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ADMZ2304-Winter 2017-Sections M-N-P-Q-R-S (45 points)
Assignment 4 Due Date: April 7, 2017

Instructions

1.

You may use Minitab or other software for any calculations. However, you must
show your manual calculations if requested. You may paste your output onto
your assignment to show your use of Minitab; however, this output does not replace
any of the steps outlined below. This means that answers that are exclusively
Minitab output may receive only one mark.

If you are performing a hypothesis test, make sure you state the hypotheses, the
level of significance, the rejection region, the test statistic (and/or p-value, if
requested), your decision (whether to reject or not to reject the null hypothesis), and
a conclusion in managerial terms that answers the question posed. These steps
must be completed in addition to any Minitab output.

Please remember to complete and include your signed statement of Academic
Integrity in your final report. Submit a PDF of your type-written solutions via
blackboard learn by the due-date indicated above.

Context for the Assignment

All questions relate to the analysis of a dataset (see file on BBL: ASSIGN4-Data.MTW)
originating from the Labour Force Survey conducted by Statistics Canada and which
include annual salaries of 530 managers by Age, Gender, Education, Province, Sector
and Industry. A respondent ID variable is also included.

Variable definitions

Quantitative variables (2):

» ANNUAL SALARY: dollars (January 2015 $Can)
» AGE: age of respondent (in years, rounded based on date of birth)

Categorical variables (5):

» GENDER: Female=0; Male=1;

» EDUCATION: No university graduation=0; University graduation=1;

» PROVINCE: Quebec=0; Ontario=1;

» SECTOR: Private=0; Public=1

> INDUSTRY": 08  Retail Trades
10 Finance, insurance and property management (Finance)
12 Business management and administration (Administration)
13 Education and Training
14 Health and Social
16 Hotels and Restaurant

18 Government

! Please note that this variable has been re-coded in the file using dummy variables with Industry 16 (Hotel
and Restauration) as the reference category.
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Qualitative variables with 2 levels
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Qualitative variable with 7 levels
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This is the reference class (x=0)
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Therefore, there are only 6 dummy variables


QUESTIONS

1. (10 points) Using Minitab or other software, run a simple linear regression model to

predict annual salaries of managers based on their age and answer the following

guestions:

@ a
@ b.
@ C.

d.

Using an appropriate graph, plot annual salary versus age and comment on
the relationship between these two variables;

Write down your estimation of the regression equation for predicting annual
salary from age. Draw the regression line on the plot in part (a);

Test whether age has statistically significant predictive power in estimating
the average salary. Assume a = 0.01. State the hypotheses, provide a test
statistic and p-value, and state your conclusion. (show your calculations);
Interpret the meaning of the regression coefficients (slope and intercept).

2. (7 points) Perform a multiple regression analysis of annual salaries (response

variable) against all the remaining variables as predictors (including the industry

dummy variables but excluding the ID variable).
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a. Write down the regression equation and provide at least two summary

measures of the fit of the model,

Examine and comment on the usual residual plots and how they fit the usual
model assumptions;

The variable Annual Salary_New corresponds to the Annual Salary variable
from which some values have been recoded as missing values. Identify those
missing values and explain what they are and why they were recoded as

missing.

3. (16 points) Perform the same multiple regression as in 2 above this time using the

Annual Salary_New variable as the response variable.

@a.

b.

®l

@c.

d.

=l

Briefly compare the two models in terms of the resulting regression equation
and fit;

Examine the residuals and report whether or not the model complies with the
usual assumptions of a multiple regression and why;

Do you see a justification to drop any variable from the model? Explain (hint:
multicollinearity; significance of predictors);

Run a final model using the Annual Salary_New variable as the response
variable and include only the significant predictors (hint: those with a p-value
< 5%);
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Simple regression model: Response variable is Annual Salary and predictor is age
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Model is in minitab under "Regression Equation"

It should be Annual Salary_hat!! (for it to be estimated)

Draw the regression line on the scatterplot from part a).
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Scatter plot is sufficient to fulfill the appropriate graph condition.
y= annual salary and x=age. Fairly linear but high variation in the younger age group but less variation in the older age group. (Salary increases with age)
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alpha =0.001

You are testing the coefficient.

In your coefficient section, you look at the t and p-value. Show calculations (show hypotheses, and how you calc. t-stat =Coefficient/SE Coefficient) and draw your conclusion, write your managerial statement.

