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BIOSTATS 640 Intermediate Biostatistics 

Spring 2017 
Examination 1 

Units 1 and 2 – Review of Introductory Biostatistics & Regression and Correlation 
Due:  Monday February 27, 2017 

 
Before you begin: 
This is a “take-home” exam.  You are welcome to use any reference materials you wish.  You are 
welcome to use the computer as you wish, too. However, you MUST work this exam by yourself and you 
may not consult with anyone.  
 
Instructions and Checklist: 
     __1.  Start each problem on a new page. 
    __ 2.  Write your name on every page. 
   __  3.  Make a photo-copy of your exam for safekeeping prior to submission 
   __  4.  Complete the signature page 
   __  5.  Please DO NOT submit a copy of the exam questions!! I have them…. 
 
How to submit your exam (sorry – Faxed exams are NOT permitted): 
 
 
(1)  ONLINE Students 
Please be sure your name is somewhere on your submission.  Next, save it as a 
SINGLE FILE pdf using the naming convention lastname_exam1.pdf.   Email it to me 
at:   cbigelow@schoolph.umass.edu 
 
(2) Worcester Section. 
Please be sure your name is somewhere on your submission.  Next, save it as a 
SINGLE FILE pdf using the naming convention lastname_exam1.pdf.   Email it to me 
at:   cbigelow@schoolph.umass.edu 
 
 (3)  Amherst Section  
Please put your exam (stapled please) in my mailbox, located in the mail room on the 
4th floor of Arnold House.    If you are unable to come to Arnold House on Monday 
February 27, 2017, I will accept a pdf (see instructions for online students).  
  
(4) ALL 
I will also accept exams sent by U.S. Post.  Please mail with postmark no later than 
February 27, 2017 to: 
Carol Bigelow 
School of Public Health/402 Arnold House 
University of Massachusetts/Amherst 
715 North Pleasant Street 
Amherst, MA 01003-9304 
Tel.  413-545-1319. 
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Signature 
This is to confirm that in completing this exam, I worked independently and did not 
consult with anyone. 
 
Name:  ___________________________________________________________ 
 
Date:   ___________________________ 
 
 
 
 
 
 
 

Thank you!  
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1.  (10 points total)   
 
 
The following table is a summary of the distribution of age in the United States. 

 
Age interval Frequency (millions)  Age interval Frequency (millions) 

0-4 16.3  45-49 11.0 
5-9 6.4  50-54 11.7 

10-14 18.3  55-59 11.7 
15-19 21.2  60-64 10.1 
20-24 21.3  65-69 6.0 
25-29 22.3  70-74 6.8 
30-34 17.7  75-79 4.8 
35-39 24.3  80-84 2.9 
40-44 11.7  85 or older 2.2 

  
 

1a. (5 points)   
Estimate the value of the 10th percentile. 
 
 
 
1b.  (5 points) 
Estimate the value of the 90th percentile. 
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2.   (10 points, total) 
 
Suppose you have 95% confidence interval for the mean number of hours students study biostatistics 640 
in one week and it is (12.3, 15.4).   Indicate what is wrong (if anything) with each of the following 
interpretations of this confidence interval. 

 
 
 2a. (2 points) 
  We are 95% confident that the true average number of hours students spend studying  
  biostatistics 640 in one week is between 12.3 and 15.4 hours.  
 
 
 

 
                2b. (2 points) 
               We are 95% confident that the all students study biostatistics 640 between 12.3 and 15.4 hours 
                in one week.  
 
 
 

 
   2c. (2 points) 
   The probability is 0.95 that a student studies biostatistics 640 between 12.3 and 15.4 hours in  
   one week.  
 
 
 
 
   2d. (2 points) 
  The probability is 0.95 that the true mean, µ , is in this 95% confidence interval. 
 
