Curricular Development in Statistics Education, Sweden, 2004: Chris Reading, Jackie Reid

Consideration of Variation: A Model for Curriculum Development

Chris Reading Jackie Reid
University of New England ~ University of New England
Australia Australia

Abstract

Consideration of variation has been identified as one of the fundamental types of statistical
thinking, and recent research into the understanding of variation highlights its growing importance.
Curriculum needs to reflect this trend. This chapter proposes a model for an integrated approach to
curriculum development where consideration of variation is used as the linking thread. The application
of this process to a tertiary introductory service statistics course is presented. A hierarchy of levels of
consideration of variation is developed from students’ responses to “minute papers” and typical
responses in the various levels of the hierarchy are discussed. The hierarchy can be used to evaluate the
effectiveness of the integration of variation into the curriculum. This research has implications for
teachers of statistics, in the development of curriculum, and for researchers in the growing field of
students’ understanding of statistics.

Introduction

A focus of statistics education research on statistical reasoning, thinking, and literacy was
highlighted when delMas (2002) introduced a series of articles clarifying the definitions of reasoning
(Garfield, 2002), literacy (Rumsey, 2002) and thinking (Chance 2002). Given the recognized importance
of “understanding” (a recurring theme in all these discussions) and “variation” (a critical aspect in the
study of statistics), the research trend in ‘“understanding wvariation” is not surprising (Reading &
Shaughnessy, 2004; Watson et. al, 2003; Wild & Pfannkuch, 1999, p. 235). A necessary consequence of
such a trend is the need to reconsider the planning, implementation, and evaluation of curriculum. The
research project, Understanding of Variation, funded by a University of New England Internal Research
Grant, was designed to inform this trend by considering how understanding of variation is evidenced as
students engage in the various learning activities and assessment tasks in a tertiary introductory service
statistics course where “consideration of variation” is a core feature of the curriculum.

The project aims to refine hierarchies currently being developed to assess students’ understanding
of variation, to investigate how this understanding develops, and to identify teaching and learning
strategies that assist this development. Such information is critical in formulating curriculum and
evaluating its effectiveness. This report proposes a model for curriculum development based on an
integrated approach and focuses on the analysis of responses to “minute papers” as a means of evaluating
this approach. A minute paper consists of a student’s response to a single question, completed on-
demand, and addressing some aspect of a focus topic.

Background

Integrated Curriculum

A standard curriculum development process should address: what is to be achieved; how it is to
be achieved; and the expected extent of this achievement. A popular cyclic approach to such a process,
prescribed by Nicholls and Nicholls (1981, p. 21) involves revisiting the steps: selecting objectives;
selecting and organizing content; selecting and organizing methods; and evaluation (including assessment
and feedback). The Nicholls’ cyclic approach emphasizes that the approach to content, not just the
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content itself, should be a key aspect of the curriculum development process. Most importantly, this
approach draws attention to the need for curriculum evaluation.

In an effort to better support the learner and to avoid problems associated with students’
fragmented view of the curriculum, integrated curriculum has been proposed as a more holistic approach
to content. Unlike traditional curriculum, integrated curriculum aims to develop understandings through
sustained interaction, conversation, and discussion (Pidgon & Woolley, 1992). According to Murdoch
and Hornsby the goal of an integrated curriculum approach is to extend and refine students’ developing
knowledge (Murdoch & Hornsby, 1997). The approach is “understanding-driven” and, in addition to
providing a means for giving a more holistic view of the content, an integrated approach to curriculum
will also strengthen students’ understanding of concepts as they are explored through different topics
(Murdoch and Hornsby, 1997).

The trend from traditional content-based to approach-based curriculum development necessitates
development of a model for planning the approach. One model used to plan integrated curricula is
“threading”. Potentially useful threads for helping students make connections between various content
areas relate to four main “ways of working”. These ways include cooperating and interacting, reasoning
and reflecting, imaging and inquiring, and assessing and evaluating (Murdoch and Hornsby, 1997, pp. 14-
15). Pidgon and Woolley (1992) tie curriculum to iterative assessment in their description of the threads
as “planned understandings,” which become the driving force for assessing what students already know
and what they may have learned as a result of engaging in the learning activities.

Statistics Curriculum Development

The conventional approach to curriculum, which involves teaching statistics as a series of
techniques, is now being challenged. For example, Ballman (1997) attempted to promote greater
emphasis on variation by proposing a new approach to probability using activities that challenge students’
conceptions of randomness. The need to support such changes was recognized within the American
Statistical Association/Mathematics Association of America (ASA/MAA) Joint Committee. As a result,
several Focus Group Guidelines were based on the following three fundamental goals: emphasize
“statistical thinking”; use more data and concepts, less theory, and fewer recipes; and foster active
learning (Cobb 1992, in Scheaffer, 2000, p.159). The importance of these fundamental goals is
acknowledged by many who propose changes. Moore (1997) uses the guidelines to structure his
discussion of changing content for learners in introductory statistics courses; however, these guidelines
are not evidenced in his proposed content-pedagogy-technology synergy. Hoerl, Hahn, and Doganaksoy
(1997) remind us of the importance of one specific guideline, statistical thinking, when they respond to
Moore about the importance of process. Scheaffer (2000) demonstrates how these guidelines can be used
to broaden and deepen the teaching and learning of statistics by basing curriculum on a process of
“thinking through a problem from inception, to clarification, to data, to analysis, to conclusion” (p.173),
but the suggested overview of a sequence of disjointed topics does not reflect this discussion.

What, then, could be used as a thread for integrating curriculum in a statistics course? Students’
understanding, identified as fundamental to curriculum integration by Pidgeon and Woolley (1992), is an
obvious suggestion. The link between students’ understanding and curriculum development was
highlighted by Petocz and Reid (2003). They developed categories of statistics understanding based on
how students reported their understanding. They then used these categories to inform curriculum
development, concluding that there is a need to accommodate variation in student conceptions.

With this new approach to curriculum comes the need for new approaches to evaluating the
curriculum and assessing student learning. These are tasks that would be intertwined under the notion
that the model for curriculum development depends on students’ understanding. These expanded goals
for student learning led Garfield and Gal (1999, p.7) to investigate the development of alternative
assessment procedures, such as group or individual projects, portfolios of student work, minute papers,
and concept maps. They pose a number of assessment challenges, including assessing students’
understanding of “big ideas” and developing models for evaluating and comparing curricula (p. 11).
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They conclude that it will be difficult to evaluate the effectiveness of statistics courses that approach
content in a new way without first shifting the assessment focus from computations to reasoning.

