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In an environment where cross-curricular or intseifilinary activities are being
recommended for classrooms, the question of thesas®ent of multi-faceted objectives
becomes important. Should multiple tasks be empldpe multiple objectives or can a
single task be devised in a manner such that nhame dne rubric can be used to assess the
multiple objectives? As a first step in the direntiof using a single task for more than one
objective, a task from statistics is employed tplese the possibility of assessing the two
ideas of Expectation and Variation using two rubrin the same task. Advantages,
disadvantages, and educational implications aréoesgh.

The wider context within which this study took pdas a reform-based, values-focused
curriculum that encourages transdisciplinary attési The motivation for this study is the
reform-based curriculum in Tasmania. The curriculisncentred around five Essential
Learnings: thinking, communicating, personal fusjreocial responsibility, and world
futures (Departmendf Education, Tasmania, 2002). Other Australian statel territories
are also reconceptualising curricula in terms wiilsir over-riding big ideas. In the United
States, reforms are occurring within the mathermatigriculum itself (National Council of
Teachers of Mathematics, 2000) and place importamceéhe connections among, and
applications of, the domains within mathematicseSéh changes are consistent with the
wider reforms.

Changes in curriculum and accompanying pedagogyd ree be matched with
appropriate changes in assessment practices (Re&niResnick, 1985). This poses
considerable challenges for the devising of assessmasks in a transdisciplinary
framework (Skalicky, 2004). As activities becomeremoomplex, the need to assess many
aspects of the expected outcomes becomes impoitarttave a different task for each
area of interest, however, may create a plethorasbfuments or questions for students to
answer: “efforts to assess thinking and problemrisgl abilities by identifying separate
components of those abilities and testing thempeddently will interfere with effectively
teaching such abilities” (Resnick & Resnick, 198143).

In examining assessment issues within the contéxteform-based curricula, it is
necessary to look further at the issues surrounttiagassessment of multiple objectives.
“The assessment of multiple solutions or multiplghg to a single solution, will occur
only when we have an approach to assessment thattlie same principles as
contemporary approaches to mathematics educatigah (den Heuvel-Panhuizen &
Becker, 2003). These principles involve valuing fivecess of student thinking about a
problem, not just the solution to it. In both teiach and assessment this requires
acknowledging the stages involved in understandimjaddressing a task. The rubrics that
are devised to judge levels of progress duringsassent need to reflect the development
taking place and are also likely to be useful iflofeing students’ progress during
classroom activities.

A move toward assessment tasks that require swidemtengage in solving
contextually-rich problems addresses some of tlseies surrounding assessment of
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mathematical understandings. Such tasks requicests to draw on multiple knowledge

constructions and sometimes other in-school anebbathool experiences. Students may
privilege some constructions over others, negotibween areas of knowledge

construction, and at the highest level, integratétiple constructions to fit the assessment
task (Kastberg & D’Ambrosio, 2004).

As a starting point for developing multiple rubritcsbe used with single tasks, a task
from statistics education is considered where pleltiobjectives are a feature of the
expected learning outcomes. Although many topicshsas data collection, graphing,
averages, probability, and inference are mentianedchool statistics curricula, recent
research has shown that fundamental juxtapositiongxample between signal and noise
(Konold & Pollatsek, 2002) or between expectatiod wariation (Watson & Kelly, 2004),
describe the dilemma faced by students when comsgstatistical problems. Expectation
implies pattern and specific values, perhaps basetheory, whereas variation implies
change or difference, usually from the pattern pecfic value. Traditionally the
curriculum has concentrated on the former and ddtedents do not recognise the latter.
Tasks are often stated in terms of expectationgwgn Moore’s (1990) view of the
omnipresence of variation it is important to folltiwe development of intuitive ideas about
variation when decisions are made about expectafMthough statistics educators are
beginning to advocate classroom activities thati$oan variation (e.g., Watson, 2002), it is
when assessment also addresses variation thatetsaend students will take such
suggestions seriously.

