DIPT131 Understanding Uncertainty and Variation


Learning strategies
Spatial strategies for representing knowledge

There are a variety of visual or spatial strategies that are particularly effective for learning statistics.  They are often used when developing expert computer systems.  They help us gain perspective on the 'big picture', by displaying and organizing large amounts of information, revealing hierarchical, sequential and spatial relationships, assumptions, procedures and constraints.  They can help us work out how things fit together or when different decisions are made. The material that can be mapped may include lecture notes, textbooks or our own thoughts about how things work. Porter (2001) mapped an statistical expert’s thinking about statistics.

Here are several strategies that can be used to map or frame knowledge: Frames, Type 1, Frames Type 2, concept maps, Gowin’s Vee, decision trees
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1
Frames Type 1

Frames use grids, arrays, matrices as a framework for representing knowledge.  Seigel and Castellan's (1988) framing of Non Parametric Statistics (refer Table 2.1) exemplifies the use of a frame in statistics.  Their frame incorporates the use of three fundamental questions which direct the choice of test statistics; 'How many groups are involved?'… 'Are the groups related? and, 'What is the level of measurement involved in measuring the response variable?'.  These ideas are communicated by labelling the rows and columns.  A comparable frame could be developed to include parametric tests. An additional column, not presented in Table 1, extends the analysis to that of relationships as well as to tests for differences.  

Table 1: Seigel and Castellan's Framing of Nonparametric Statistics
	Measure-
	One sample
	Two samples
	Two samples
	k samples
	k samples

	level
	
	Related
	Independent
	Related
	Independent

	Nominal
	Binomial 

chi square

one sample
	McNemar
	Fishers exact

chi square

two sample
	Cochran Q
	Chi square 

k- samples

	Ordinal
	Kolmogorov-Smirnov

One sample runs test
	Sign test

Wilcoxon matched pairs

signed rank 
	Median test

Mann-WhitneyU 

Kolmogorov-Smirnov 

Wald-Wolfowitz runs test

Moses test 
	Freidman two-way ANOVA
	Extension of median test

Kruskal Wallis oneway ANOVA

	Interval
	
	Walsh test

Randomisation test (related)
	Randomisation  independent 2

samples test
	
	


An adaption from Seigel & Castellan (1988, p. inside back cover ). 

Other partial frameworks within which the teaching of statistics is structured include: descriptive versus inferential statistics; and, univariate versus multivariate statistics.  Textbooks (Hindle, 1993; Howell, 1995) and reference manuals for statistics software  (see for example  JMP
;1989) and particularly those written for social or health scientists often provide partial frameworks to aid practitioners in their choice of statistical technique.

2
Frames Type 2

Frames type 2 are distinguished from Frames type 1 in that the slots for type 2 are completed through some law-like principle.  Table 2.2 provides an example of a Type 2 frame constructed from an analysis of an expert's text and curriculum.  The rows represent features of data that are of interest for virtually all distributions.  These features include the probability function (which determines the shape of the distribution), the centre (mean), spread (variance) of the random variable and samples drawn from the population.  The column 'general form' provides 'law-like principles' for determining the contents of the cells for the specific random variables, in this instance the general case of the discrete random variable and the specific cases of the binomial and poisson random variables.  The formula used for the general form may be used for used by both the binomial and exponential distributions (refer Table 2.)  However, algebraically equivalent but simpler formulae are also provided in the last two columns.

Table 2: Frames type 2 - Discrete probability distributions
	
	General form
	Binomial 


	Poisson(

)

	Defining characteristics,

assumptions,

context


	
	• n is the number of independent trials

• 2 possible outcomes for each trial

• p is the probability of a successful event

• p is a constant unknown parameter
	• 

 is the rate of occurrence

• in some dimensional unit such as time (t)

• 

 is a constant unknown parameter

	Probability function

P(X=x) or px

	Distribution of px

over the values of x
	


for x=0,1,...n


	



	Sample Mean  


	


	

 is used as an estimate for E(X)
	

 is used as an estimate for E(X)



	Population Mean
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	np
	



	Variance





	


= E[X2]-[E(X)]2
	np(1-p)
	



	Assessment

of fit
	• visual (eg. barchart)

•


	Same as for general case
	Same as for general case


3
Concept Maps

Concept maps are 'visual representations of meaningful relationships or linkages, termed propositions, and two or more concepts' (Novak & Gowin, 1984).  The steps involved in the process of drawing concept maps in the Novak studies included:

· identifying the concepts that are embodied in the discourse or text; 

· describing the links (propositions) between concepts; and where possible, 

· ordering the concepts from the most general at the top of the map to the most specific at the bottom.  

