?] It's the
highest in January, February, and December caas's the middle of summer... The coldest
would be around here in winter. In around thesdiaes, it's around middling. [I: It's
interesting you've got May a little bit higher her¢ Yeah, it could change. There'd be a
lucky day sometimes. It could just go up over.gb are these temperatures, are they what,
maximums, or averages or...?] Yeah, maximum averages.
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Figure 1. Grade 7 graph of average maximum darhperature over a year.
In contrast to the previous student, the followiage is more focussed on the
distribution of temperatures directly related te tjuestions and indicates an appreciation
of two types of variation, daily fluctuation andasenal trends.

(S4) Itis cold. Either you get — in Hobart obwstyit means that there’s a lot of cold days betth
there’s a few hot days in there but the numberdd days is outnumbering the number of hot
days bringing the total down. [I: So do you thidkdays have a maximum of 17?] No, | think
they could be hotter — some of them — most of theenfair few of them might have been
higher but then you have got all these ones treareally low. Like dismal. [I: What would
the maximum be for 6 different days of the year@]isSthis like for a set period of time, like
during a week, or can is be like one during wintere during summer...? [I: Do what you
want, just go for it.] Six Temperatures: 19, 29, 1%, 35, 31. [I: Why these?] | just, | made
the choices ... to give a wide range of the possi#mslibecause quite often you have a very
cold day but then of course you have very hot @daysso the rest are just spread out through
the middle to show that they are through the middié all different, you can get all different
temperatures no matter what.

In responding to the protocol to represent the remalof books children had read,

primary students had no difficulty in arrangingdays of the book to show the variation
among children. A few older students went furtherearrange their pictographs when

given extra information.
(S7) I would probably also change it around soénivfrom the person who read the least books
. and then slowly getting bigger. It would be a imibre easier to look at and you could
follow it down logically ... it's quite clear that da and Anne both read 4 books. (Grade 12)



The older students were more likely to be awarthefusefulness of the distribution of the
values to tell the story of the number of booksdreBhey were also more likely to be
speculative in responding to questions such aslikkse reading the most: “Well it could
be Lisa [who had the most] but it doesn’t reallyamehat shdikesit. She might be forced
to” (Grade 7). Considering the expectation of thenber of books read by Paul or Helen,
the new children in the protocol, responses rariged “I couldn’t tell because | haven't
been given the information” (Grade 5) to “3, be@aseryone has read 1 to 6 and 3 is in
the middle” (Grade 7). The latter response consili¢he range of values in the pictograph
but some students appeared to ignore the pictogaaghjump straight to an algorithm:
“INo value given] Just the average of these. [IW3D ... You just add them up, then
divide it by the total number of people” (Grade .J@hother student who suggested using
averages also considered the variation shown fgg bad girls in the pictograph: “...with
Paul you could take an average ... because boys gee to read as many as girls. So |
reckon Helen would probably read more than Paufaf®é 10). It could be argued that
with respect to this protocol, students’ first itituns involve variation, later they focus on
“most,” and after being taught the mean algorithms toverrides intuitions and they
perform calculations. Finally, however, some pw tleas of variation and expectation
together to provide balanced conclusions.

Returning to Green’s (1993) first question abowt trigins of understanding of
variability by students, what is seen in the depmient of student understanding of
variation and expectation documented in interviéwasn early childhood to the middle
years is the following progression:

* intuitive appreciation of variation as change onfumiformity of outcome;

* intuitive appreciation of expectation without théildy to associate it with

mathematical theory (proportional reasoning or ages);

» developing appreciation of appropriate variation straightforward contexts

(random generators and common physical phenomeamaasuheight or weather);

« ability to use qualitative terms to express exgemasuch as “more” or “most”;

* slow development of ability to apply proportionakasoning to quantify

expectation;

« eventually the ability to tie together expectatéomd variation as integrated notions.
These observations from interviews support the thggis on the development of the
concept of variation put forward by Watson, KelBallingham, and Shaughnessy (2003).
They proposed four levels of development: preretpsdor variation, partial recognition
of variation, applications of variation, and criicaspects of variation. Throughout their
model, increasing ability to handle mathematicalpestation was observed, with
proportional reasoning only appearing at the higlesl.

Practicallmplications for the Curriculum and Classroom

These outcomes and Green’s (1993) second quedbiout ahe implications of not
introducing variation to young children demand aser look at current curriculum
documents and at the issue of whether variationexipeéctation are deeply embedded in
them. The terms variation and expectation are eutd in the Chance and Data section of
A National Statement on Mathematics for Australi@chools (AEC, 1991). Band B
(around Grades 3 to 6) Data Handling experiencelustralia, for example, focus on
questions, representations, and sampling, witle Iiint of variation involved in any of
them. The term variation appears once in the osgasiin the Australiafrofile (AEC,



1994), in relation to Chance: Understanding, edtimgaand measuring chance variation.
This is striking becauseowhereat any level in the detailed description of thigamiser is
the word used again. INlathematics in the New Zealand Curricul(iMoE, 1992) the
Statistics section also avoids the word expectdbainvariation and associated ideas are
used meaningfully from Level 5 (around Grades 9 a@f Other words associated with
mathematical expectation and variation in termscbénce and data handling occur
sporadically from the early bands or levels in biddsuments. A few examples are given in
Table 1. These could be linked more directly touhderlying concepts.