This study hence focuses on a task that allowshi®consideration of variation/noise
as well as expectation/signal, using separate gsilio assess appreciation of the two
aspects. The study follows the work of Watson arciC (2004) who also used two
rubrics to assess a single task. In their caseatle asked students to describe “unusual”
features of a series of three graphs, which had Ipeesented in the media with small
errors of representation. Of interest in that stuehs the notice taken of variation in
looking for unusual features as well as studenidity to find the errors in the graphs.
They developed two rubrics, one for critical state literacy (in finding errors) and one
for observing variation. Although Watson and Chvesre interested in variation as in the
current study, their other rubric related to thecsfic issue of critical questioning of media
sources, an issue for statistical literacy; thal bt relate their rubrics to the wider issues
of assessment or consider the association of o@sdiased on the two rubrics.

The research objectives for this study are baseti@ifeasibility of developing rubrics
for a single task that explores aspects of botheEtgtion and Variation when statistical
questions are asked. The feasibility is judged by:

i. the ability to devise meaningful hierarchical ralrithat separate student
performance, and

ii.  the association of the measures developed to deterimndeed different features
are being observed.

Methodology

Task The task used in this study is presented in EigurThe question in the task is
stated in terms of Expectation, but most statestisiwould believe that solutions should
include consideration of the Variation that coulfluence the expected outcome and hence
the confidence with which conclusions are reachedknowledgement of uncertainty in
predictions made is at the heart of good statistieaision-making.
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Two schools are comparing some classes to see vghigtter at spelling. Look at the scores of all
students in each class, and then decide. Did tbectasses score equally well, or did one of the
classes score better? Explain how you decided. [@amaparisons are shown: Yellow and Brown;
Pink and Black.]
Number of People
5 5
4 5
3 5
2 4 5 6
YELLOW 1 4 5| 6
1 2 3 4 5 6 7 8 9
Number Correct
Number of People
5
4
3 5
2 4 5 6
BROWN 1 3 4 5| 6 7
1 2 3 4 5 6 7 8 9
Number Correct
Number of People
7 5 6
6 4 5 6 7
5 4 5 6 7
4 3 4 5 6 7 8
3 8 4 5 6 7 8
2 3 4 5 6 7 8
PINK 1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9
Number Correct
Number of People
7
6 7
5 7
4 6 7 8
3 6 7 8
2 4 5] 6 7 8
BLACK 1 2 8 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9
Number Carrect

Figure 1.Comparing group tasgVatson & Moritz, 1999).

Table 1

Number of Students in each Grade and Year

Study Grade 3 5 6 7 8 9 10 12 13 Total
1993/4 Tasmania/SAustralia 23 8 21 8 0 28 0 0 0 88
1997 Longitudinal Tas/SA 0 0 5 8 6 0O 15 5 4 43
2000 Tasmania 18 18 0 15 0 15 0 0 0 66
Total 41 26 26 31 6 43 15 5 4 197

Sample The data were chosen for this study as a reprasensample across grades to
give the largest possible range of responses, matrder to make predictions about
performance across grades. Table 1 contains a synohthe grades and time frame from
which the 197 students in the study were intervekwiédne responses for 58 students from
Tasmania and 30 in South Australia in 1993-94 wamalysed only with respect to
Expectation by Watson and Moritz (1999), as were of2the students from the
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Longitudinal data set in 1997 (Watson, 2001). Alldents in 1997 except one had been
interviewed earlier but no students indicated redomn of having answered the protocol
before. Data in 2000 were collected in relatioratdifferent project and have not been
reported previously; data collection is describedWatson and Kelly (2004). None of
these data have been previously analysed with cespa formal Variation rubric.