Model for Curriculum Development.: Fundamental Types of Thinking

When choosing a thread, or “big idea” for understanding, the importance of fundamental concepts
should not be underestimated. The understanding of such concepts is critical to the development of better
statistical reasoning (delMas, Garfield & Chance, 1999). Wild and Pfannkuch’s (1999, p.226) five
fundamental types of statistical thinking could be considered as suitable threads from which to weave the
content of a statistics curriculum. The five types of thinking, which emerged from their interviews with
statisticians and students, are: recognition of the need for data; transnumeration (changing representations
to engender understanding); consideration of variation; reasoning with statistical models; and integrating
the statistical and contextual.

Pfannkuch and Horring (2005) focused on the development of statistical thinking in a research
project with secondary students and used the Wild and Pfannkuch (1999) framework for statistical
thinking to communicate to teachers the types of thinking that need to be fostered in students. Their
proposal for a model for curriculum development emphasizes the need to use one or more of these
fundamental types of thinking as a thread and to map the teaching and learning activities across content
areas.

Consideration of Variation

As a trial for this basis for curriculum development we decided to focus on only one of Wild and
Pfannkuch’s (1999) five types of thinking, consideration of variation, as a thread. We chose
consideration of variation from amongst these fundamental types of thinking because most recent
discussions of new approaches to teaching statistics highlight the importance of understanding variation
(see, e.g., Garfield & Gal, 1999; Ballman, 1997). We also chose this focus because the ASA/MAA Joint
Committee on Undergraduate Statistics (Cobb 1992) included the need for students to recognize the
omnipresence of variability and the ability to measure and model variability in their definition of
statistical thinking.

When discussing the interaction of teachers in the development and implementation of syllabi,
MacGillivray (2005) reinforces the importance of variation by introducing the notion of statistics as the
“science of variation”. Furthermore, Pfannkuch, Rubick and Yoon (2002) focus on the consideration of
variation thinking type in their exploratory study of the thinking involved when secondary students are
engaged in data investigations. Meletiou and Lee (2002, p.23) highlighted the negative impact of a
deterministic approach in the mathematics curriculum on statistics instruction. Such an approach may
leave students with a reliance on the “signal” component of the statistical model without recognition of
the “noise” component (i.e., unexplained variation). Furthermore, deterministic approaches may reinforce
the fragmented view of statistics, rather than Reid and Petocz’s (2002) more desirable holistic view,
which should be central to a complete statistical model. A sound understanding of variation could help
curriculum developers, teachers, and students capitalize on the benefits of a holistic view.

Wild and Pfannkuch’s (1999, p. 226) consideration of variation includes four components:

1. noticing and acknowledging variation: recognizing the omnipresence of variation and the need to
record this variation in discussions;

2. measuring and modeling variation for the purposes of prediction, explanation, or control: creating
summaries (numerical or graphical) to represent the variation in the data and using these summaries
to represent the impact of variation;

3. explaining and dealing with variation: looking for the causes of variation and considering the impact
on design and sampling; and

4. using investigative strategies in relation to variation: formal procedures for looking at the properties
of the variation itself.
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To best investigate students’ understanding of variation it is necessary to delve into as many of
these components of consideration of variation as possible. This approach was taken by Torok and
Watson (2000) when developing their categories of the appreciation of variation.

The Study

Research Focus

The development of a curriculum to nurture the understanding of variation leads to two key
questions. How can consideration of variation be used in the modelling process for a curriculum that
aims to develop statistical understanding? What evidence of consideration of variation emerges in
students’ statistical thinking during assessment activities? The Understanding of Variation project aims
to identify whether the various learning activities and assessment strategies used in a course where
variation is a core concept are effective in developing students’ understanding of variation. Pfannkuch,
Rubick and Yoon (2002) took a similar approach with their analysis of students’ statistical investigations,
identifying evidence of the components of consideration of variation.

Although traditional teaching and learning activities (including assessment) are still useful, with a
new approach to the curriculum comes a need for new tools to assess deeper understandings not just the
students’ attainment of the course objectives. Ridgway, McCusker and Nicholson (2005) identified a
need to embed rich assessment tasks to produce more valuable curriculum materials. Obtaining
information on deeper understandings is crucial for the development and refinement of an approach-based
curriculum “threaded” on “statistical thinking”. This trend to use less traditional strategies for both
teaching and assessment (Garfield & Gal, 1999, p. 4) is evident in Stromberg and Ramanathan’s (1996, p.
159) suggestion to use “entrance” and “exit” slips (i.e., minute papers) to encourage students’ writing
skills. Minute papers are an innovative model for assessment (Garfield & Gal, 1999, p. 7). They are
brief, anonymous written comments on a question in which students describe their understanding of a
particular concept or procedure.

This report focuses on the analysis of responses to minute papers and extends the Pfannkuch,
Rubick and Yoon (2002) approach by arranging the considerations of variation into a hierarchy and
focusing on two additional research questions: What hierarchical levels can be used to describe tertiary
students’ consideration of variation? Can minute papers be used effectively to illustrate students’
consideration of variation?

Methodology

The two-phase research offered a model for developing curriculum with variation as the core and
then evaluated its effectiveness by assessing the evidence of consideration of variation in students’
responses. The research targeted a one-semester introductory service statistics course (with an enrollment
of 46 students) that is studied in science-related fields at a regional Australian university. The course
included a variety of topics with four organizing themes: exploratory data analysis, probability, sampling
distributions, and inferential statistics. The text for the course was authored by Wild and Seber (2000).
The presentation of the content in this text was considered to support the proposed approach, although
throughout each topic the lecturer explicitly referred to the core concept of variation more frequently than
the text. The topics forming the content of the course in each of the four themes were mapped across the
four components of consideration of variation, thus providing a basis for the lecturer to more closely
examine how these aspects of variation were treated. Exploratory investigation and categorization of the
level of consideration of variation evidenced in students’ responses were used to evaluate the
effectiveness of modeling variation as the core for the curriculum.

Although all enrolled students were expected to complete the various learning activities and
assessment tasks as an integral part of the course, responses were only analyzed for the students who
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agreed to participate in the research. Data collection and analysis were performed by two researchers, one
of whom was the lecturer in the course. The complete project included analysis of student responses to
pre-study and post-study questionnaires, follow-up interviews with selected students, four separate minute
papers, a question from a class test, and a question from an assignment. Among these activities only
minute papers were new to the course. The minute paper analysis is the focus of this report.

