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People’s misconceptions of statistics have been researched in various ways.   Psychologists have preformed the bulk of the studies in an effort to understand judgment and decision-making, but more recently, educational researchers have looked into the pedagogy of statistics instruction.  

Numerous studies have shown that while students can solve statistical problems in textbooks, they have trouble identifying and dealing with applied statistical problems.  Many people feel this is because students naturally develop certain intuitions, both correct and incorrect related to chance outside of the classroom.  Unfortunately, perhaps due to the inductive nature of computing statistics and the traditional deductive style of teaching statistics, many misconceptions are not rectified and interfere with the students’ ability to solve applied statistical problems.


Before I continue, I believe it is important to note that there is a difference between probability and statistics.  The field of probability, in short, is the exploration of unpredictable events; whereas, statistics focuses on analyzing and interpreting data.  Often statistical data depends on, or is treated like a random variable, so the two disciplines often overlap.  In general, probability has been studied more because it is the concept students encounter first and more frequently (Garfield & Ahlgren 1988).  Piaget and Inhelder suggest that children first realize the idea of “chance” around age 7 (Piaget Inhelder 75).  Because so many of the studies involve a mixture of probability and statistics, I shall use the term Garfield & Ahlgren utilize, stochastics, to indicate the combination, though stochastics really refers to a process with an unpredictable outcome, and is therefore actually a subfield within probability theory.  But we’ll just ignore that. 


After reviewing numerous studies, Garfield & Ahlgren claim that when students encounter a stochastic, they often fall into “number crunching mode” and work to compute some solution.  In doing so, they may be able to follow the steps needed to solve the problem, but they fail to understand the reasoning behind the computation and are hard-pressed to apply that reasoning to future problems (Garfield & Ahlgren).


In that same review, the authors point out that advanced education does not necessarily clear up misconceptions.  Many students with coursework covering stochastic concepts have just as many erroneous beliefs as people without said coursework.  Explanations for this include the fact that people have their own intuitive rationale to explain stochastic occurrences that they experience in the real world and that these outside influences are not directly dealt with in the classroom; thus, resulting in an conceptual amalgam of stochastic facts and misconceptions.  


Amos Tversky and Daniel Kahnemn have documented many of these outside biases.  For example, people often overvalue small odds and undervalue large odds.  Another result of their Nobel Prize winning research is the way people calculate risk.  They presented people with different scenarios and presented them with two possible courses of action.  One scenario was a choice between $3000 and an 80% chance of $4000.  The second alternative has the higher expectation value and is therefore the “correct” choice.  Other scenario was a choice between losing $3000 and an 80% chance of losing $4000.  This is the same problem only dealing with losses, so one “should” chose to lose $3000 because that choice has the lowest expectation value.  Tversky and Kanhemn found that people were far more likely to choose the sure money in the first scenario and chose the chance in the second scenario.  They concluded that people are risk adverse when it comes to gains but risk seeking when it comes to losses (Tversky and Kanhemn 74).


One final example from their work that I submit is an experiment they preformed where people were presented with a fictitious person, Sara, with a fictitious background, essentially labeling her as a hippie, and ask if it was more likely that Sara was a bank teller or that Sara was a bank teller and a feminist.  This is called a conjunction in probability, and the probability of Sara being a bank teller is greater than or equal to her being a bank teller and a feminist.  However, more people believe that Sara was more likely to be a bank teller and a feminist.  Furthermore, Tversky and Kanhemn went to a meeting of expert us security advisors and if Romania was more likely to break away from the eastern block or if Romania was more likely to have a revolution and then break away from the eastern block, the same conjunction question as the Sara scenario.  The majority of experts selected the second scenario as being more likely.  


The previous examples are examples of cases were people rely on their own intuition rather than stochastic computation.  Some arguments against these findings are that people do not realize that these are stochastic problems and could solve them if the problem was framed the right way.  But this is exactly what Garfield and Ahlgren argue, students cannot apply the stochastic rationale.  This is especially true for the security advisor example, as these people execute stochastic models all the time.


Why aren’t these myths dispersed in school?  One answer maybe that student’s misconceptions are not dealt with during instruction; instead, the “facts” about stochastics are simply presented to the students, so each individual has a mixture of experience driven intuitions and proven theories that may become interwoven.  Another related cause maybe the deductive nature of teaching stochastics (Garfield & Ahlgren).  While mathematics is a deductive science, stochastics is an inductive science where data are collected and constructed to define general rules.  Traditionally, schools teach sciences in a deductive nature; rules are given and students must accept them.


This is a problem, a learning problem.  Students develop misconceptions about stochastics from daily experiences that a deductive method of instruction does not overcome.


