Appendix C:  Data Analysis Details

C.1.  Classification of Reasoning Categories for Questions 4 and 5 of the Sampling Distribution Assessment

Using the Assessment Tool (see Appendix B) provided by Garfield, delMas, and Chance (2000), we classified students reasoning skills according to their answer pairs on Questions 4 and 5.  The answer pairs for Question 4 consisted of their answers to 4a and 4e and similarly for Question 5.  These are the same classifications as delMas, et. al. (2002) which are a refinement of the “reasoning pairs” defined in delMas, et.al. (1999a) by essentially separating the “good” responses into “good” and “L-S Normal.”  Below is a description of the classifications.  Tables C.3 and C.4 below show how all possible answer pairs are classified for Questions 4 and 5, respectively, and Figure C.1 below shows graphical examples of the different types of reasoning for Question 5 of the Assessment Tool.

C.1.1 Description of Classifications

· Correct:  The correct graph is chosen for the sampling distribution for the small sample size and also for the large sample size.  

· Good:  Students select answer pairs in which the standard deviation of the sampling distributions chosen decreases from large to small as the sample size increases; the sampling distribution chosen for the large sample size has a normal shape but the sampling distribution chosen for the small sample size has a shape more like the population.  However, the sampling distribution chosen for the small sample size must have a standard deviation less than the population distribution for an answer pair to be classified in this category.  

· Large to Small Normal:  As in the Good category, students choose answer pairs in which the standard deviation of the sampling distributions chosen decreases from large to small as the sample size increases; the sampling distribution chosen for the large sample size has a normal shape but the sampling distribution chosen for the small sample size has a shape more like the population.  However, the distribution chosen for the small sample size may now have a standard deviation the same as the population.

· Large to Small Population:  Students choose answer pairs in which the standard deviation decreases from large to small as the sample size increases, but the shape of the sampling distributions resemble the population distribution for both large and small sample sizes.  

· Small to Large:  Students choose answer pairs in which the standard deviation of the sampling distributions increases as the sample size increases.

· Same:  Students choose answer pairs in which the standard deviation of the sampling distributions are the same as the sample size increases.

· Other:  Any answer pair not in one of the above categories.

C.1.2 Classification Tables and Example Figure

Figure C.1 below gives graphical examples for category classification for Question 5.

Figure C.1. Examples of pairs of graphs for each type of reasoning for Question 5 (Figure 9 of delMas, et. al. (2002), used with permission).
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Tables C.1 and C.2 below show how the answer pairs for Questions 4 and 5 were classified into reasoning pairs.   The rows are the possible answers for the sampling distribution chosen for the smaller sample size and the columns are the sampling distribution chosen for the larger sample size.  In parentheses by each answer, we state the characteristics of the sampling distribution, in terms of its shape and standard deviation as compared to the population.   

Table C.1.  Question 4 Answer Pairs with Category Classification

	Answer Pair Classification

(4a, 4e)
	4e Answer
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	4a Answer
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	A

(Population/ Same)
	B

(Population/ Smaller)
	C

(Normal/

Smallest
	D

(Approx Normal/ Smaller)
	E

(Approx Pop/Same)

	A

(Population/ Same)
	Same
	L-S Pop
	L-S Normal
	L-S Normal
	S-L

	B

(Population/ Smaller)
	S-L
	Same
	Good
	Good
	S-L

	C

(Normal/

Smallest
	S-L
	S-L
	Same
	S-L
	S-L

	D

(Approx Normal/ Smaller)
	S-L
	S-L
	Correct
	Same
	S-L

	E

(Approx Pop/Same)
	L-S Pop
	L-S Pop
	L-S Normal
	L-S Normal
	Same


Table C.2.  Question 5 Answer Pairs with Category Classification

	Answer Pair Classification

(5a, 5e)
	5e Answer
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	5a Answer
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	A

(Population/ Same)
	B

(Population/ Smallest)
	C

(Approx Normal/

Smaller
	D

(Population/ Smaller)
	E

(Normal/

Smallest)

