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Income discrimination has been an issue between men and woman for decades. Our management team is performing an analysis on the possibility of income discrimination existing within our company. Our team believes that conducting an analysis of the salary distributions among our current employees of different gender, age, and education level, will provide top management with appropriate decision making tools. Our calculations will allow us to understand certain important factors about the decisions we make in regard to our employees. Such factors include our hiring practices, our determinations of salary among our employees, and most importantly, looking into any sort of discrimination that may exist within the company.  

Methodology

Our method of solving this possible discrimination will require answering a series of statistical questions. We will use a variety of descriptive and analytical statistical methods to aid in drawing our conclusions. Along the way, we will take into consideration the sampling errors that may exist, as well as any other collection errors we believe may be present. We plan to answer a systematic series of questions that will formulate our conclusion of answering whether bias exists within the company, particularly in regards to gender or age

First, we will have to summarize our raw data, and gather descriptive statistics such as measures of central tendency and measures of dispersion. Our company has a sample of 111 employees, and we have obtained raw data for each individual such as: Salary at the time the study was conducted (NSAL), and salary at the time of hiring (SSAL). These different salaries will only become useful when we connect and compare them to certain characteristics of our employees. Hence, we have supplementary raw data such as: 

Sex (SEX;0 for male, 1 for female) 
Seniority within the company (SENIOR)
Age (in months) of employees (AGE)
Months’ worth of experience (EXP), and 
Education (EDU; 1= high school graduate, 2= some college, 3= college graduate)

[bookmark: _GoBack]Relating this raw data by calculating different types of statistics will help us turn data into useful information. To illustrate our quantitative findings, we will create box and whisker plots, revealing the distribution of experience, age, education, and NSAL (salary at the time of study). Comments on the shape of the distributions will be made, as well as an analysis on the underlying distributions of the sample, and how that relates to the population. In respect to our qualitative data, we will include necessary relative frequencies. 
	
Second, we must create a 95% confidence interval. This will help determine how much of the actual employee population parameter will be within the 95% sample interval. We will take sampling errors and standard errors into consideration at this point of our analysis. We know that the sample of employees provided, and corresponding characteristics may not be representative of the actual population. We will use the equation x̄ ± z (δ/√n) to determine the 95% confidence interval that we are looking for in respect to NSAL (salary at the time of study). We will attempt to be as representative as possible of the population as to allow top management to make the appropriate decisions. 
	
Thirdly, we will compare the salaries at the time of the study, using appropriate graphs created on excel. We will compare the mean salaries (x̄) as well as the standard deviation of salaries (s) for both men and women separately. We will analyze the distributions of these statistical data, and we compare them in in respect to the mean salaries of the overall wages that we calculated previously in question one. 

The fourth question that we must address is whether the available data support the belief that there is a relationship between the age at the time of hiring and the salary at the time of hiring. To answer this question we will calculate the correlation coefficient between the age and salaries at the time of hiring. Using this coefficient, we will generate scatter plots for age and salary at the time of hiring separately, and compare them. We will draw a conclusion as to whether there is a relationship between the two variables. 
	
Management recognizes the disparities in wages between males and females working for the institution. Yet the company claims that female salaries are catching up to males in the recent years. We will therefore test the hypothesis that no more than 50 percent of female salaries were lower than the average salary at the time of the study. We will use the Hypothesis Testing analysis indicated in chapter 9 of the textbook. We will state that Ho (status quo) as x̄ ≤ 50% of the average NSAL, and Ha (alternative hypothesis) as x̄ greater than NSAL. We will either reject or not reject Ho. We will define alpha as 5%, that is to say there will be 5% chance of making a type one error. If our test statistic is greater than our critical value (cut off point), we will reject the hypothesis that not more than 50% of female salaries are below the average NSAL. This will allow top management to assume that there may be a high chance of unequally distributed salaries among men and women within the company. 





Question 1: Descriptive Statistics

	Table 1.1 - Descriptive Statistics

	
	Experience
(in months)
	Age
(in months)
	Education*
(nominal)
	Salaries at time of study
(in dollars)

	Mean
	38.581
	348.279 
	1.477
	11,325.69

	Median
	18
	327
	1
	11,040

	Mode
	0
	301
	1
	11,760

	Standard 
Deviation
	52.867
	84.885
	N/A
	2,921.19

	Range
	265
	464
	N/A
	24,740



*Education is labeled 1=high school graduate, 2= some college, 3= college graduate.

