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Students and Scholarships


Statistics is the science of collecting, organizing, and interpreting data.  There are many methods of collecting raw data, one being an observational survey.  In an observational study, a researcher observes or measures characteristics of the sample members but does not attempt to influence or modify these characteristics.  In a survey, people are questioned about a specific topic so that a researcher may learn more about it.  In a statistical study like the one described in this paper, there are many components.  A population, or complete set of people or things being studied, needs to be declared.  In our example case, all of the students at Saint Joseph’s College make up the population.  A sample, or subset of the population from which data is obtained, also needs to be chosen.  There are many ways to choose a sample, which will be discussed later in the paper.  The characteristics being studied, or the population parameters, need to be clearly stated, for example, students receiving scholarship money.  All of these components are addressed and taken care of in five basic steps.  This paper will investigate those five steps, will provide an example experiment applied to each step, and will conclude with an exploration into the different ways of conducting a hypothesis test.  


The first step in a statistical study is identifying goals.  In this step, a researcher must accomplish two tasks.  First, he or she must determine the population he or she would like to study.  A researcher must also clearly state the population parameters.  In the example study, the population is Saint Joseph’s students.  The population parameters include specific statistics about scholarship money.  We want to find out how many students are receiving either academic or athletic scholarships.  More importantly, want to see how many boys are receiving academic or athletic scholarships opposed to how many girls are receiving scholarships based on academics or athletics.


The second step in a statistical survey consists of drawing a sample from the population.  There are four main methods of drawing from the population.  The goal in finding a representative sample is to choose a sample in which the relevant characteristics of the sample members match those of the population. One way to choose a sample is simple random sampling.  In this method, each sample of a given size has an equal chance of being selected.  There is also systematic sampling, were a simple system such as every 10th dorm room chooses the sample.  A third sampling technique is stratified sampling, used when researchers are studying different subgroups within a population.  First, a researcher must identify the subgroups, and then take a simple random sample from each.  The fourth and final method of sampling is called convenience sampling, where a sample is chosen because it is convenient.  The observational survey we conducted used convenience sampling because we surveyed the first 50 boys and 50 girls we met with in the school cafeteria.


The third step in a statistical study is collecting raw data from the sample and summarizing it by finding sample statistics of interest.  In an observational survey, one collects data by interviewing its sample population.  To find statistics of interest, you take the important questions and answers from each interview.  The interview can be written, oral, or electronic.  In the example study, sample members were interviewed in a written manner.  They were asked to check the box that applied to them, whether their scholarship was academic, athletic, both, or neither.  The statistics of interest were the number of males in each category, the number of females in each category, and the number of males and females in each category.

	
	Academic
	Athletic
	Both
	Neither
	Total

	Male
	9
	11
	14
	16
	50

	Female
	28
	1
	13
	8
	50

	Male & Female
	37
	12
	27
	24
	100


This table shows all of the data we collected from our sample.  It splits our sample population into three parts: male, female, and male and female.  The following pie graph displays the data for males and females in a different form.  We can see in the graph below that 37% of the students we sampled are on academic scholarship, while only 12% are receiving athletic scholarship.   
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The statistics that are most important to us are for the male and female results, since we are looking to compare number of scholarships between the sexes.  The following pie graphs represent these two divisions.  For academic scholarships, 56% of females receive money, while only 18% of males receive money.  For athletic scholarships, 22% of males receive money while only 2% of females do. 

                                                  Male
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In the previous step, we collected and summarized our sample data.  In the fourth step, we use those summaries to make inferences about the population.  For example, from our summaries, we may infer that more girls receive academic scholarships than boys, or that more boys receive more athletic scholarships than girls.  These inferences give us our population parameters.


The fifth step consists of drawing conclusions.  A researcher determines what he or she learned and whether or not the goal was achieved.  In our experiment, we achieved our goal by learning more about the scholarship trends at Saint Joseph’s College.  We learned from our sample that academic scholarships are received by more girls than boys, while athletic scholarships are received by more boys than girls.  In order to have been even more positive about our inferences, we could have chosen a larger sample size and used different sampling methods. 