Rubrics and codingThe two scoring rubrics and their code levelstfer Comparing
Groups task are given in Table 2. The Expectatidmic was revised from that devised by
Watson and Moritz (1999) in relation to making acid®n about differences in
performance for pairs of classes on a spelling @sly the two complex comparison tasks
are shown in Figure 1; others involved pairs of seth six data points in each. The steps
in the rubric reflected the structure of resporeesuggested by Biggs and Collis (1982;
Biggs, 1992), as well as the statistical approgriass of responses in terms of considering
pairs of data sets of equal or unequal size. Tigé three levels of the Expectation rubric
represented consideration of the equal-sized growpereas the last two recognised
success with unequal-sized groups, based eithpraportional reasoning from the graphs
or the use of the arithmetic mean. The Variatidorimuwas devised based on the analysis
presented in Watson (2001) where Watson consideredresponses employed used the
variation displayed in the data as a basis forsi@asimaking. The levels in the Variation
rubric againreflected increased structure in the consideratiowariation in the pairs of
graphs. “More” for example represented a low lgustification for the variation between
the Pink and Black classes when the Pink classcasen as better. High level global
responses integrated comments about groups of aslwith observations about the Black
group having relatively more students with highesres whereas the Pink group had more
with middle scores. Using the mean for example m@sconsidered in terms of Variation
unless discussed in conjunction with other desorgtof variation.

Table 2
Rubrics for Comparing Groups Task

Level Rubric for Expectation

0 No focus on specific features.

1 Single features of the graph used in singgjealsize group comparisons.

2 Multiple step visual comparisons or numericatuakdtions performed in sequence on
absolute values for simpxjualsize group comparisons.

3 All available information integrated for a comgleéesponse for simple group
comparisons. Appropriate conclusions restrictecbimparing groups afqualsize.

4 Multiple step visual comparisons numerical calculations (mean) performed in seqeenc

on a proportional basis to compare grodpR; Single visual comparisons used
appropriately in comparing groupswiequalsize.

5 All available information from visual comparisoasd calculation of means integrated to
support a response in comparing groupsrafqualsize.

Level Rubric for Variation

0 No acknowledgement of variation.

1 Single features evident in only one part of #ekt Single column(s) considered: less than
or equal to two, or no synthes@R Observation of ‘more’ with no further justificatio

2 Single features evident in at least two partsg®i column(s) considered: less than or
equal to two, or no synthesidR ‘More’ with no further justification.

3 Multiple features evident in at least one parbr&ithan two columns considered (but only
columns);OR Multiple features considered: global plus colunsegjuential analysis.

4 Global focus evident in at least one part. Migtiigatures compared and contrasted.
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Results

The distributions of outcomes across the levelbath rubrics for the Comparing Groups
task are shown in the row and column totals in &&blFor this task, the distribution of
response across levels for Expectation shows aeotration at Level 2, indicating that
half of the students could make multiple-step camspas and could distinguish
differences in groups of equal size. The existaianly one Level O response reflects the
interview setting where students were encourageaghswer the task and the fact that all
students were in at least grade 3 and had seentypmef graphical representation. Only
22% of students responded at Levels 4 or 5, beitgta consider groups of different size,
using some type of proportional reasoning. Theribistion for levels of appreciation of
Variation was more uniform than that for Expectatwith 28% of responses mentioning a
single feature of the graphs related to variatiomti least two parts of the task, and 33%
mentioning multiple features of graphs, usuallaredl to columns. Only 11% of responses
mentioned global features of the graphs in conjanawith multiple features.

Table 3
Association of Levels of Expectation and VariafimnComparing Groups task

Expectation Level0 Levell Level2 Level3 Level4 Level5 Total
Variation

Level O 0 2 19 1 2 0 24
Level 1 1 2 21 4 3 0 31
Level 2 0 9 33 12 1 0 55
Level 3 0 6 25 16 14 4 65
Level 4 0 0 1 2 9 10 22
Total 1 19 99 35 29 14 197

As can be seen in Table 3, the association of resptevels for the two rubrics is not
strong. An “indicative” correlation between levdi$ they are assumed to be equally
spaced) is .457, which would explain only 23% d thariance. It appears reasonable to
claim that somewhat different aspects of respottsése tasks are being explored with the
two rubrics. There are some students who can smlgblems involving unequal sized
groups without considering more than single aspettsriation and some students who
consider multiple aspects of variation but canimbtes problems of unequal sized groups.