Table 1.

Examples from Australian (AEC, 1991) and New ZeahlmoE, 1992) Curricula

Experiences with chance should be provided Experiences with data handling should be
which enable children to: provided which enable children to:

Describe possible outcomes for familiar random  Recognise that repetitions of the same experiment
events and one-stage experiments (AEC, p. 166) may produce different results (AEC, p. 176)

For random events, systematically list possible Use and interpret interquartile range and compare
outcomes, deduce the order of probability outcomesvith range (AEC, p. 178)

and test predictions experimentally (AEC, p. 170)

Determine the theoretical probabilities of the Use their own language to talk about the distirgctiv
outcomes of an event such as the rolling of a die o features, such as outliers and clusters, in their o
drawing a card from a deck (MoE, p. 188) and others’ data displays (MoE, p. 178)

The terms expectation and variation have sophtsticanathematical definitions in
relation to distributions of variables (James & &am1959, p. 151). This may be one
reason why they rarely appear in curriculum docusenrelation to chance and data at the
school level. Both words however have colloquialamegs that can encompass ideas
associated with pattern and prediction or withiglichange and spread. These ideas can be
built in informal fashions that can lay a foundatidor later more mathematical
understanding, in particular starting with an awass of variation. In answer to Green’s
(1993) third question about the essential expeeemeeded by students, these should be
made more explicit in both curricula and classrooms

* Put Variation and Expectation at the top of thericutum as organisers for all of

the detailed descriptions that follow.

* Begin with young students’ innate intuitions abdlg variation they see around

them in the world.

* Use discussion and description to develop waysfaisenting variation.

* See graphs as a way of showing variation in das sestating this explicitly as

often as possible in the story-telling process.

* Use variation as a contrast to expectation andragbtforward non-mathematical

contexts begin to ask questions such as “What dthink will happen? Why might
it not happen? What might happen instead? WoulBevgurprised? Why?”

* Move to expectation with simple random generatohene repeated experimenta-

tion can take place.

» Constantly reinforce what is observed and recomdéerms of varying outcomes.

* Record and graph both chance outcomes and datesyadtoviding reinforcement

for both what is expected to happen and how vandtiom this occurs.

* Provide many repetitions of random experiments atiter data collections to

reinforce the juxtaposition of variation and exja¢icin.



In some settings the expectation is for a singlaeyasuch as the number of red lollies
in a handful of 10, and the variation from thatwsaproduces a distribution of outcomes
that reflects the theoretical distribution expechbein a random process. Similarly if the
heights of a number of students were measured amohed, a distribution would be
produced. In this case the expectation might beudsed in terms of middle of the
distribution and the average calculated to reftbid representative value. In the first case
the expectation might be discussed first and thendistribution graphed to display the
variation from expectation. In the second, variatie likely to be the main interest as
heights are graphed and then the mean (expectes)vablculated to summarise the
display in a single value. It is the juxtapositmithe two ideas that is important.

In more complex settings the expectation may besdam the distribution itself,
questioning for example if variation in an observddtribution of outcomes or
measurements is sufficiently different from the ested distribution to arouse suspicion
about whether the observed process is consistéhttine expected process. This type of
question is considered by Watson and Kelly (2064erms of many repeated trials of 50
spins of a 50-50 black-and-white spinner. A scenariset of classes carrying out the trials
of 50 spins many times with some classes cheatmpadhers actually completing the
random process. Expectation in this case is relaterl symmetric distribution around an
expected value of 25 “successes” and variationbiserved in relation to the idea of
difference from a reasonable spread of values ar@&n A distribution centred around 35
would not be consistent with the expected distrdsytnor would a uniform distribution
spread across 0 to 50. Discussion of such “metati@n” and “meta-expectation” can take
place in concrete contexts in the middle schoodjlbefore statistical tests of goodness-of-
fit are introduced. The intuitions built upon gramph experiences and discussion of
variation should help make sense when interpregiaglues in later years.

If variation is the foundation of statistics, withtowhich statistics would not exist
(Moore, 1990), then it is expectation that drawnmation from variation to lead to an
inference. Both statisticians (e.g., Wild & Pfanoky 1999) and statistics education
researchers (e.g., Konold & Pollatsek, 2002) natvcite that variation is the pre-eminent
idea, and this is supported by the research predentthis paper. It ithenthe balance
between variation and expectation that providedidence in statistical decisions made.
This is expressed in tests of significance or aweifte intervals in senior courses but
learning to appreciate variation, and its relatiopgo expectation, can and should begin
very early with suitable concrete experiences arestioning.
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