Our sample results imply that the underlying distribution of the population is not normal. The distribution of experience in both males and females is right skewed. We realize this because the mean exceeds the median, for experience is equal to 38.6, and the median experience is 18. The distribution of the age of males and females are also positively skewed. This is also shown by the mean being greater than the median. Moreover, the distributions of education and salaries at the time of study for both males and females are rightly skewed.

Figure 1.1: Months of Work Experience (EXP)


	Table 1.2 - Months of Work Experience (EXP)

	n
	Min
	Q1
	Q2
	Q3
	Max
	Lower Limit
	Upper Limit
	IQR

	111
	0
	4.5
	18
	55
	265
	-71.25
	130.75
	50.5



Our results given by the box and whisker plot showing months of work experience including both males and females is positively skewed. The majority of employees had an approximate average of 3.25 years’ (39 months) of work experience at the time the study was conducted. The least amount of experience in total was zero months. The maximum amount of experience was approximately 11 years (130 months). There were eight outlier months of experience greater than the upper limit of our box and whisker plot, and no lower outliers. This suggests that the majority of males and females had experience greater than or equal to 3.25 years. With this observation, we can begin to challenge the claim that all variables in the given data were normally distributed except for sex and education. From our calculations, we can see that the sample average of the months’ worth of experience is above the median. We will later discuss if there is a link between months of work experience, and salary at the time of the study. For the moment, we can conclude that the majority of employees, both male and female have experience greater than 3.25 years. We cannot yet make any relation until we have compared this experience with the corresponding salary.
Figure 1.2: Age in months at time of hire (AGE)


	Table 1.3 - Age in Months at time of hire (AGE)

	n
	Min
	Q1
	Q2
	Q3
	Max
	Lower Limit
	Upper Limit
	IQR

	111
	276
	298
	327
	362
	740
	202
	458
	64



The results for the age at the time of hiring are approximately normally distributed. The total average age of the selected employees is 27.25 years old (327 months). This reveals that most of the employees that were selected to participate in the study were in their late twenties. In later questions, we will discuss the relationship between the age of both males and females separately as well as the salaries at the time of the study. For now, we can conclude that the majority of employees were either 27 years of age or older with an average of approximately 4 years of work experience. We can also note that there are eight employees with outlier ages, which is to say that there are eight employees that are older than 38 years old (458 months). The eight outlier ages may be associated with the eight outlier years of work experience among employees. 
Figure 1.3: Salary at the time of study (NSAL)


	Table 1.4 - Salary at the time of study (NSAL)

	n
	Min
	Q1
	Q2
	Q3
	Max
	Lower Limit
	Upper Limit
	IQR

	111
	7,260
	9,300
	11,040
	12,660
	32,000
	4,260
	17,700
	3,360



            According to our observation, the salary at the time of study is approximately normally distributed. We can see that only one outlier exists past the upper limit of the box and whisker plot. The minimum salary was $7,260, and the maximum salary was $17,700. So far, there does not seem to be a radical bias in salaries overall (men and woman included). If we try and compare the experience, age, and salary at the time of study, there does not seem to be a bias in terms of salary at the time of the study. 
	Table 1.5 - Education Relative Frequency

	High School Graduate
	Some College
	College Graduate

	66/111 = 59.46%
	37/111 = 33.33%
	8/111 = 7.21%



In regards to level of education, our team can observe that only 7.21% of employees graduated college. The majority of the men and women graduated high school, and finished some college. A note will be taken of this, and we will take our best attempt to conclude if the level of education has any link the distribution of income. It does not seem that education plays an important factor in the distribution of income because most of the employees in the sample were only high school graduates. Therefore it does not seem that income bias was based on education, otherwise the salaries at the time of the study wouldn’t have been normally distributed. 