The minute paper questions (see Figures 1 — 4) reflect the curriculum themes. Minute paper (MP)
1 focused on exploratory data analysis. MP2 focused on probability. MP3 focused on sampling
distributions, and MP4 focused on inferential statistics. The minute papers were displayed on overheads,
and each student was expected to write a concise response on a 15 cm x 10 cm (6” x 4”) card in five to ten
minutes and submit the response immediately. The minute papers were worth an optional 5 percent of
course credit for participation.

Although the feedback, given in the form of a teaching sequence, was based on assessment of the
minute papers in relation to the course objectives, the focus of the analysis here is the consideration of
variation that was evidenced in the responses. The Torok and Watson (2000) proposed Developing
Concepts of Variation hierarchy was useful as a guide when the researchers identified, and arranged
hierarchically, key concepts of Wild and Pfannkuch’s (1999) consideration of variation that emerged in
the responses. Detailed analysis of the responses follows the discussion of the implementation of the
model for curriculum development.

Implementing the Model for Curriculum Development
In the following course outline the four components of consideration of variation, as defined

above, are mapped across the four themes of the curriculum and the impact of the variation-oriented
approach on the topics of the four themes is explained. The mapping is summarized in Table 1.

Table 1
Mapping Curriculum Themes against Components of Consideration of Variation
Noticing and Measuring and Explaining and Investigative
Acknowledging Modeling Dealing with Procedures
Exploratory  Introductory Graphical and numerical
Data Analysis examples summaries (MP1)
Probability Randomness (MP2), Probability models Calculate
Law of Large probabilities that
numbers, observed differences
small and large are real or random
sample variation
Sampling Representative Simulations of sampling Relationship between
Distributions  sampling, distributions for means  sample size and
repeated sampling  and proportions standard error (MP3)
Inferential Variation within and Statistical models; t- Residuals
Statistics between groups (MP4), tests, simple linear plots, normal
margin of error, regression, ANOVA, probability
confidence intervals two-way tables plots

The course begins with exploratory data analysis, emphasizing the motivating factor behind
statistical analysis. Most students are comfortable with measures of central tendency from the secondary
curriculum, but the concept of variability is at best a vague notion for many. In the current course
students are exposed to a broad range of examples that act as a starting point for discussions about design,
data production, sampling, analysis, and the unifying concept of the statistical model. Examples of data
collected from the students, themselves, are used to initiate discussions about data collection and
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representative sampling. This leads to discussions about repeated sampling and variability in the results.
Students are exposed to the concept of variation and its importance without resorting to statistical
terminology, such as Central Limit Theorem and sampling distributions, until much later in the course.

The importance of variation is reinforced when comparing distributions. Examples with side-by-
side box plots, histograms, dot plots, and scatter plots ensure that students are exposed to a variety of
graphical representations. In addition, calculation of numerical summaries reinforces the need for
measurements of variation and central tendency. Students begin to recognize, for example, that the
consideration of the difference between means or medians is not sufficient when comparing distributions.
MP1 requires students to use the graphical summary to draw an informal conclusion about the difference
between groups.

Comparative data sets are used to illustrate the need for probability in statistics. Students are
expected to determine if differences between two distributions are “real” or can be explained by chance
variation. Probability is the required tool for making decisions in the face of uncertainty. In MP2
students have the opportunity to explore the concept of randomness.

Simple classroom experiments allow students to look at the “Law of Large Numbers” and its
misleading counterpart the “Law of Small Numbers”. Discussions of small sample variation compared
with large sample variation are crucial to the course. Computer simulations of repeated sampling from
binomial and normal distributions allow students to explore the concept of sampling distribution in an
interactive setting. Their ability to describe the concept of sampling distribution is assessed in MP3.

In the study of inferential statistics the course emphasizes concepts such as reliability and margin
of error. Unlike the more traditional focus on hypothesis testing, emphasis is placed on confidence
interval estimation. Students begin to realize that reporting a p-value for a hypothesis is not sufficient and
that they must also provide an interval estimate of the parameter, thus acknowledging the influence of
variation in the data.

Variation provides a common link for topics in this introductory statistics course. The statistical
model can be stated as DATA = FIT + RESIDUAL, or, DATA = SIGNAL + NOISE. Students are made
aware of the impact of unexplained variation (noise). When comparing distributions, they are asked
whether the variability between groups (signal) is large compared with the variability within groups
(noise). This concept is emphasized graphically with a number of examples, where group means have the
same relative value, but the variability differs. Following exploration of these issues, students complete
MP4, which requires an inference about the differences between the groups. When examining one and
two-way tables of categorical data, students are asked how much variation exists between the observed
data and the results suggested by the proposed model, and whether the difference is more likely the result
of chance variation or an error in the proposed model. At every opportunity throughout the course,
students are reminded of the importance of considering variation in the data and the resulting impact on
their interpretation of the underlying model. This common thread links important themes across the
curriculum, encouraging students to take a logical and holistic approach to statistical analysis rather than
viewing statistics as a fragmented list of techniques to be memorized.

Results

As the minute papers were implemented during lecture times, not all students completed every
minute paper. The response rate was 88 percent for MP1, 85 percent for MP2, 48 percent for MP3, and
52 percent for MP4. The reduced response rates for MP3 and MP4 were due to some students
withdrawing from the course and, of those remaining, less students attending lectures towards the end of
the course. For each minute paper key concepts in the consideration of variation were evidenced in
student responses and provided the basis for describing four hierarchical levels of consideration: No,
Weak, Developing, and Strong Consideration of Variation (see Table 2).
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Table 2

Rubric for Levels of Consideration of Variation in Each Minute Paper

MP1&4:
MP2:
MP3:

Level 0 - No consideration of variation
discusses the means only as evidence of the inference, with no mention of variation
does not mention the relevant factors to explain variation of trial outcomes
does not mention variation in relation to the distribution

MP1&4:
MP2:
MP3:

Level 1 - Weak consideration of variation
discusses the amount of variation but does not explain how this justifies the inference
incorrectly applies relevant factors to explain variation of trial outcomes
some description of variation that implies how variation influences distribution

MP1&4:
MP2:
MP3:

Level 2 - Developing consideration of variation
discusses the amount of variation and explains how this justifies the inference made
interprets some factors correctly to better explain variation of trial outcomes
indicates appreciation of variation as representing distribution of values

MP1&4:
MP2:
MP3:

Level 3 - Strong consideration of variation
indicates an appreciation of the link between variation and hypothesis testing
interprets all factors correctly to give good explanation of variation of trial outcomes
recognizes effect of variation on the distribution and relevant factors

When statistically immature vocabulary and the developing nature of student understanding made
it difficult to determine whether certain key criteria had been met to warrant coding at a particular level,
responses were coded as transitional between one level and the next. Following is a discussion of typical
responses at the various levels for each minute paper. All responses have a reference code indicating the
minute paper being answered, and the student responding, including gender (1: male, 2: female). For

example, R215M1 is the response to minute paper 1 from the fifteenth female student.