 
 
 
 2e. (2 points) 
 We are 95% confident that the sample mean number of hours that students study biostatistics 
 640 is between 12.3 and 15.4 hours in one week.  
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3.   (10 points total) 
 

3a.   (1 point) 
Choose ONE:  Among females, the population mean on a political ideology scale is equal to 4.0.  
This statement is a 

 
(a)  Null hypothesis 
(b)  Alternative hypothesis 
 
 
3b.   (1 point) 
Choose ONE:  For males, the population proportion who support the death penalty is larger than 
0.50.  This statement is a  

 
(a)  null hypothesis 
(b)  alternative hypothesis 

 
 

3c.   (1 point) 
Choose ONE:  The diet has an effect, the population mean change in weight (follow-up minus 
baseline) being less than zero.   This statement is a 

 
(a)  null hypothesis 
(b)  alternative hypothesis 

 
 
The following pertain to questions #3d and #3e.  Is the ideal number of children equal to 2, or higher or 
lower than that?  For testing that the mean response from a recent survey equals 2.0 for the question, 
“What do you think is the ideal number of children to have?” the following output is obtained from a 
standard statistical software package: 
 
Test of mu = 2.0 vs not = 2.0 
Variable         N          mean       StDev      SE Mean         T      p 
Children         1302       2.490      0.850      0.0236         20.80   0.0000 
 
                                                      

3d.   (1 point) 
Report the test statistic value and show how its value was obtained from the other values reported 
in the table. 
 
3e.   (1 point) 
In 1-2 sentences at most, explain what the p-value represents and interpret its value. 
 
3f.   (1 point) 
In making a decision in a significance test, a researcher worries about rejecting the null hypothesis 
(HO) that is actually true.  In 1-2 sentences at most, explain how the researcher can control the 
probability of this type of error. 
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The following pertain to questions #3g and #3h.  Consider the analogy between making a decision about  
a null hypothesis in a statistical significance test and making a decision about the innocence or guilt of a 
defendant in a criminal trial. 
 
 

3g.   (1 point) 
In 1-2 sentences at most, explain the difference between Type I and Type II errors in the criminal 
trial setting. 
 

 
3h.   (1 point) 
In this context, in 1-2 sentences at most, explain intuitively why decreasing the chance of Type I 
error increases the chance of Type II error. 

 
 
 

3i.   (1 point) 
TRUE or FALSE:  A study about the change in weight on a new diet reports p-value=0.043 for 
testing HO:  µ = 0 against HA: µ ≠ 0.  If the authors had instead reported a 95% confidence 
interval for µ, then the interval would have contained 0. 
 

 
 

3j.   (1 point) 
TRUE or FALSE:  For a fixed significance level α, the probability of a Type II error increases 
when the sample size increases. 
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4.   (10 points total)   
 
For questions #4a, #4b, and #4c, state the null and alternative hypotheses.  Also, for each question, define 
the event parameter π . 
 

4a.  (2 points) 
In a particular town, the proportion of accidents per year that involve people talking on a cell 
phone is 0.40. A new ad campaign was conducted by the Highways Department to encourage 
people to pull over when they talk on the phone.  Does the proportion of accidents with cell 
phones decrease? 
 

 
 
4b.  (2 points) 
A student senator needs more than 2/3 of the votes in order to pass a ruling that increases student 
activity fee spending on non-fraternity or sorority events.  He takes a small sample to see if there 
is support for his bill.  Is there evidence to show that more than 2/3 of student senators may vote 
for this bill? 

 
 

4c.  (1 point) 
The proportion of male college students that binge drink is 0.5. Is it different for women? 
 

 
Question #4d asks you to carry out and interpret a statistical hypothesis test. 
 

4d.  (5 points) 
You would like to do a two-sided test to see if the proportion of Americans that voted in the 2016 
election is different from 50%.   You go to the General Social Survey (GSS) survey page to 
research the topic.  There you find that 1783 out of 2613 respondents said that they had voted in 
the 2016 election.  Conduct an appropriate hypothesis test to determine if the proportion of 
Americans that voted in the 2016 election is different from 050.  In reporting your answer, please 
provide: 
 
                  -  The null and alternative hypothesis (1 point) 
                  -  The name of the test statistic used and its formula (1 point) 
                  -  The value of the test statistic  (1 point)  
                  -  The achieved significance (the p-value) (1 point) 
                  -  Interpretation of your findings (1 point) 
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5.   (10 points, total) 
 
Suppose it is known that the distribution of gestation in days in healthy women is normal with 
parameters µ = 280 days and σ = 10 days. 
 
Now suppose you conduct research on gestation lengths in a population of women who have a particular 
condition.   Your data are comprised of a simple random sample, x1, x2, ….., x49 , of n=49 observations of 
gestation (days) from this distribution.  The following sample statistics have been calculated for you: 
 

Sample mean,  x = 258.75    
Sample standard deviation, s = 17.5   
 

Carry out the appropriate hypothesis test to assess if there is statistically significant evidence in this 
sample to suggest that this condition is associated with shorter gestation.   You may assume that the distribution 
of gestation in days among women with this particular condition women is also normal. 
 
