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Abstract

The hypothesis of the study is that working with interactive, manipulable, and dynamic graphs will help people visualize the relationship between numbers more easily.  The design of the study compared participants on a pre-test, had them complete an activity either on paper using paper-based charts or a computer-charting activity which allowed them to interactively enter data and see it graphed.  Each group had four participants and the pre and post test questions were exchanged for half of each group to remove bias in questions.  Then, all participants took a post-test to see if their ability to estimate had improved, declined or remained constant.  The results suggest no improvement in ability to estimate results from participation in the simulation group.

Introduction

I wanted to demonstrate that people learn more when they have control over manipulating settings leading to an outcome versus being passive information users.  The idea is that giving access to the settings allows the user to engage in problem solving as they try to figure out the relationship between parameters.  This should be more engaged learning than simply looking up a number in a table.  For example see the charts below:
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Fig. 1 This shows the computer simulation, where you can manipulate the settings and see a graph drawn which shows the months until the balance is paid off and the cumulative interest paid.
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Fig 2 This diagram shows the paper versions of the charts, where the user can look up the information and also use a static diagram. 

The intent of the experiment is to show that by actively engaging in manipulation of the values and viewing the outcomes, the process of experimentation will lead the subject to a greater understanding of the relationships between the numbers, and thus to an enhanced ability to estimate financial calculations involving cumulative interest and months to debt payoff.  The hypothesis is that interactive simulations and graphs will lead to a greater ability to estimate than will working with traditional paper-based, static charts and graphs.

General Description of the Tool

The Annual Percentage Rate tool is a smaller component within a larger project design.  This tool is explicitly designed to encourage users to think about the importance of choosing a credit card with a lower APR.  By exploring various starting balances, monthly payments, and APR’s, they can see how much of a difference an increase in the monthly payment or APR makes to the amount of interest paid and the amount of time it takes to pay off the balance.

General Description of the Experiment

The experiment involved two sets of subjects.  All subjects completed a pre and post-test and were involved in either a Paper-based Activity or a Computer Simulation Activity.  The results of the pre and post tests were analyzed to find any signs of improvement in the subjects ability to estimate.

If subjects in the Simulation Activity did better on the post-test than the pre-test this result would support the hypothesis that working with interactive simulation graphs improves subjects ability to estimate.  However if subjects in the Paper Activity did better on the post-test then this would suggest either the hypothesis is incorrect, or that there is some other aspect of the Simulation Activity which detracted from a positive result in this experiment.  If performance on the pre and post tests are measurably identical for both groups, this suggests that people are just bad at estimating and we’ll have to do more work on finding a solution to assist them in improving.  Finally, if the subjects perform poorly on the post-test compared to the pre-test, then this shows the APR tool or charts are poorly designed and are actually leading to more confusion.

Methods

Participants

The participants in the study were a mix of adults, including graduate students and middle-age professionals.  They came from a mix of ethnic backgrounds and schooling, including North-America, Asia, and India.  Each group was equally divided between female and male.  Participants were selected according to availability in the requested time-frame, and were randomly selected to participate in the Paper or Simulation Activity.  Due to unexpected schedule changes, two participants were unable to participate in the experiment and efforts to replace them were unsuccessful.  As the participants were assigned to a group according to chance, this left the Paper-Based Activity with only two participants.

Materials

Paper Activity Group

· Pre-Test Questions Handout

· Paper Activity Questions Handout

· Paper Activity Charts Handout

· Post-Test Questions Handout

Computer Simulation Group

· Pre-Test Questions Handout

· Computer Simulation Activity Questions Handout

· Desktop Computer with keyboard and mouse – running the APR Simulation Tool

· Post-Test Questions Handout

Design

I set up the experiment as follows:

	 
	Paper Activity
	Simulation Activity

	 
	 
	 
	 
	 

	Group A Questions
	A, B
	 
	E, F
	 

	 
	 
	 
	
	 

	Group B Questions
	C, D
	 
	G, H
	 


The study consisted of two groups of  participants, one doing a paper activity and the other a computer simulation.  Both groups completed pre and post tests.  The pre and post tests consisted of 4 questions each, two which asked the participant to estimate the number of months to payoff a credit card balance given the APR and monthly payment amounts, and the other two asking for estimates of the amount of interest paid.  The questions were flipped for half the participants so within one group 2 would have the same 4 questions on the pre-test as the other 2 had on the post-test.  The question swapping was done to eliminate any unintended bias in the ease of solving the questions.