There are several variations of mapping procedures.  More recently they have been referred to as node-link displays (Chnielewski, Dansereau, & Moreland, 1998).  These include: knowledge maps (Hall, Dansereau, & Skaggs, 1992); semantic mapping (Turban, 1990); graphic organizers, networks, (Van Pattern et al., 1986); and spider maps  Different versions may or may not include a hierarchical ordering and may or may not name the links.  These maps may take on a different structure to the traditional concept map.  The maps may represent: a chain of concepts or network of events; or an hierarchical ordering of events.  The mapping may be as the mind so conceives. 

Figure 1.  Statistical expert’s ideas in time series (Porter, 2001)
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4
Decision Trees

These are trees searched in an orderly manner on simple problems.  These are often used when developing expert systems.  At each node or branch in the tree there is a question, the answer to which determines the next branch to be taken.  A decision tree provided to graduate health students (Hindle, 1993) is presented in Figure 4. 

Figure 4 A decision tree for selecting tests of significance. [image: image4.wmf]Testing for statistical significance of difference
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 Note: Adapted from Hindle (1993, p. 11).

The decision tree in Figure 4 directs students to decide whether the data are nominal, ordinal or continuous (ignoring discrete data); whether one, two or more groups are involved; and, whether the groups are matched or unmatched.  By taking the appropriate path, students are provided with a statistical test to conduct on the data.  There are, of course, difficulties with this approach, as it oversimplifies the statistical analysis.  Students still need to determine whether the various analyses suggested at each branch are appropriate.  That is, they still need to confirm, although it is often unstated, that the various underlying assumptions are justified.

5
Gowins Vee

Gowin's Vee (Novak & Gowin, 1984) distinguishes between thinking (conceptual) and doing (methodological).  A focal question is placed at the bottom of the Gowin's Vee.  One arm of Gowin's Vee represents 'the doing'.  That is, it involves the selection of events; the recording of observations about events; and, the transformation or organisation of these records so that answers to the focal question may be generated.  The thinking component arm of Gowin's Vee required experts or students to elucidate:

· what they were observing (the concepts for which they are to form linkages and which they are to record); 

· the nature of the conceptual systems (or principles) which indicate how events appear to behave; 

· how these conceptual systems and principles fit within appropriate theories which delineate why events occur as they do; and, 

· the philosophical perspectives underpinning the theories and principles.  

Figure 5 is a representation of basic statistical concepts based upon, but not strictly adhering to the questioning associated with Gowin's Vee technique.  Different types of statistical question is the focal question, “Is there a relationship?”. The focal question corresponds to the types of questions researchers ask, such as, for example, whether or not there are differences between groups, or relationships between variables or simply an attempt to describe what is happening.  The how, the methodology or doing of statistics, may be considered to be the completing of each step in the research process.

Figure 5 Representing conceptual and methodological components of statistics

[image: image5.wmf]FOCUS QUESTION

THEORETICAL/ 

CONCEPTUAL

METHODOLOGICAL

Events/Objects

Design

Sampling

Measurement

Description and Analysis

Decision making

The process of" doing" 

the research study

 

Is there a relationship? 

Is there a difference? 

Describe the data. 

Principle: Each step of the 

process is understood in  

terms of  variability. 

 

Concepts: 

• Design:  to control 

unwanted sources of  

variation; to manipulate 

variables to see changes in 

variability ( centre, spread  

or shape). 

• Sampling: source of error 

(variation) 

• Measurement is a source 

of error (variation) 

• Data is displayed and analysed in 

order to investigate the nature of 

variability in reponses.  

• Decisions are made in the context 

that there is inherent variability in 

the reponse of interest. 

 

Understanding "why"

Observations in nature or 

the academic literature or…


References

Hall, R. H., Dansereau, D. F., & Skaggs, L. P. (1992). Knowledge maps and the presentation of related information domains. Journal of Experimental Education., 61(1), 5-18.

Hindle, D. (1993). GHMD-923 Quantitative Methods. Wollongong: D Hindle.

Howell, D. C. (1995). Fundamental Statistics for the Behavioural Sciences. Belmont, California: Duxbury Press.

Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. Cambridge: Cambridge University Press.

Porter, A. L (2001). Improving Statistical Education through the experience of reflective practice. Doctoral Dissertation , University of Wollongong Australia

SAS Institute. (1989). JMP User's Guide Version 2 of JMP. Cary, NC: SAS Institute Inc.

Seigel, S., & Castellan, N. J. (1988). Nonparametric Statistics for the Behavioural Sciences. Singapore: McGraw-Hill Book Company.

Turban, E. (1990). Decision support and expert systems. Berkeley, CA: Paperback Software International.

van Pattern, J., Chao, C. I., & Reigeluth, C. M. (1986). A review of strategies for sequencing and synthesising instruction. Review of Educational Research, 56, 437-471.








































� Registered trademark, product of the SAS institute





Laboratory and Tutorial Exercises.
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