In your answer, please indicate 
 
 
                 5a.  (2 points) 
                 The null and alternative hypotheses. 
 
 

                5b.  (2 points) 
                The test statistic formula and its value for these data.                                 
 
                 
                5c.  (3 points) 
               The achieved level of significance (p-value). 
 
 
 
               5d.  (3 points) 
               Interpretation of your findings. 
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6.  (15 points total) 
 
When you were an undergraduate, did you ever wonder if you could get a passing grade without ever 
attending class?  Below are the midterm and final exam scores for a course with n=31 students. 
 

midterm final  midterm final 
50 69  76 88 
66 85  90 98 
73 88  60 56 
84 70  89 87 
57 84  83 91 
83 78  81 86 
76 90  57 69 
95 97  71 75 
73 79  86 98 
78 95  82 70 
48 67  95 91 
53 60  42 48 
54 79  75 52 
79 79  54 44 
54 51  61 52 
65 73    

 
 
In the questions that follow, assume that the assumptions required for a simple linear regression analysis 
of these data are satisfied.  Consider X=midterm score as the predictor variable and Y=final score as the 
dependent variable. 
 
 
Here is the output from a fit of a simple linear regression model. 
 
 
  
     Source |       SS       df       MS              Number of obs =      31 
-------------+------------------------------           F(  1,    29) =   28.35 
       Model |  3757.42041     1  3757.42041           Prob > F      =  0.0000 
    Residual |  3843.99895    29  132.551688           R-squared     =  0.4943 
-------------+------------------------------           Adj R-squared =  0.4769 
       Total |  7601.41935    30  253.380645           Root MSE      =  11.513 

 
------------------------------------------------------------------------------ 
       final |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     midterm |   .7545754   .1417263     5.32   0.000     .4647126    1.044438 
       _cons |   22.46709   10.22358     2.20   0.036      1.55753    43.37665 
------------------------------------------------------------------------------ 
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6a.  (5 points) 
What is the correlation between the scores on the two exams? 

 
 
 
 

6b.  (5 points) 
Complete the following analysis of variance table. 
 
 

Source Sum of Squares DF Mean Square F-Ratio P 
Regression 
 

                

Residual 
 

     

 
 
 

 
6c.  (5 points) 
A passing grade is an average exam score of 75.  Using an appropriately defined 95% confidence 
interval, if a student received a score of 54 on the midterm, is it likely that he or she will pass the 
course? 
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7.   (5 points total) 
 
Joe’s Pizza House keeps monthly records of total revenue, amount spent on TV advertising, and amount 
spent on newspaper advertising.   
 
 

7a. (2 points) 
Specify notation and formulate a multiple regression equation for predicting monthly revenue. 
Be sure to define your terms!!! 

 
 
 
 
 

7b.  (3 points) 
Write down the appropriate expression for a statistical hypothesis test of the null hypothesis that 
TV advertising is not helpful for the prediction of total revenue, given newspaper advertising has  
already been considered.  Again, be sure to define all your terms!!               
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8.  (10 points total) 
 
Consider a normal theory multiple linear regression analysis that explored the relationship of measures of 
highway characteristics (X1, X2, …, X13)  on accidents per million vehicle miles (Y=RATE). 
 
Study variables are defined as follows. 

Variable Label Label/Definition 
Y RATE Outcome:  Accident Rate per million vehicle miles 
X1 LEN Length of segment (miles) 
X2 ADT Average daily traffic count in thousands (estimated) 
X3 TRKS Truck volume as percent of total volume 
X4 SLIM Speed limit (mph) 
X5 LWID Lane Width (feet) 
X6 SHLD Width of outer shoulder of road (feet) 
X7 ITG Number of freeway type interchanges per mile in segment 
X8 SIGS Number of signalized interchanges per mile in segment 
X9 ACPT Number of access points per mile in segment 
X10 LANE Number of lanes of traffic in both directions 
X11 FAI 0/1=yes indicator of road being a federal aid interstate 
X12 PA 0/1=yes indicator of road being a principal arterial highway 
X13 MA 0/1=yes indicator of road being a minor arterial highway 

 
 
The summary statistics for these data are as follows. 