Another issue in developing meaningful rubrics isether they cater for a range of
students. The data set in this study allows fordmesideration of this by looking at the
distributions of response levels across grade®sélare shown in Table 4, where it is seen
that although there is some indication of overdlident improvement in level of
performance with respect to Variation and Expectatith grade, what is apparent is that
a wide range of performance is catered for and shatvmost grade levels. As well, at
each level of the rubrics there is a range of parémce across grades.

The responses given here are chosen to illusttae differences in levels of
performance for the two concepts. A grade 5 stuflentel 1 for Expectation and Level 3
for Variation) considered several aspects of viammabut only considered single features in
making decisions about expectation.

Yellow class did better because more people galts.f...] The Pink classWhy? Because more
people got 5 or 6 right and then in the Black cla®st of them got 7 but it is around average that
like only one person, but 3 persons got 3 right sman. This means 1 person got 3 and 1 person
got 4 Yes, | know. Right. Does it make any difference that there aoeenpeople in the Pink class
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than in the Black clas$?¥es there’'s more people but it doesn’t really makdifference if you have
got good spellers in your class, you find thas idifferent.

Table 4
Response Levels across Grades for Variation ane&agon

Response Levels - Variation Response Levels - Expectation

Grade 0 1 2 3 4  Total 0 1 2 3 4 5 Total
3 13 9 12 7 0 41 0 6 32 3 0 0 41
5 4 4 10 8 0 26 1 4 18 3 0 0 26
6 1 2 11 8 4 26 0 4 10 8 4 0 26
7 3 4 7 12 5 31 0 0O 13 9 7 2 31
8 0 2 2 2 0 6 0 0 3 1 2 0 6
9 2 9 10 21 1 43 0 4 17 8 11 3 43
10 1 1 2 6 5 15 0 1 5 2 3 4 15
12 0 0 1 0 4 5 0 0 1 1 0 3 5
13 0 0 0 1 3 4 0 0 0 0 2 2 4

Total 24 31 55 65 22 197 1 19 99 35 29 14 197

A grade 12 student (Level 2 for Expectation anddleVfor Variation) compared and
contrasted the features of the two graphs in tesimariation for each pair but could not
deal with unequal sized groups or resolve the g@qpiea issue with equal sized groups.

The people in the Brown class, like one personadigtiscored a 7, both classes have two 6's, |
think having more people with a score of 5 is atyuzetter than having one person with a score of
7 ... the Yellow class because they have got mor@lpescoring an average score and this class
only has a few people and each side is sort ofeseat around and this class is quite direct and has
quite a few people getting an average mark. [...]hBbe Black and the Pink class their 9, 8, 7 is
equal but in the Pink class their 5 and 6 is vég ltompared to the Black class so you would think
they would be better people in that class, becaugbere are quite a few people in that class but
that is equal to the Pink class, like you can sem that those ones there are exactly equal wiere a
those ones there have suddenly dropped, whereaashgemarks have come up quite high like there
are quite a few people getting those scores, simk the Pink class would have to be smarter.

In contrast, a grade 9 student (Level 4 for Exgemtaand Level O for Variation)
immediately focused on a concise mathematical tation to solve for the mean of each
class and did not consider variation.

[Student writes totals under each of the Black owla and totals for Pink columndhferviewer
gives student the totals for each — 130 (Black {Rink] [Student uses calculator a few times:
writes numbers at top of each column to get totahiper of students in each class; writes down
“Ave. 5.5" (Pink); “Ave. 6.19” (Black) and writesadvn; “Black class scored better because the
Average score was .69 better” (uses calculator bece)] .