In an attempt to erase misconceptions in statistics the National Council of Teachers of Mathematics created a list of recommendations (Garfield & Ahlgren):

1. Introduce topics through activities and simulations, not abstractions.

2. Try to arouse in students the feeling that mathematics relates usefully to reality and is not just symbols, rules, and conventions.

3. Use visual illustration and emphasize exploratory data methods

4. Teach descriptive statistics alone without relating it to probability

5. Point out to students common misuses of statistics (say, in news stories and advertisements)

6. Use strategies to improve students’ rational number concepts before approaching proportional reasoning

7. Recognize and confront common errors in students’ probabilistic thinking

8. Create situations requiring probabilistic reasoning that correspond to the students’ view of the world

Here are two examples of school programs that attempt to teach stochastics in novel ways.


In a experiment conducted by Jeffrey Horvath and Richard Lehrer of the University of Wisconsin-Madison in 1998, second graders participated in a 7 day unit were they modeled the rolling of dice.  The students essentially rolled a variety of dies and graphed on a large white board the results of the rolls and then answered certain questions about probability.  The success of the program was mixed, as the students seemed to understand the nature of what they had done, but struggled to apply this knowledge to new situations.


Working with middle-school students in 1998, Sharon Derry, Helena Osana, and Melanie Jones developed a three-week curriculum that taught statistical reasoning through gaming.  During the first half-week the students watched the movie Lorenzo’s Oil, a depiction of an actual event where statistical reasoning is integral.  Following the movie, a person involved in the story came to speak to the class.  For the remainder of the three weeks, students gave various presentations of arguments pertaining to the movie and other issues.  There were no assignments directly related to teaching statistical concepts and just one day was devoted to those concepts.  Relative to a control classroom, the students did show superior statistical reasoning ability.


I believe that a solution to the problem of misunderstanding stochastics should be activity based and deal with changing the pre/misconceptions that students have while inductively constructing an understanding of stochastics.  My idea is to use PDA’s to model expectation values.  This relates directly to Tversky and Kanhemn’s risk paradigm.  Although there are many misconceptions to deal with, I chose this one because I want to focus on developing an entire idea, rather than just a general way to deal with stochastic misconceptions.


The project is a month long activity for 8th grade math classes.  Students encounter contrived situations that force them to make choices that are stochastically weighted.  They record their choices on the PDA and download the total results after a month into a database.  Since all students encounter the same choices, there will be a variety of final outcomes, and these outcomes will be ordered by desirability.  So students who make decisions with higher expected returns would likely show a more desirable result.  


Similar modeling activities have involved using Texas Instruments graphing calculator to describe traffic flow in a make-believe city (Wilensky 2000).  Each student had a calculator and was responsible for one intersection.  The overall traffic pattern was recorded by a central computer and replayed for analysis for the class.  I chose PDA because I want this to be an activity that students do outside the classroom as well.  For the first month, students will encounter decision in other parts of the school, with the principal’s permission of course, but a second unit could include students documenting choices they encounter in real life.


The nature of this design is really just a theoretical framework.  If this project were to produce an actual working product, this is how I would proceed:

Monday, week one:

Meet with a database expert, proficient in computer database language and the PDA language toolbox.

Week one:

Research state standards on teaching 8th grade statistics.  Have database expert create compute database and PDA database

Monday week two:

Meet with someone to discuss 8th grade standards.

Week two:

Work on database functionality and graphical interface. 

Friday, week two: 

Have 5 graphical interface prototypes.

Week three:

Complete functional prototypes.

Week four:

Test functional prototypes.

Friday, week four:

Choose 1 prototype for further development.

Week five:

Refine final prototype.

Week six:

Test final prototype

Budget:

$5000

$500 for software

$1500 for hardware

$3000 for labor

Again, since Standing up to Statistics will not exist by the expo, a comprehensive assessment of learning is not possible.  However, if the program was complete, this is how I would assess it.

Each group would receive 10 questions related to expectation values, 5 or which would be traditional computation problems while the remaining 5 would be much like the scenarios Amos Tversky and Daniel Kahneman studied, before the study.  After completing each unit, the students would answer 20 similar questions (10 traditional 10 scenario) related to expectation values.

An example of a traditional computational question is: What is the expected value if given one die, when you roll an even number, you lose 2 points, and when you roll an odd number, you gain 3 points.

By looking at the total posttest results, we could determine if the students understand and can compute expectation values. 

By comparing the Tversky-Kahneman scenarios in the pretest and posttest, we could determine if the students realign their misconceptions.

In the end, Standing up to Statistics models risk inductively; a method that scientists do, see above, so having student behave like experts should deepen their understanding of stochastics.  Hopefully, by allowing students to use and error by their acquired preconceptions, the project will reshape misconceptions into just conceptions. 