Minute Paper 1: Exploratory Data Analysis

Look at the following box plots. They show the weights in grams of 2 species of fish (Bream &
Perch). Do you think that there is a difference in weights for the two species? Explain your response.

Boxplot of weight by species (means indicated by circle)

1000 —

weight
gms)

~500 —

T T
Bream Perch
fish species

Figure 1.

MP1 (see Figure 1) was given at the end of a lecture discussing box plot representations and the
importance of measures of variation but before any detailed discussion about comparing box plots. The
assessment focus here is how well a response demonstrates the use of variation in the justification of the
conclusion drawn. The key to providing a better response is the progression from just comparing the

Minute Paper 1 Question
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spread of data to linking the spread to the conclusion drawn. Table 3 provides typical responses for each
of the levels described in Table 2.

Table 3
Typical Responses for Minute Paper 1
Level Response

0 (R215M1) There isn’t a difference in weight between the two species as seen

No consideration of  on the scale both box plot measure roughly 750 grams.

variation (R115M17") The Bream have a higher average weight compared to the Perch.
This difference could be clue to different environment (Both salt, fresh, one of
each). The mean of the two species isn’t that different but the medians are very
different. In conclusion the Bream have a higher weigh to the Perch but more
information is required to get a clearer picture of the two species.

1 (R219M1) No, I don’t think that there is a difference in the weights of the two

Weak consideration  fish. Perch seems to look different but there is a chance that the weight of the

of variation Perch has some outliers. Therefore making it look as though there is a
difference in weights.
(R114M17) The Range of middle 50% of bream is much smaller than the range
of the middle 50% for perch showing that a larger percentage of the bream are
of similar size whereas the average size of perch vary much more. The mean of
bream is in the middle of the range of the weights showing that there are
approx. equal numbers on either side whereas the mean for the perch is lower
showing that a larger majority of the perch population has less weight.
Therefore: feel that the Bream has a heavier population than that of Perch.

2 (R202M1) I don’t think there is that great a difference b/w the two fish weights

Developing accept that Perch has a greater weight distribution. Since the boxes overlay

consideration of each other and the averages are fairly close with no outliers. The median

variation shows the middle of the numbers but still no great diff. only around 100gms.
(R213M1") The weights for the perch are positively skewed, whereas bream is
symmetrical. This could indicate a larger variation in values for perch. The
plot shows that Bream weight sizes are all relatively around the same.
Obviously Perch species grow to a variety of different weights. The means for
Perch are higher. The median indicating a larger variety in weights.

3 (R118M1) There is a difference between the weights of the species. Although,

Strong consideration  at a glance, the fish seem to have an approximate equal weight, the mean and

of variation median suggest otherwise. In the bream, the median and mean are almost the

same, denoting that average weight is around 600 grams. The variance is not as
large as in the perch and weight is more predictable. In the perch, weight
varies greatly with the large outlying values raising the mean. The median
shows us that although perch can grow large, most are around the 200 gram
mark. In conclusion, bream and perch grow to be the same weights, but there
are more bream of a larger weight than perch.

“T” indicates a response transitional to the next level

Response R215M1 is typical of Level 0, with no mention of variation at all, while response
R115M1 is transitional to Level 1 because it is able to identify that just mentioning the measures of centre
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are not enough to make a conclusion. R219M1 (Level 1) mentions spread in the form of outliers but does
not link this to the conclusion about the means, while R114M1 is transitional because the description of
the inter-quartile range suggests, but does not clarify, that variation is being considered to explain the
mean differences. R202M1 (Level 2) refers specifically to the overlay of the boxes, hence using the
variation to justify the conclusion about the weights. R213M1 is transitional because the amount of skew,
although mentioned, is not directly related to the decision about the means. The only Level 3 response,
R118M1, discusses predictability of the mean based on the amount of variance, indicating recognition of
the significance of the role of variation in hypothesis testing.

Minute Paper 2: Probability

In an experiment we toss a coin six times and record Heads (H) or Tails (T) on each toss.
'Which of the outcomes given below is the most likely? Explain your reasoning.

HTHTTH TTTHHH  THTTTH
Figure 2. Minute Paper 2 Question

MP2 (See Figure 2) was given early in a series of lectures on probability after a discussion on the
need for probability in statistics and the concept of randomness, including whether observed differences
are “real” or “random”, but before discussion on the “Law of Large Numbers”, the likelihood of “runs” of
heads or tails, and independence. The assessment focus here related to how well the response explains
the effect of the factors (relative likelihoods of outcomes, the independence of trials, the randomness of
outcomes, and the sample size) on the variation considered possible in trial outcomes. The key to
providing a better response was to correctly interpret the various notions that affect the variation. Typical
responses are presented in Table 4.

Continued on Next Page
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Table 4
Typical Responses for Minute Paper 2
Level Response

0 Note: All responses at this level were coded as transitional.

No consideration  (R217M2") 1 feel that the last outcome THTTTH would be the more likely outcome

of variation because people sometimes intrude some bias into small experiments by trying to toss the
coin to land on what they want, or not toss it much, which could possibly be what we are
seeing with the 3 tails all coming in one go. Just because there are only 2 subjects
doesn’t always mean that there is a 50/50 chance of an outcome, therefore having an
extra head than tail or vice versa could possibly be more likely.