Procedure

Each subject was introduced to their role in the experiment, given the pre-test and asked to complete it in a reasonable amount of time with an emphasis on estimates versus exact calculations.  After the pre-test, subjects in the Paper-Activity group answered a set of questions which involved looking up a value in a provided paper chart and entering it as the answer.  The subjects in the Simulation group were asked to set the Simulation Parameters to arrive at a specific result in the graph. Ie. The balance is paid of in X months or The cumulative amount of interest paid is $X.  As they tried different combinations they were asked to write down what they had attempted.  After the activity was complete, they subject completed a post-test which was similar to the pre-test, just using different numbers.  At the conclusion of the activity they were thanked for their participation.  At the conclusion of the experiment, if they requested to do so, participants were allowed to check the accuracy of their answers using the APR Tool as long as they  didn’t change their answers.

Coding

The questions which involved estimating the number of months to payoff a balance were credited if the subject came within a few months of the correct answer.  For example if the answer was 25 months and the subject answered 27, they were given credit, but if they answered 32, the answer was marked wrong.  The questions involving estimation of the cumulative interest paid were given credit if they were no more than 15% higher or lower than the answer.  For example if the answer is $240 then $403 would be wrong, but $276 or $204 would be OK.  As the amount of interest being estimated got smaller, greater variability was allowed  For example if the answer was $30, then $25 was marked correct.

Results

	
	Distance of the Subject's Answer from the Correct Answer (Shaded boxes are coded incorrect)

	PreAssessment
	A
	B
	C
	D
	E
	F
	G
	H

	1
	2
	2
	 
	 
	0
	8
	3
	8

	2
	0
	7
	 
	 
	1
	0
	3
	18

	3
	$5.00
	$15.00
	 
	 
	$118.00
	$25.00
	NA
	$868.00

	4
	$23.00
	$37.00
	 
	 
	$8.00
	$163.00
	NA
	$342.00

	
	 
	 
	 
	 
	 
	 
	 
	 

	Post Assessment
	 
	 
	 
	 
	 
	 
	 
	 

	5
	0
	1
	 
	 
	3
	1
	13
	7

	6
	1
	2
	 
	 
	0
	2
	3
	3

	7
	NA
	$68.00
	 
	 
	$5.00
	$118.00
	NA
	$15.00

	8
	$108.00
	$8.00
	 
	 
	$71.00
	$8.00
	$1,423.00
	$223.00

	
	
	
	
	
	
	
	
	

	Coding
	Worse
	Better
	
	
	Same
	Better
	Worse
	Better


The results do not support the hypothesis as only half the subjects in the Simulation Group had any improvement on the post-test, whereas the other subjects did either the same or more poorly than on the pre-test.  The two subjects in the Paper-based Group were equally divided in that one did better on the post-test and the other did worse.  As it stands these results are insufficient to conclude that either method is superior to the other, or indeed that either method has any effect on subjects ability to estimate.  One interesting point is that subjects in the Simulation group who did very poorly on the pre-test ie 3 out of 4 or 4 out of 4 questions wrong did show improvement on the post-test in that they got 50% correct.  Whether this is an anomaly would need to be examined with a more extensive study.

General Discussion

If the study were to be improved I would look at situating the activities so they are more meaningful to the subjects.  An idea for this would be to use a story and word problems to help bring the numbers into relevancy for the subjects.  As I watched the subject completing the experiment it seemed like many had a lot of anxiety around financial math, saying things like “I hope I pass”, “Can I use a calculator?,” and “This is why I didn’t go into Economics.”  What is interesting to me is how to make the whole experience less intimidating.  I had hoped that a closer engagement with an interactive tool would help remove some of the dryness and unapproachableness of the subject, but the experimental results aren’t enough to support the hypothesis.  Subjects gave positive feedback about the APR Tool, but seemed to think it needed more labeling and explicit structure that tied the curriculum and the tool together.  Similar areas of interest would be to study where the number phobias come from and attempt to design to overcome the fear.  