	A

(Population/ Same)
	Same
	L-S Pop
	L-S Normal
	L-S Pop
	L-S Normal

	B

(Population/ Smallest)
	S-L
	Same
	S-L
	S-L
	L-S Normal

	C

(Approx Normal/

Smaller
	S-L
	L-S Pop
	Same
	Other
	Correct

	D

(Population/ Smaller)
	S-L
	L-S Pop
	Good
	Same
	Good

	E

(Normal/

Smallest)
	Other
	Other
	S-L
	S-L
	Same


Below in Figure C.2 are graphs showing the percent of Math 300 students in each reasoning category (both pretest and posttest results) for both the skewed and the irregular populations (Questions 4 and 5, respectively).  The figure also shows the distribution of the twenty-five possible answer pairs for each question (assuming equally likely answer pairs).  Note that none of the twenty-five possible reasoning pairs for the skewed distribution where classified as other.  The percent of students who were classified as having correct or good reasoning increased from 16.7% to 33.3% for the skewed population and from 11.1% to 27.8% for the irregular population.  If we examine the students who were classified as correct, good, or large to small normal, then we see an increase from 27.8% to 61.1% for the skewed distribution and 11.1% to 77.8% for the irregular distribution.  We note that our students seemed to have a more difficult time with the skewed distribution than the irregular distribution.  In addition, we see a large decrease in the percent of students that show incorrect reasoning (small-to-large, same, or other) from pretest to posttest (55.6% to 22.2% for the skewed population and 77.8% to 16.7% for the irregular population).  These trends and difficulties are consistent with previous results (delMas, et. al., 2002).  

Of interest to us was the large percent of our students that were classified as having “large-to-small normal” reasoning for the irregular population.  Since 78% of our students chose the correct sampling distribution for the large sample size for the irregular distribution (see Section 4.2.1 above), it appears that our students were not demonstrating correct or good reasoning because of their choice of the sampling distribution for the small sample size.   

Figure C.2.  Distribution of Math 300 Students (and Equally Likely Reasoning Pairs) into Reasoning Categories for the Skewed and Irregular Populations (Questions 4 and 5, respectively)
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C.2.  Classification of Consistent Graphical Reasoning in Choice of Sampling Distribution for Question 5.

Below in Tables C.3 and C.4 we show the determination of “consistent graphical reasoning” for Question 5 of the Assessment Tool (Appendix B).  In the rows we have the stated variance (as compared to the population) and the stated shape of the sampling distribution.  In the columns are the possible choices for the sampling distribution.  For example, in Table C.3 below we see the data for the Math 300 pre- and post-tests for Question 5a (determining the sampling distribution for 
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).  The values in the cells represent the number of students.  Pre-test data is in parenthesis below post-test data.  Thus we can see that on the post-test, 6 of the 18 students chose the correct distribution.  Cells with an asterisk indicate that the student displayed “consistent graphical reasoning” even if their answer was not correct.  Thus we see that for the post-test, of the 4 students that stated the variance of the sampling distribution would be the same as the population and the shape of the sampling distribution would also be the same as the population, all chose the sampling distribution that was consistent with their stated variance and shape (although it is not correct).  Thus we see that 14 of the 18 students displayed “consistent graphical reasoning” on the post-test although only 6 of the 18 actually had the correct answer.

Table C.3.  Consistent Graphical Reasoning Classification and Data for Math 300 (Pre) and Post Tests for Question 5a

	Stated Variance of Sampling Dist.
	Stated Shape of Sampling Dist.
	5a - Sampling Dist. Chosen for Irregular Population, 
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 (Variance of Sampling Dist. Compared to Population)
	Totals

	
	
	A

Population (Same)
	B

Population

(Smallest)
	C

Normal

(Smaller)

Correct Answer
	D

Population

(Smaller)
	E

Normal

(Smallest)
	

	Less than Population
	Normal
	(1)
	
	6*
	
	2*

(2)*
	8

(3)

	
	Population
	3
	2*

(1)*
	
	*
	
	5

(1)

	Same as Population
	Normal
	
	
	
	(1)
	(3)
	0

(4)

	
	Population
	4*
	(1)
	
	
	
	4

(1)

	More than Population
	Normal
	
	
	(1)
	
	(3)
	0

(4)

	
	Population
	1

(1)
	(3)
	
	(1)
	
	1

(5)

	Totals
	8

(2)
	2

(5)
	6

(1)
	0

(2)
	0

(8)
	18

(18)


Cells with an asterisk indicate that the student displayed “consistent graphical reasoning” even if their answer was not correct.
Table C.4.  Consistent Graphical Reasoning Classification and Data for Math 300 (Pre) and Post Tests for Question 5e

	Stated Variance

of Sampling Dist.
	Stated Shape of Sampling Dist.
	5e - Sampling Dist. Chosen for Irregular Population, 
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n

=

 (Variance of Dist. Compared to Population)
	Totals

	
	
	A

Population (Same)
	B

Population

(Smallest)
	C

Normal

(Smaller)
	D

Population

(Smaller)
	E

Normal

(Smallest)

Correct Answer
	

	Less than Population
	Normal
	
	(1)
	1*
	2

(1)
	14*
	17

(2)

	
	Population
	(1)
	*
	
	*
	
	0

(1)