There were 10 students who performed well on bofgbeEtation and Variation. A grade
13 student (Level 5 for Expectation and Level 4 ¥ariation) used both proportional
reasoning and appropriate descriptions of variation

They both had the same average of 5 ... so theyo$srored equally ... but the Brown class had a
greater variation in scores, whereas the Yellowdagdeater concentration. [...] Well this time there

are obviously more people in the Pink class thathénblack class, but I'd say that the Black class
scored better in that the average is higher bedéese are a greater proportion of them in the, 6, 7
8 range and whereas the Pink class had in the B aadge. And so the Black class had a higher
average.You'd use average for all of the paitsies.
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A small number of students scored low on both Etqiemm and Variation. A grade 5
student (Level O for Expectation and Level 1 foriggon) showed little appreciation of
the task except for noticing “more” and “most” retgraphs.

Probably the Yellow ... because more people got ane. merson got it all right ... or something.
[...] Pink. [Why7 Because they Pink class they all were ... mosheifrt did well. But on the Black
class they didn’t do too bad but .Ngt quite so wellPYes.

About a quarter of the students interviewed fellhwi the middle levels for Expectation
and Variation and were able to consider multipjeeass of both Expectation and Variation
within this one task. A grade 3 student (LevebBExpectation and Level 2 for Variation)
could handle equal sized groups, for example barzahg the Yellow and Brown classes
but not unequal groups, focusing on “more”.

About the same. [Wy?] Because they [Yellow] have got more 5’s, two eyand these [Brown]
have got an extra 7 and 3. [...] Pink. iy Because they have got more shaded and/\hy[ do
you think that isP Because they had more studenRight, does it matte}?lt depends [shrugs
shoulders].

Discussion and Implications

In terms of the research objectives of this styaiygment of the meaningfulness of the
hierarchical rubrics rests to some extent with hee€ or measurement specialists who
would use them for specific assessment purposes.fddt that they can be justified by
increasing mathematical appropriateness and steuatuthe case of Expectation and by
increasing recognition and structural complexitytie case of Variation, supports the
validity of their hierarchical meaning. It also demstrates the value of assessing both
constructs within the one task and begins a negessasideration of construct validity
(Messick, 1994) when assessing multiple objectinea single task, which may provide
helpful insights in a move toward employing moremgbex tasks in reform-based
curricula The spread of responses for students from gradisd saiggests appropriate
coverage for school students. The relatively lowcest of shared variance supports the
view that somewhat different aspects of statisticalerstanding are being tapped.

The results suggest that a single task in statistan be used to provide information
about students’ understanding of both Expectatrmh \dariation. The hierarchical rubrics
used to assess student performance on the taskd@raweaningful feedback on the
knowledge and thinking of students on multiple dasiens and this has implications for
the teaching of Expectation and Variation. What woeild like to achieve by the end of
secondary schooling is the highest level of undedihg on both Expectation and
Variation. It would appear, however, based on sitgleurrently in the school system in
Australia that development does not occur exaatlyparallel for the two aspects of
understanding. If teachers are aware of this tlayadapt classroom discussion to cater
for consideration of the topics in conjunction wigdach other. Further if assessment
practices begin to include recognition of variatignmay achieve a higher profile in
classroom activities.

The advantages of using two rubrics for a singkk thave been covered in the
preceding paragraphs. Are there disadvantages®fit ine claimed that the tasks should
somehow be phrased to alert students to the nediddass variation. It could be argued
that the presentation of graphs should be a cwsneider the variation presented in the
distributions. Given Moore’s (1990) views on thepontance of variation as the foundation
of statistical investigation, it seems reasonabladsert that it should not be necessary to
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make a request for its discussion — it should hataral part of the consideration of every
problem encountered.

As reform in mathematics education values the m®E® of student thinking and the
connectedness of topics, assessment needs to @rteadhers with relevant and useful
information that will inform the teaching processm as many perspectives as possible.
With regard to broader curriculum reforms, singlskis that can be used to assess multiple
knowledge constructions, as suggested in this sty provide not only teachers, but
also writers of external assessment items, wittaméwork from which to begin to match
assessment more closely with the teaching anditepneeds of students.
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