A hypothesis test is a process that uses sample statistics to test a claim about the value of a population parameter.  Hypothesis tests are used to make educated guesses about a variety of topics, such as presidential elections.  In our experiment, we used hypothesis testing to test some of the conclusions we drew from our sample data.  A statistical hypothesis is a claim about a given population parameter.  To test the claim, one must declare a pair of hypotheses.  One hypothesis is the claim itself, or the null hypothesis, while the other is the opposite, or alternative hypothesis.  There are three different cases for the null hypothesis.  If the claim is equal to the population parameter, it will be a two-tailed test.  If the population parameter is greater than or equal to the claim, it will be a left-tailed test.  Finally, if the population parameter is less than or equal to the claimed value, it will be a right-tailed test.  After declaring the null and alternative hypothesis, one must state the desired level of significance, or maximum allowable probability of making an error of rejecting the null hypothesis when it is actually true.  Next, the critical z-score values and rejection regions must be determined.  If there is a 95% confidence level, and it is a two-tailed test, 5% (the level of significance) must be split into each rejection region.  That makes one z-score located at 97.5% and the other located at 2.5%.  These z-scores will be +/- 1.96.  

The next step is finding the standardized z-score.  Depending on the statistical study, there are different formulas.  In our experiment, we had to test the difference between two different proportions, so our formula was different than the normal standardized z-score.  The formula we used is:

Using the standardized z-score, a researcher determines whether it is in the rejection region or not.  If it is, we reject the null hypothesis, and accept the alternative hypothesis.  If it isn’t we fail to reject the null hypothesis and no conclusions can be drawn from the information.  The final step is simply to interpret this decision.

In our experiment we had to make four sets of hypotheses because of our four different categories: academic, athletic, both or neither. 

ACADEMIC

H-null:  u1 = u2   or 

# of men in population on academic scholarship = # of women in population on academic scholarship

H-alternative: u1 does not equal u2

Level of significance:  5% or .05

Test is two-tailed and critical z-scores are +/- 1.96

Standardized z-score:  Plug the following values into the equation above.

X1 = 9             p1= X1/N = .18

X2 = 28           p2 = X2/N = .56

N = 50

Standardized z-score = -4.28076   This value is in the rejection region so we reject the null hypothesis and accept the alternative.  We are 95% certain that the number of men in the population receiving an academic scholarship is much less than the number of women in the population receiving an academic scholarship.

ATHLETIC

H-null:  u1 = u2 or

# of men in population on athletic scholarship = # of women in population on athletic scholarship

H-alternative:  u1 does not equal u2

Level of Significance:  5% or .05

Test is two tailed and critical z-scores are +/- 1.96

Standardized z-score:  Plug the following values into the equation above.

X1 = 11
p1 = X1/N = .22

X2 = 1

p2 = X2/N = .02

N = 50

Standardized z-score = 3.234.  This value is in the rejection region so we reject the null hypothesis and accept the alternative.  We are 95% certain that the number of men in the population receiving an athletic scholarship is much higher than the number of women in the population receiving an athletic scholarship.

BOTH ACADEMIC AND ATHLETIC

H-null:  u1 = u2 or

# of men in population on both scholarships = # of women in population on both scholarships

H-alternative:  u1 does not equal u2

Level of Significance:  5% or .05

Test is two tailed and critical z-scores are +/- 1.96

Standardized z-score:  Plug the following values into the equation above.

X1 = 14
p1 = X1/N = .28

X2 = 13
p2 = X2/N = .26

N = 50

Standardized z-score = .2253.  This value is not in the rejection region so we fail to reject the null hypothesis and cannot draw any conclusions from this test.

NEITHER ACADEMIC NOR ATHLETIC

H-null:  u1 = u2 or

# of men in population not on scholarship = # of women in population not on scholarship

H-alternative:  u1 does not equal u2

Level of Significance:  5% or .05

Test is two tailed and critical z-scores are +/- 1.96

Standardized z-score:  Plug the following values into the equation above.

X1 = 16
p1 = X1/N = .32

X2 = 8 
p2 = X2/N = .16

N = 50

Standardized z-score = 1.906.  This value is not in the rejection region so we fail to reject the null hypothesis and cannot draw any conclusions from this test.

In conclusion, this paper explained the process used to conduct a valid statistical study, and it provided examples from a real experiment for each step along the way.  Finally, it explains how to conduct a hypothesis test, as well as showing four examples of hypothesis testing from our data.  From the hypothesis testing, we can conclude that more females receive academic scholarships and more males receive athletic scholarships.
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