1 (R203M2) HTHTTH is the most likely outcome. The coin is tossed 6 times and each

Weak time Heads has a 1/2 chance of landing upright as does Tails. Tails - 3/6 chance all up

consideration of ~ Heads - 3/6 chance. In the outcome each comes up 3 times. The order of the above

variation outcome also appears to be completely random. The second outcome is not likely as it is
not random.
(R212M2) I think the outcome is more likely to be HTHTTH. Because the likely chance
of outcome 50/50 and it seem like a randomly result. Most of toss is difference from
previous toss. But also we are considering the tossing skill of the tosser, the way of toss
& catch.
(R210M2T) Each toss has the same probability of getting heads or tails, a one out of 2
possible outcomes. All 3 of them have three head & three tail landings but the first
choice is more common than the other two. Probability wise, they are all 3 even just
because each toss is independent of each other and have a 50/50 chance of hitting either
heads or tails. The first one then third, the second options are probably the ones seen.

2 (R213M2) (Student has drawn diagram example of coin toss.) HTHTTH - theoretically

Developing because there are only 2 probable outcomes, there is a 50/50 chance. It is possible though

consideration of  © flip heads 6 times or tails 6 times, although it is highly unlikely. The probability of

variation getting TTTHHH is the least probable outcome, THTTTH or HTHTTH are more likely.
TTTHHH is less probable because the results are less random. Hard to predict because it
pure chance.
(R1 14M2T) I believe that all 3 outcomes are just as likely as each other as with each toss,
there is 50% chance of either heads or tails, the next toss has nothing compared with
what occurred on any pervious tosses. So just because a pervious toss may have been a
head, there is still just as much chance of a head or tail with the next toss. So out of 6
tosses the chance of one outcome is just the same as the chance of all other outcomes.

3 No responses were coded at this level.

Strong

consideration of

variation

“T” indicates a response transitional to the next level

All Level 0 responses were transitional, and one such response, R217M2, assumes the presented
outcomes are possible and then questions the appropriateness of the theoretical proportions. At Level 1,
R203M2 misapplies the 50:50 proportion notion to restrict the possibilities to exactly three heads and
three tails, effectively reducing the amount of variation considered possible, and R212M2 misapplies the

independence notion to the point where one toss must be different from the previous toss.

The

transitional response, R210M2, recognizes that the tosses are independent and allows more variation, but
then makes a choice based on restricted variation and also incorrectly observes all 3 of them have three
head & three tails so making it unclear whether the notion of the proportion being 50:50 has been
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correctly applied. R213M2 (Level 2) correctly recognizes that the 50:50 proportion should not restrict the
outcomes to exactly three heads and three tails in the short term but then misapplies the notion of
randomness by distinguishing a less random selection, while R114M2 is transitional because the
independence and randomization notions are applied correctly but the implications of the influence of the
50% proportion are not elaborated. No responses were coded as Level 3.

Minute Paper 3: Sampling Distributions

Suppose a sample of n observations is taken from a population with mean E(X) =u and standard
deviation sd(X) = o. Explain what is meant by the sampling distribution of the sample mean, ¥.

Figure 3. Minute Paper 3 Question

MP3 (see Figure 3) was given following a detailed examples-based discussion of sampling
distributions including repeated sampling, sampling distribution of the mean, and the effect of sample
size. The assessment focus here was on how well the response describes the effect of the variability on the
sampling distribution and the factors affecting such variation. The key to a better response was
recognizing that the variation produced by the action of taking the samples will be reduced if sample size

is increased. Table 5 provides typical responses.

Table 5
Typical Responses for Minute Paper 3
Level Response

0 (R215M3) Mean E(x) = u Standard deviation sd(x) = ¢ The sampling distribution of the

No sample mean, X, means that the sample distribution of ¥ is equal to the population mean.

consideration (R117M3") Mean E(x) = p Sd(x) =oc The sampling distribution of the sampling mean, ¥,

of variation the expected number () in the distribution is not biased.

1 (R113M3) You are taking a sample from a population finding the mean, *, for the sample

Weak and comparing it to the mean p of the population, taking lots of samples of ¥ gives us a

consideration closer estimate to p. The mean of the sampling distribution of X is equal to p.

of variation (R225M3") Sampling distribution is the variability of a population which can be
represented by p- o / Vn and with the use of a (simple graph of a bell-shaped curve is drawn
here).

2 (R103M3) I really struggled with what exactly the question was asking. The sampling

Developing distribution of the sample mean? The sampling distribution is the variability of the sample

consideration mean, which is inherent purely because the sample doesn't have every measurement in the

of variation population. There is always a chance that of a sample of 20 individuals in a population of
200 all the individuals sampled may be smaller than the true mean.
(R207MP3" ) The sampling distribution of the sample mean, ¥. If a number of samples of n
observations are taken from a population, each of these will have its own mean. If large
enough number of samples are taken the mean of each should be seen to be centering
around the true mean. Its distribution and variance can be given by o / Vn.

3 (R210M3) The sampling mean, ¥, is the mean of multiple samples taken of n observations.

Strong It is an overall ¥ that better reflects the ‘true’ ¥ of the population or entire samples. The o,

consideration sd, can then be view on a population # basis versus an individual sample basis by & / Vn for

of variation sd (¥). The ¥ of multiple samples gives a better population mean with less variability and

higher precision.

“T” indicates a response transitional to the next level
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Typical of Level 0 responses is R215M3 which quotes sd(x) = o but does not describe the effect
of variability on the distribution. R117M3 is transitional as the phrase not biased suggests, but does not
clarify, consideration of how the values of the sample means may have varied as sampling progressed.
R113M3 (Level 1) indicates recognition of less variation in the resulting distribution by acknowledging
that the estimate of the population mean will be better while R225M3 is transitional in that it tries to
introduce the notion of the variation being reduced by a factor dependent on the sample size but gets the
representation incorrect. R103M3 (Level 2) appreciates that there can be variability as the sample only
contains some of the population and elaborates by giving an extreme example of what could happen,
while R207M3 is transitional because although it acknowledges that the samples’ means are spread
around the true mean and that the variance is o /ln, it only implies, rather than explains, that the variation
will be reduced by a factor dependent on the sample size. The Level 3 response, R210M3, not only states
that the standard deviation of the means is o/\n, like R207M3, but also relates less variability and higher
precision in giving a population mean.