Question 2: Relationship between gender and salary at the time of the study

Male:
(Refer to Appendix A; Table 2.1)

Confidence interval estimate = x̄± z (δ/√n), for a confidence interval of 95%; z = 1.96

There are 35 males in the sample. 
X̄ = SUM (x) / 35 = 13,092.23
δ = √ (SUM (x- x̄)2/(n-1))
δ = 3839.48
Confidence interval = 13,092.23 ± 1.96 (3839.48 / √35)
Confidence Interval of NSAL for male: [11,820.21; 14,364.25] 

Female:
(Refer to Appendix A; Table 2.2)

There are 76 female in the sample. 
x̄ = SUM (x) / 76 = 10,512.16
δ =√(SUM (x- x̄)2/(n-1))
δ = 1925.03
Confidence interval = 10,512.16±1.96 (1925.03/√76)
Confidence Interval of NSAL for female: [10,079.36; 10,944.96] 

Total Group: 
There are 111 employees in the sample. 
x̄ = SUM (x) / 111 = 11,325.69
δ =√(SUM (x- x̄)2/(n-1))
δ = 2921.19
Confidence interval = 11,325.69±1.96 (2921.19/√111)
Confidence Interval of NSAL for male: [10,782.25; 11,869.13] 


Question 3: Comparison between salaries for men and women
Figure 3.1

Figure 3.2




	Table 3.1
	Salary at the time of study (MEAN)
	Salary at the time of study 
(Standard Deviation)

	Male
	13,092.29
	3839.48

	Female
	10,512.16
	1925.03



As we can see from the values above, the salary of the women is much lower than the men’s. The women are making around 80% of what the men are making. Just by looking at the mean, we would assume that there is income discrimination but we need to look at the standard deviation to get a better picture. The men have a higher standard deviation, nearly twice as big as the woman, which shows that their income is more dispersed. This tells us that they can get much higher salaries than the women but that they can also get much lower. For the women, the fluctuation is less great but they still have lower salaries than the men. We can see that the 68% of the men will be between $9,252.8 and $16,931.77 while the women will vary between $8,587.13 and $12,473.19$. This shows us that even though the men vary more than the women, 68% of the men will still make more than their female counterpart and they will be able to achieve a higher salary than the women will ever be able to. 





Question 4: Relationship between the age and salary at the time of hiring

The available data support the belief that there is a relationship between the age at the time of hiring and the salary at the time of hiring. First, the correlation coefficient was used to see if there was a significant relationship between the two data sets, which was the age and the salary at the time of hiring. We used the correlation coefficient as it determines the relationship between two properties. Based on the correlation coefficient of the two data sets calculated with the help of Excel, the result was 0.512, which suggests that the two variables has a strong positive linear relation between the two variables since the value is situated between 0.5 and 0.8. Since the correlation coefficient didn’t fall between 0.8 and 1, we cannot say that there is a very strong relationship.
	Table 4.1

	Correlation Coefficient Between Age at the time of hiring (Age) 
And Salary at the time of hiring (SSAL)

	Correlation
Coefficient (r)
	0.511743288



To further support the moderately correlated claim, we also tested its signification.
Hypothesis: HO : p = 0 (no correlation)
HA : p  0 (correlation exists)
α (alpha) = 0.05
The calculated t-value is:
		  
Decision Rule: 
If , reject HO
If , reject HA
Otherwise, do not reject HO
Because 6.2187 > 1.982, reject HO

Based on the sample evidence, we conclude there is a moderate correlation between the age at the time of hiring (age) and the salary at the time of hiring (SSAL).
In addition, we also produced scatterplots of the two data sets. As we can see through the scatterplots below, as the age increases, the related salary doesn’t necessarily increase as it would if the relationship between the two variables was strong. Therefore, based on the scatterplots and the correlation coefficient result, the relationship between the age and the salary at the time of hiring is only moderate.
Figure 4.2
Figure 4.1


 


Question 5: Validity Test

This question aims to test the validity of the claim that no more than 50% of female employees had income below the average NSAL for the company as a whole – as management is claiming that female salaries are catching up to male salaries.

Average NSAL for the company as a whole = 11,325.69 if confidence level α=0.5
Since we have a sample size enough big (in this case, 111 in total and 76 female), we can say that µ for the company as a whole is x̄ for all employees (male and female). x̄=µ=11,325.69 
HO=  x ≤ 11,325.69 (claim)
HA= x >11,325.69

Decision rule:
 If Z < Z0.5, reject HO
If Z ≥ Z0.5, do not reject HO

Zα = Z0.5 = 0
x̄=10,512.16
Z= (x̄-µ) / (σ/√n) = (10,512.16-11,325.69) / (1925.03/√76)
Z= -3.68
Therefore, since Z < Z0.5, we will reject Ho. The company’s claim that no more than 50% of female employees had income below the average NSAL for the company as a whole is not true.