Var Label n mean variance standard deviation minimum maximum 
Y RATE 39 3.933 3.944 1.986 1.610 9.23 
X1 LEN 39 12.88 57.91 7.610 2.960 40.09 
X2 ADT 39 19.62 346.4 18.61 1.000 73.00 
X3 TRKS 39 9.333 5.544 2.355 6.000 15.00 
X4 SLIM 39 55.00 34.21 5.849 40.00 70.00 
X5 LWID 39 11.95 0.2078 0.4559 10.00 13.00 
X6 SHLD 39 6.972 9.220 3.036 1.000 10.00 
X7 ITG 39 0.2964 0.1691 0.4112 0 1.54 
X8 SIGS 39 0.4005 0.4012 0.6334 0 2.510 
X9 ACPT 39 12.16 86.83 9.318 2.200 53.00 
X10 LANE 39 3.128 1.852 1.361 2.000 8.000 
X11 FAI 39 0.1282 0.1147 0.3387 0 1.000 
X12 PA 39 0.4872 0.2564 0.5064 0 1.000 
X13 MA 39 0.3333 0.2281 0.4776 0 1.000 
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A normal theory multiple regression model was fit to these data and yielded the following. 
 Predictor Estimate – 

β̂  

Standard error - 
ˆˆse(β) 

 
t-value 

 Intercept 13.7 6.87 1.99 
X1 LEN -0.065 0.033 -1.94 
X2 ADT -0.040 0.034 -0.12 
X3 TRKS -0.100 0.011 -0.87 
X4 SLIM -0.124 0.082 -1.52 
X5 LWID -0.134 0.598 -0.22 
X6 SHLD 0.014 0.162 0.09 
X7 ITG -0.475 1.28 -0.37 
X8 SIGS 0.713 0.525 1.36 
X9 ACPT 0.067 0.043 1.56 
X10 LANE 0.027 0.283 0.09 
X11 FAI 0.543 1.72 0.31 
X12 PA -1.01 1.11 -0.91 
X13 MA -0.548 0.976 -0.56 

1 2 13

2
Y|X ,X ,...,Xσ̂ = 1.44 

 
 
 

 
8a.  (2 points) 
Complete the analysis of variance table below.  (Hint – Do the row “Total, corrected” first) 

 
 

Source DF Sum of Squares Mean Square F-Ratio 
Regression 
 

    

Residual 
 

    

Total, corrected     
 
 
 
 
 

8b.  (2 points) 
 What proportion of the total variability in Y = RATE is explained by these 13 independent 
variables?  
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8c.  (2 points) 
A subset model was fit containing as predictors only LEN, SLIM, SIGS, and ACPT.  This yielded 
the following results. 

 
 Predictor Estimate – 

β̂  

Standard error - 
ˆˆse(β) 

 
t-value 

 Intercept 8.81 2.60 3.38 
X1 LEN -0.069 0.025 -2.72 
X4 SLIM -0.096 0.043 -2.26 
X8 SIGS 0.485 0.342 1.42 
X9 ACPT 0.089 0.028 3.17 

1 4 8 9

2
Y|X ,X ,X , Xσ̂  = 1.25 

 
 

How much additional variability, expressed as percent of total, in Y=RATE is explained by 
2 3 5 6 7 10 11, 12 13X , X , X , X , X , X , X  X , and X  as compared to what is explained by 

1 4 8 9X , X , X , and X ?    
 
 
 

8d.  (2 points) 
 
 Write down the necessary equations to carry out the appropriate hypothesis test to assess whether 
this increase in variance explained that you obtained in question #8c is statistically significant.  
What are the numerator and denominator degrees of freedom for this test? 

 
 
 
 

8e.  (2 points) 
 
The p-value for the hypothesis test in question #8d is .86.   Is the model with just 

1 4 8 9X , X , X , and X  as effective as the full model with all 13 independent variables?  Explain 
your answer. 
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9.   (10 points, total) 
 
A multiple predictor linear regression analysis utilizing a sample size of n=50 considered the 
relationship between Y = length of hospital stay in days and X = age in years.  A third variable that 
was of interest was Z = primary diagnosis.  Z is nominal and was coded as follows: 
 
                                  Z = 1 if primary diagnosis is coronary artery disease 
                                         2 if primary diagnosis is cancer 
                                         3 if primary diagnosis is diabetes 
                                         4 if primary diagnosis is anything else 

 
 
    9a. (2 points) 
    What is the equation for the multiple regression line that defines straight line relationships between 
    Y and X for each group defined by Z with possibly different intercepts and slopes?  Define all  
    terms. 
 