Minute Paper 4. Inferential Statistics

There are 3 different examples. In each example, a sample was taken from each of 3 groups and the
data plotted, along with the sample means. Sample means are indicated by vertical lines. For which
example(s) might you conclude that there is a real difference in group means? Explain your response.

o ooo ol o o o Gp 1

Example 1l o o &) 1) 1 @ o o Gp 2
@ 670591 o oo o Gp 3

om$oo O Gp 1

Example 2 oomj@ Gp 2
© g o Gp 3

@ Gp 1l

Example 3 P» Gp 2
@ Gp 3

Note: Diagram is from the course text (Wild & Seber, 2000, p. 439)

Figure 4. Minute Paper 4 Question

MP4 (see Figure 4) was given after a series of lectures on analysis of variance, including
discussion of variation within and between samples, the concept of the F-ratio, and exposure to the
diagram included in MP4. The assessment focus here is on how well a response considered the
implications of variation in the justification of the inference made about the means. The key to providing
a better response was the progression from simply comparing the spread of the data to realizing how the
positioning of that variation, e.g. either side of the mean or overlapping, can influence the inference.
Table 6 provides typical responses.
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Table 6
Typical Responses for Minute Paper 4
Level Response

0 (R115M4) There seems to be no real differences in the group means. But

No consideration of €Xample 3 shows more of a difference in the groups then the other examples.

variation Group 1 has more of a difference in the means, then the other two but only a
little bit, the means for 2 & 3 are around the same.

1 (R117M4) We can conclude that example 1 has a real difference than example

Weak consideration 2 and 3. Since the data is spread more. Example 2 also shows a real difference

of variation in mean because the data is considerably spread compare to example 3.
(R224M4") In example 1, there may be a large difference in the group means,
the data has a lot of spread, indicating high variability. Example 2 has less
spread, and in 3 most of the data lie very close together. Even though the
variability varies in each example, they are all unbiased, with approx. equal
amounts of data lying on either side of the mean. Therefore none of the
examples have a large diff. in group means.

2 (R207M4) In example 3 there is a real difference in means between groups 1

Developing and 2 and 1 & 3. This can be seen by the lack of overlap of the results of the

consideration of different groups.

variation (R116M4") Example 3 appears to be the only one with a real difference in
group means as this is the only example in which the samples do not all
overlap. Because of this it is likely that the spread of means is significant
whereas for those that do overlap (1,2) the difference is more likely to be a
byproduct of sampling difference.

3 (R210M4) A real difference would most likely occur in example 3. Because

Strong Ex.1 has the most variability (and standard deviation) the difference in means

consideration of is not significant. The same with Ex. 2 but there is less variation, still difficult

variation to tell extent of real difference. With Ex.3 though, such small standard

deviation (variance) gives a clue that a real difference may exist between
group 1 & 2, 1 & 3, but not a likely between 2 & 2 within Ex. 3 smaller the
standard deviations, the more precision and smaller confidence intervals.

“T” indicates a response transitional to the next level

The Level 0 response R115M4 only refers to actual differences between means. R117M4 (Level
1) considers the spread of each of the examples as if the separate groups do not exist and there is one set
of data, while R224M4 is transitional because variation has been used in the justification of the inference
(considering the amount of data lying either side of the mean to conclude that the example is unbiased),
but the degree of bias is not the focus of the inference and each group does not appear to have been
considered independently. R207M4 (Level 2) identifies the lack of overlap in example three and
concludes there are differences between the means without exploring why such a conclusion can be
reached, while R116M4 is transitional in that it identifies that differences may be due to sampling
difference thus allowing for the possibility that even though the sample means might be different the
population means may not be. The only Level 3 response, R210M4, clearly indicates that the smaller
standard deviation gives more precision in estimating the mean, hence acknowledging the influence of the
amount of variation on precision.
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Overview

From the coding level comparison (see Table 7), it is evident that the proportions of responses
across the four levels are similar for MP1, MP2 and MP4, with the majority of responses demonstrating
weak or developing consideration of variation. The exception, MP3, has 50% of responses showing no
consideration of variation. Interestingly, students’ performance on MP4 is slightly stronger than for
MP1, with a greater proportion coded as developing rather than weak. Both MP1 and MP4 are minute
papers that focus on the measuring and modeling component.

Table 7
Coding Level Comparison
Level MPI MP2 MP3 MP4
0 14% (4) 14% (4) 50% (8) 6% (1)
1 59% (17) 61% (17) 19% (3) 35% (6)
2 24% (7) 25% (7) 19% (3) 53% (9)
3 3% (1) 0% (0) 12% (2) 6% (1)
Total 100% (29) 100% (28) 100% (16) 100% (17)

Evaluations completed at the end of the course provided insights into student perceptions of the
benefits of minute papers. While 93 percent of students agreed that their understanding of the concept of
variation had improved since the beginning of semester, only 71 percent agreed that the minute papers
had helped to clarify this understanding. Feedback from these students included that the minute papers
helped to put to the test what was learnt in lectures; that they were an indication of whether the lectures
had been understood; and that they should occur more frequently. Some problems identified were that
some of the minute papers were hard to understand; that more feedback would have been appreciated; and
that students were embarrassed by not knowing the answer to minute questions.

Discussion
The process of threading the four components of consideration of variation through the various
themes in the course and analyzing the minute paper responses for evidence of this consideration of

variation has proved beneficial.

Curriculum Mapping Process

During the mapping it became apparent that not all cells in Table 1 would necessarily have an
entry. Not unexpectedly, the bottom-left and top-right corners of the table were empty. The nature of the
four components of consideration of variation suggest a hierarchical structure from left to right with
investigative procedures only being possible after the other three components have been addressed.
Similarly, the curriculum is based on a hierarchy of themes from exploratory data analysis to inferential
statistics, with some themes being revisited during the presentation of the course. Consequently, for
example, what is involved with inferential statistics is more complex than mere exploratory data analysis.
However, the presence of an empty cell on or near the leading diagonal, from top left to bottom right of
the table, may indicate a potential gap in the curriculum. Addressing such an occurrence is part of the
cyclic approach to developing an integrated curriculum.
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Minute Papers as Evidence of Consideration of Variation

Some minute papers proved more useful than others in terms of eliciting information about
students’ consideration of variation. A number of issues relating to the creation and interpretation of the
minute papers became apparent when developing the hierarchy and coding the responses. The wording of
the minute paper questions has repercussions for the quality of the response. Responses to MP1 suggest
that the question was too restrictive due to data being given in a summarized form. A question presenting
data in a less summarized form, for example as dot plots, may provide responses with more consideration
of variation. This appears to have occurred in MP4. Responses to MP3 suggest that the closed nature of
the question was not very useful because students could simply reproduce a definition without
demonstrating their consideration of variation in relation to the sampling distribution. Complexity of the
task also proved to be an issue. Responses to MP4 suggested that comparing variation both between and
within samples was more challenging than was anticipated. The increase from two samples, as in MP1, to
three and then the further complication of being given three different examples to consider rather than just
one, caused some students to oversimplify the situation and consider all three groups as one large sample.
These issues are discussed in more detail in Reid and Reading (2004).