Hyp test =
H_0: Beta =0
H_A: Beta =/= 0

d.f.=N-k-1 where k=1
=530-1-1
=528

t-alpha = 2.585 -->2.59

Use p-value approach (compare p-value and alpha)
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Salary will increase by 1091.1 for an increase in age. and make another statement about intercept 

BR
Sticky Note
Response: Annual Salary
Continuous Predictors: age, province, gender, education, sector, retail trades, finance, admin, education and training, health and social and government
Click ok:

The R marks residuals
The X mark significant values

Look at Annual Salary_hat model

Summary measure 1: R^2 or R^2 adjusted (40.46%). 40.46% of the variation of the annual salaries of the managers are explained by the model. About 60% is unexplained meaning the predictive ability is not very high.

Summary measure 2: Standard Error of the regression line (S, on minitab). There is a detailed description in the slides.
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The residual plot you can get from Minitab.

Fit Regression Model-> Graphs.... (4 in one)

Normal Probability Plot or Histogram: comment on normality. We can see it is fairly normal, there are VERY SLIGHT deviations at the top and bottom of the normal probability plot

Res. v. Predicted(fitted): Comment on equal variance condition. Look at whether or not it goes beyond -+3 in SD. These points are problematic (they are outliers)
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Annual Salary New: some values are missing.

Identify them and why are they missing??
A: Variables that are missing are not included in the regression model. In the firs and diagnostics table, look at the standardized residuals, look at the points that go beyond -+3 standard deviations and match them to their observation number. We take those values out of the model and rerun the model. 

Look at the model again and look at what values are missing (look at the data in minitab). If they have no salary value, then it means they were removed. Only 3 values were removed. 155, 191, and 297 were removed from New Annual Salary. They were removed because their SDs were too high. Look at the new graphs and see the difference.
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You basically compare the two models side by side. No significant change in the R^2.
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Multicollinearity and residuals. 
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There is one variable that are not significant (Administration). We can get rid of that variable because it is not significant. The VIF is not high, so Multicollinearity is not an issue. Yes, there is justification to drop Admin,
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don't include Admin


@ e. Test the overall significance of the final model (99% confidence level) and
comment (show your calculations);
@ f. Perform a hypothesis test for the coefficient of the Age variable at the 99%
confidence level (show your calculations);
4. (7 points) Based on your final model in 3 above:
a. Test the marginal contribution of the education variable (University degree or
@ not), assuming that other variables in the model remain constant. Use a 1%
significance level and show the ratio for calculating the t-statistics.
b. Assuming all other predictors would remain the same, what would be the
@ estimated difference in mean salary between managers with or without a
university degree? Calculate a confidence interval for the difference in mean
salary. Could you say that if more managers had degrees it would increase
the overall manager salary level?
5. (5 points) Again, based on your final model in 3 above:
a. Calculate a 99% prediction interval for the actual annual salary of a new
@ manager with the same characteristics as # 20853 in the data file (show how
the interval is calculated manually using the Minitab output results);
@ b. Check if it includes the actual salary value of # 20853; explain why it does or

does not.


BR
Sticky Note
Test the overall model (without admin.) and look at the F-stat. Regression is 37.95. There are 10 coefficients. 

All betas are equal
At least 1 beta_i is not equal to 0

F-stat = MSR/MSE =MS Regression/MS Error

d.f.=10 and 516

We need crit. value from table.
Compare with the calculated F or alpha.

The null will be rejected. Model is significant.
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Coefficient table:
Age variable row in the table.

t_(d.f.: n-k-1)

d.f.=527-11=516
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We are looking at dummy variables again.

Look at education variable.
Test education variable, the coefficient is 8126. Test the same way we tested age in 3f.
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Once again, look at education:
It is a dummy variable. 

If you replace Education with 1 or 0 in the model, you get a vertical shift in the model. 8126 is the marginal contribution of having a university degree.

Calculate means:
You are dealing with two models: managers with degrees and managers without degrees. 

(x1_bar - x2_bar)+-t*sqrt((s1^2/n1)+(s2^2/n2))

0.01 alpha

SECoeff=2498

(x1_bar-x2_bar)-+t*sqrt(2498^2+2498^2)
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y_hat +- t_alpha/2 *SE(y_hat)
SE(y_hat) = sqrt((SE(b1))^2*(x_symbol-x_bar)^2+(s^2_e/n)+s^2_e)

You can get the prediction interval for all observations and then extract the data you need (#20853).
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Check whether that salary will be in the  interval. You will find it is not because it is an outlier.