 
    9b. (2 points) 
    What is the equation for the multiple regression line that defines straight line relationships between 
    Y and X for each group defined by Z with possibly different intercepts but common slope?  Define all  
    terms. 
    
 
    9c. (3 points) 
    What is the equation for the partial F test statistic for the null hypothesis that Z is not an effect  
    modifier of the relationship between age and length of stay?  How many numerator and denominator 
    degrees of freedom does this test have?  
 
 
 

    9d. (3 points) 
    What is the equation for the partial F test statistic for the null hypothesis that the four straight lines 
    relating age and length of stay are coincident?  How many numerator and denominator degrees of  
   freedom does this test have? 
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10.   (10 points, total) 
 
It is known that both body mass index (BMI) and LDL cholesterol are risk factors for heart disease.  It is 
also appreciated that BMI and LDL might be interrelated themselves.  Consider a multiple linear 
regression analysis that is focused on the relationship of BMI as an important correlate of LDL.  Here, 
LDL is the outcome variable (Y) and BMI is the predictor variable of primary interest.    
 
Possible confounders of a BMI-LDL relationship include age, nonwhite ethnicity, smoking, and alcohol 
use (DRINKANY).  Consider the following two models. 
 
 Single Predictor Model 
 
  
     Source |       SS       df       MS              Number of obs =     2747 
-------------+------------------------------           F(  1,  2745) =   10.14 
       Model |  14446.0223     1  14446.0223           Prob > F      =  0.0015 
    Residual |  3910928.63  2745  1424.74631           R-squared     =  0.0037 
-------------+------------------------------           Adj R-squared =  0.0033 
       Total |  3925374.66  2746  1429.48822           Root MSE      =  37.746 

 
------------------------------------------------------------------------------ 
         LDL |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
         bmi |   .4151123   .1303648     3.18   0.001     .1594894   .6707353 
       _cons*|   133.1913     3.7939    35.11   0.000     125.7521   140.6305 
------------------------------------------------------------------------------ 

 
* Key:   “_cons” in the coefficients table refers to the intercept. 
 
Multiple Predictor Model 
 
  
     Source |       SS       df       MS              Number of obs =     2745 
-------------+------------------------------           F(  1,  2745) =    5.97 
       Model |  42279.1877     5  8455.83753           Prob > F      =  0.0000 
    Residual |   3881903.3  2739  1417.27028           R-squared     =  0.0108 
-------------+------------------------------           Adj R-squared =  0.0090 
       Total |  3924182.49  2744  1430.09566           Root MSE      =  37.647 

 
------------------------------------------------------------------------------ 
         LDL |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
         bmi |   .3591038   .1341047     2.68   0.007     .0961472   .6220605 
         age |  -.1897166   .1130776    -1.68   0.094    -.4114426   .0320095 
   nonwhite  |   5.219436   2.323673     2.25   0.025     .6631081   9.775764 
    smoking  |   4.750738   2.210391     2.15   0.032     .4165363    9.08494 
   drinkany  |  -2.722354   1.498854    -1.82   0.069    -5.661351   .2166444 
       _cons |   147.3153   9.256449    15.91   0.000     129.165   165.4656 
------------------------------------------------------------------------------ 

 
 
 
 
 
 
 
 
 



BIOSTATS 640 Exam 1 – Spring 2017                     Name ________________________________________________ 

Z:\bigelow\...\2017\...\BE640 Exam 1 2017.doc                                                                                                                                      Page 17 of 17 

 
10a.  (2 points) 
In unadjusted analysis, what is the estimated change in LDL per unit increase in BMI?    

 
 
 

10b.  (2 points) 
In unadjusted analysis what is the 95% confidence interval estimate of the change in LDL per unit 
increase in BMI? 

 
 
 

10c.  ( 2 points) 
Controlling for age, non-white ethnicity, smoking and alcohol, what is the estimated change in 
LDL per unit increase in BMI? 

 
 
 
10d.  (2 points) 
Controlling for age, non-white ethnicity, smoking and alcohol, what is the 95% confidence 
interval estimate of the change in LDL per unit increase in BMI? 

 
 
 
 

10e.  (2 points) 
Is the confounding of the BMI-LDL relationship by age, non-white ethnicity, smoking and alcohol 
an example of positive confounding or negative confounding?  Explain. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 