Interpretation of the responses is often difficult due to literacy issues and lack of sophistication in
the explanation and application of notions. Some MP4 responses, in particular, flagged the literacy issue.
For example, one response talks about the means falling in around one and other, which may be taken to
suggest that they are close together. However, more may have been meant by this expression, as further
on in the same response another example is discussed where there is a little less spread and the means fall
within each other. This may be considering the variation as well as the position of the mean. The lack of
clear English expression prevents such a determination and the coding level can only be based on what
can be best interpreted from the response. In a similar vein, in MP2, immaturity in students’
understanding of probability, independence, and randomness makes it difficult to distinguish between
notions when coding for evidence of correct application. For example, insistence that one trial be
different from the previous could be misapplication of the notions of independence or randomness, or
even probability (i.e., P(H) = 0.5, so H cannot occur on the next toss). The fact that MP2 was given at the
beginning of the probability teaching sequence may have contributed to this finding.

Not only did students’ responses suggest that they had performed better in the final minute paper,
MP4, but students also indicated in their evaluations that they felt that their understanding of variation
had improved by the end of the course. However, it should be noted that the improved performance in
MP4 could be due to one or more of the following:

¢ attendance decreased later in the course and it is likely that those attending were the more attentive
students;

e students had by then completed most of the course where variation was the core concept;

e students had already been exposed to the diagram a week prior to completing MP4; and

o the data in MP4 were presented in a less summarized form, unlike in MP1.

Interestingly, responses indicated a tendency for students to focus on the extraordinary, such as
the large gap between the median and third quartile for Perch in MP1. With the research focus on
variation it was pleasing to note that many responses did not just automatically use the average as the
measure for comparison when asked to compare the differences in weights in MP1. An important
consideration that arose with the MP2 responses is the meaning of variation. There is variation in what is
possible between the various sequences of outcomes, with students incorrectly reducing variation by
misapplying notions. In addition, there is the variation that students view as the difference between what
is shown as actually happening and what they expected would happen, rather than what theory dictates.
For example, some responses clearly indicate what has been given in the question is different from what
they would expect, being: a similar percentage, in one case; and 3 heads and 3 tails in another. It should
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be noted that the concept of “expected values” was not discussed in the course until after MP2 was
completed.

Evaluating the Integrated Curriculum

The ways in which students considered variation in their responses has provided useful
information for evaluating how successfully the consideration of variation thread has been used to
structure the integrated curriculum. Specifically, the use of minute papers focuses on students’
understanding and reasoning rather than merely their ability to perform calculations. What students chose
to discuss in the responses differed, in some instances, from what the lecturer anticipated. For example,
in MP3 a large proportion of students failed to mention variation at all, despite the fact that variation is
critical in any discussion of distributions. It may be that the closed nature of the question restricted such
discussions. However, it may also be possible that the activities incorporated into the sampling
distributions theme have not adequately conveyed the concept of variation to the students. Consequently,
to better thread consideration of variation through that theme, the lecturer needs to rethink the activities
and the way they are presented.

Implications for Teaching and Research

As consideration of variation is a key concept in statistical thinking, students’ success in
introductory statistics courses will depend on how well they incorporate this into the various statistical
procedures and inferences that are studied. The model for an integrated approach with consideration of
variation as a thread provides a means for course presenters to review their curriculum. In addition, the
hierarchy could assist those evaluating such an approach by providing a means for assessing the
consideration of variation in student responses.

Further iterations of the cyclic approach to the mapping, as begun in Table 1, could indicate
components of variation that are not being covered adequately in the curriculum and assessment. When
evaluating this approach, a benefit of this hierarchy is that special assessment items do not have to be
developed, as the coding levels can be applied to responses to tasks that students are already undertaking
as part of the course. However, the information gained from the assessment of student responses helps to
identify specific assessment tasks that provide useful information about consideration of variation. Those
tasks, and associated learning strategies and course objectives, should be encouraged in future curriculum
development. Carefully worded minute papers have proven to be useful, and their use should be
encouraged. By applying minute papers before and after the coverage of each theme in the curriculum it
would be possible to examine any progress in students’ understanding of variation within themes as well
as throughout the course, thus identifying specific themes or topics where more attention to variation is
required.

This integrated approach to curriculum development and the hierarchy for assessing consideration
of variation would be cost-effective in all socio-economic settings. Resources required are the time and
expertise to review the curriculum, plan suitable assessment tasks and learning activities, and analyze the
student responses. This exploratory study also provides an important basis for further research into
assessing student performance in statistical thinking.

Early indications are that researchers can use evidence from already established assessment tasks,
such as minute papers, to assess key statistical thinking. Reports on the analysis of responses to other
tasks (pre-study and post-study questionnaires, follow-up interviews, class tests and assignments)
completed by these students as part of the larger Understanding of Variation project, will help to further
inform the proposed hierarchy for consideration of variation. Similar work on consideration of variation
at the secondary level could help to inform the “appreciation of variation” component in the Statistical
Literacy Construct described by Watson and Callingham (2005). Based on the findings of this and other
studies, future research plans include using a larger cohort of students studying within the sciences,

51



Curricular Development in Statistics Education, Sweden, 2004: Chris Reading, Jackie Reid

following one cohort of students longitudinally through their tertiary study of statistics, and considering
cohorts of students in other disciplines.

The Understanding of Variation project, and in particular the Consideration of Variation
hierarchy, aim to help students make links so that they move from a fragmented view of statistics as an
unrelated list of techniques, towards a more holistic view where they can appreciate statistics as a way of
understanding real-life situations using a variety of statistical models as advocated by Reid and Petocz
(2002). Developing a holistic view promotes the development of, not only statistical literacy and the
ability to reason statistically, but the higher-order ability to actually think statistically.

Acknowledgement

This research was funded by a University of New England, Faculty of The Sciences, Internal
Research Grant.

References

Ballman, K. (1997). Greater emphasis on variation in an introductory Statistics course. Journal of
Statistics Education, 5(2).