Question 6 : Conclusion and Recommendations

In the case of this company, there does not seem to be any exploitation based on age. We have determined this in question four by creating a scatter graph to record any correlation between age and salaries. We determined that there was not a correlation significant enough to cause alarm. 
We also used the correlation coefficient, which supported our beliefs that there does not exist any economic exploitation regarding the age. On the other hand, when looking at income discrimination based on gender, we determined that the company might have to face legal action taken against them. As the company mentioned, women do start off with a lower salary, however, we noticed they do not catch up to men’s salary as the company had claimed. We determined this in question five with the rejection of HO. The Ho set out to prove that no more than 50% of women’s wages were below the average NSAL for the entire company. In addition, when comparing the mean salary at the time of the study, and the standard deviation for men and women, we realised that the women were faced a disadvantage. One may notice this in question three; the graphs show that women’s salaries are lower than men’s by $2,580.13. The standard deviation of women’s wages is $1,925.03 whereas men’s is $3,839.48. This reveals that men’s wages fluctuate more than women’s. In other words, women’s salaries tend to stay within a difference, higher or lower of $1,925 whereas men’s wages can be higher or lower by $3,839. With this evidence, our management team can determine that there is economic exploitation when it comes to gender, however not when it comes to age.
In conclusion, we determined through thorough analysis that there is gender discrimination within the company. Women end up starting with lower salaries and do not have the privilege of making as much money as the men, regardless of how long they have worked for the company. The bias of experience in comparison to wage was the only discrimination found in our analysis. There does not appear to be any age or education discrimination. The company will have to change its policies when it comes to determining new employees’ starting salary and the raises one should receive without taking into consideration the gender. Employee salaries should be determined by the individual’s education background and experience, not by their gender.


Appendix A

	Table 2.1 : NSAL for Male

	Employee
	NSAL
	Employee
	NSAL

	2
	12480
	61
	12660

	4
	13920
	62
	11220

	10
	14460
	71
	12120

	13
	13560
	72
	12660

	14
	15120
	79
	13020

	15
	11760
	84
	10980

	22
	13260
	85
	12108

	23
	10980
	93
	15960

	27
	13416
	94
	32000

	30
	11100
	97
	10620

	34
	11940
	98
	16800

	36
	11340
	99
	17364

	38
	13560
	100
	10800

	41
	11040
	102
	13560

	45
	11520
	107
	15660

	46
	9300
	108
	9000

	52
	11940
	109
	10140

	53
	10860
	
	


	Table 2.2 : NSAL for Female

	Employee
	NSAL
	Employee
	NSAL
	Employee
	NSAL
	Employee
	NSAL

	1
	9000
	57
	11160
	29
	13020
	81
	9300

	3
	11760
	58
	14640
	31
	11100
	82
	13140

	5
	13020
	59
	15420
	32
	9240
	83
	13800

	6
	9240
	60
	9840
	33
	9060
	86
	9720

	7
	8340
	63
	9660
	35
	8700
	87
	12540

	8
	8160
	64
	9960
	37
	11760
	88
	14820

	9
	13320
	65
	9780
	39
	9180
	89
	8340

	11
	7860
	66
	9180
	40
	13800
	90
	8040

	12
	12600
	67
	11520
	42
	8160
	91
	9780

	16
	8880
	68
	7260
	43
	8280
	92
	13200

	17
	12120
	69
	11700
	44
	11400
	95
	9120

	18
	14220
	70
	12240
	47
	11400
	96
	8820

	19
	9060
	73
	8940
	48
	8520
	101
	11040

	20
	14280
	74
	10200
	49
	8640
	103
	11664

	21
	9360
	75
	9600
	50
	9360
	104
	10560

	24
	10920
	76
	10080
	51
	10200
	105
	11760

	25
	7860
	77
	9360
	54
	11280
	106
	9540

	26
	10560
	78
	9120
	55
	10680
	110
	8580

	28
	10440
	80
	9900
	56
	11160
	111
	9660
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