	Same as Population
	Normal
	(2)
	
	
	
	(1)
	0

(3)

	
	Population
	*

(2)*
	
	
	
	
	0

(2)

	More than Population
	Normal
	(2)
	
	(1)
	(1)
	
	0

(4)

	
	Population
	(1)
	1

(1)
	
	(4)
	
	1

(6)

	Totals
	0

(8)
	1

(2)
	1

(1)
	2

(6)
	14

(1)
	18

(18)


Cells with an asterisk indicate that the student displayed “consistent graphical reasoning” even if their answer was not correct.
C.3  Details of Qualitative Results

Table C.5 below shows the results of two qualitative surveys given to our Math 300 students.  The pre-survey was administered at the beginning of the Spring 2004 semester and the post-survey was administered at the end of the semester.  A Likert scale was used to assess student self perception of their understanding of class topics.  Students were asked to rate their knowledge of a given topic with a 1 indicating low knowledge and a 5 indicating high knowledge.  In the table we show the topics, the average knowledge level reported on the post-survey by 22 students, the average difference between the post-survey and the pre-survey, and the standard deviation of the pair wise differences.   Note that we are only showing topics relevant to this paper and that we actually assessed our students on more than 60 topics, some of which were not included in the course.

Table C.5  Qualitative Survey Results for Math 300 

	Topic (Sample Size of 22 Students)
	Post Avg
	Avg Diff

(Post – Pre)
	Paired Std Dev.

	My understanding of how to compute a sample mean versus how to compute the distribution (population) mean.
	4.3
	1.7
	1.2

	My understanding of how to compute a sample variance versus how to compute the distribution (population) variance.
	4.0
	1.6
	1.6

	My understanding of empirical probability distributions versus probability distributions.
	3.9
	1.8
	1.3

	My understanding of how to find probabilities associated with discrete random variables
	3.7
	1.9
	1.2

	My understanding of how to find probabilities associated with continuous random variables.
	3.8
	2.0
	1.2

	My understanding of Bernoulli trials and their associated distributions.
	3.4
	1.6
	1.6

	My understanding of the Normal Probability Distribution.
	4.1
	2.1
	1.3

	My understanding of the difference between cumulative probability functions and probability mass/density functions.
	3.0
	1.5
	1.6

	My understanding of Mathematical Expectation and its properties.
	3.5
	2.1
	1.2

	My understanding of independent random variables.
	3.9
	1.8
	1.1

	My overall understanding of random variables.
	3.6
	1.4
	1.2

	My understanding of the Central Limit Theorem.
	3.8
	2.2
	1.5

	My understanding of Point Estimation.
	3.1
	1.3
	1.6

	My understanding of Confidence Intervals for Proportions.
	3.2
	1.4
	1.4

	My overall understanding of probability.
	3.4
	1.2
	1.0

	My overall understanding of statistics.
	3.0
	1.0
	1.2


C.4 Paired Results for Correct Identification of Sampling Distribution

Below are four two-way tables which show the paired results for our Math 300 students for correct sampling distribution identification for Problems 4a, 4e, 5a, and 5e.  The rows give the number of students who correctly or incorrectly identified the sampling distribution on the pretest and the columns give the number of students who correctly or incorrectly identified the sampling distribution on the posttest.

Table C.6  Identification of Correct Sampling Distribution for Question 4a – Skewed Distribution with Small Sample Size

	Question 4a
	Posttest
	Totals

	Pretest
	Correct ID
	Incorrect ID
	

	Correct ID
	0
	0
	0

	Incorrect ID
	3
	15
	18

	Totals
	3
	15
	18


Table C.7  Identification of Correct Sampling Distribution for Question 4e – Skewed Distribution with Large Sample Size

	Question 4e
	Posttest
	Totals

	Pretest
	Correct ID
	Incorrect ID
	

	Correct ID
	1
	2
	3

	Incorrect ID
	9
	6
	15

	Totals
	10
	8
	18


Table C.8  Identification of Correct Sampling Distribution for Question 5a –Irregular Distribution with Small Sample Size

	Question 5a
	Posttest
	Totals

	Pretest
	Correct ID
	Incorrect ID
	

	Correct ID
	0
	1
	1

	Incorrect ID
	6
	11
	17

	Totals
	6
	12
	18


Table C.9  Identification of Correct Sampling Distribution for Question 5e –Irregular Distribution with Large Sample Size

	Question 5e
	Posttest
	Totals

	Pretest
	Correct ID
	Incorrect ID
	

	Correct ID
	0
	1
	1

	Incorrect ID
	14
	3
	17

	Totals
	14
	4
	18
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