Chance, B. L. (2002). Components of statistical thinking and implications for instruction and assessment.
Journal of Statistics Education, 10(3).

delMas, B. (2002). Statistical literacy, reasoning and learning: A commentary. Journal of Statistics
Education, 10(3).

delMas, R.; Garfield, J. & Chance, B. (1999). A model of classroom research in action: Developing
simulation activities to improve students’ statistical reasoning. Journal of Statistics Education,
7(3).

Garfield, J. (2002). The challenge of developing statistical reasoning. Journal of Statistics Education,
10(3).

Garfield, J. & Gal, I. (1999). Assessment and statistics education: Current challenges and directions.
International Statistical Review, 67(1): 1-12.

Hoerl, R.; Hahn, G. & Doganaksoy, N. (1997). Discussion: Let’s stop squandering our most strategic
weapon. International Statistical Review, 65(2): 147-153.

MacGillivray, M. (2005). Coherent and purposeful development in statistics across the education
spectrum. In G. Burrill and M. Camden (Eds.), Curriculum Development in Statistics Education:
International Association for Statistics Education 2004 Roundtable. Voorberg, the Netherlands:
International Statistics Institute.

Meletiou-Mavrotheris, M. & Lee, C. (2002). Teaching students the stochastic nature of statistical
concepts in an introductory statistics course. Statistics Education Research Journal, 1(2): 22-37.

Moore, D. S. (1997). New pedagogy and new content: the case of statistics. International Statistical
Review, 65(2): 123-137.

Murdoch, K. & Hornsby, D. (1997). Planning curriculum connections: Whole-school planning for
integrated curriculum. Armadale, Australia: Eleanor Curtain Publishing.

Nicholls, A. & Nicholls, H. (1981). Developing a curriculum: A practical approach. George Allen &
Unwin Ltd.

Petocz, P. & Reid, P. (2003). Relationships between students’ experiences of learning statistics
and teaching statistics. Statistics Education Research Journal, 2(1): 39-53.

Pfannkuch, M. and Horring, J. (2005). Developing statistical thinking in a secondary girls school: A
collaborative curriculum development. In G. Burrill and M. Camden (Eds.), Curriculum
Development in Statistics Education: International Association for Statistics Education 2004
Roundtable. Voorberg, the Netherlands: International Statistics Institute.

52



Curricular Development in Statistics Education, Sweden, 2004: Chris Reading, Jackie Reid

Pfannkuch, M.; Rubick, A. & Yoon, C. (2002). Statistical thinking: An exploration into students’
variation-type thinking. New England Mathematics Journal, 34(2): 82-98.

Pidgon, K. & Woolley, W. (Eds.) (1992). The BIG picture. Armadale, Australia: Eleanor Curtain
Publishing.

Reading, C. & Shaughnessy, M. (2004). Reasoning about variation. In D. Ben-Zvi & J. Garfield (Eds.),
The Challenge of Developing Statistical Literacy, Reasoning and Thinking (pp.201-226).
Dordrech, The Netherlands: Kluwer Academic Publishers.

Reid, A. & Petocz, P. (2002). Students’ conceptions of statistics: A phenomenographic study. Journal of
Statistics Education, 10(2).

Reid, J. & Reading, C. (2004). Just a Minute? The use of minute papers to investigate statistical thinking
in research, teaching and learning. Adults Learning Maths Newsletter, 21, 1-4.

Ridgway, J.; McCusker, S. & Nicholson, J. (2005). Uncovering and developing student statistical
competencies via new interfaces. In G. Burrill and M. Camden (Eds.), Curriculum Development
in Statistics Education: International Association for Statistics Education 2004 Roundtable.
Voorberg, the Netherlands: International Statistics Institute.

Rumsey, D. J. (2002). Statistical literacy as a goal for introductory statistics courses. Journal of Statistics
Education, 10(3).

Scheaffer, R. L. (2000). Statistics for a new century. In M. J. Burke & F. R. Curcio (Eds.), Learning
Mathematics for a New Century (pp.158-173). Reston, VA: National Council of Teachers of
Mathematics.

Stromberg, A. J. & Ramanthaman, S. (1996). Easy implementation of writing in introductory statistics
courses. The American Statistician, 50(2): 159-163.

Torok, R. & Watson, J. (2000). Development of the concept of statistical variation: An exploratory study.
Mathematics Education Research Journal, 12(2): 147-169.

Watson, J. & Callingham, R. (2005). Statistical literacy: From idiosyncratic to critical thinking. In G.
Burrill and M. Camden (Eds.), Curriculum Development in Statistics Education: International
Association for Statistics Education 2004 Roundtable. Voorberg, the Netherlands: International
Statistics Institute.

Watson, J. M.; Kelly, B. A.; Callingham, R. A. & Shaughnessy, J. M. (2003). The measurement of
school students’ understanding of statistical variation. International Journal of Mathematical
Education in Science and Technology, 34(1): 1-29.

Wild, C. & Pfannkuch, M. (1999). Statistical thinking in empirical enquiry. International Statistical
Review, 67(3): 223-265.

Wild, C. J. & Seber, C. A. (2000). Chance encounters: A first course in data analysis and inference. New
York: John Wiley & Sons.

53



	Abstract
	Introduction
	Background
	Integrated Curriculum
	Statistics Curriculum Development
	Model for Curriculum Development: Fundamental Types of Thinking
	Consideration of Variation

	The Study
	Research Focus
	Methodology

	Implementing the Model for Curriculum Development
	Table 1:Mapping Curriculum Themes against Components of Consideration of Variation

	Results
	Table 2: Rubric for Levels of Consideration of Variation in Each Minute Paper
	Minute Paper 1: Exploratory Data Analysis
	Figure 1. Minute Paper 1 Question
	Table 3: Typical Responses for Minute Paper 1

	Minute Paper 2: Probability
	Figure 2. Minute Paper 2 Question
	Table 4: Typical Responses for Minute Paper 2

	Minute Paper 3: Sampling Distributions
	Figure 3. Minute Paper 3 Question
	Table 5: Typical Responses for Minute Paper 3

	Minute Paper 4: Inferential Statistics
	Figure 4. Minute Paper 4 Question
	Table 6: Typical Responses for Minute Paper 4

	Overview
	Table 7: Coding Level Comparison


	Discussion
	Curriculum Mapping Process
	Minute Papers as Evidence of Consideration of Variation
	Evaluating the Integrated Curriculum

	Implications for Teaching and Research
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


