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Due Tues. Feb. 16
Sequence

Winter 1999
Ground Rules:  

· PUT YOUR NAME ON A SEPARATE TITLE PAGE ONLY.   

 [If you=re worried that I=ll lose it, then use your student number on each page.]

· Clearly label each question with the number. 

· You can use your notes or books, but you may not communicate with other people about this exam or the material covered by it. 

· Please show your work, otherwise you can't get credit for the steps you do correctly.  You=re welcome to use excel or another program for your calculations.

· More credit will be given for understanding the questions and setting up the solution correctly than for getting the right number.  

· Please be neat--you can't get credit if I can't read your answers.  

· Good luck!  









I.  The Washington State Legislature is interested in the relationship between financial aid and off-campus student work in the higher education system.  Some members are concerned that students may not be able to afford higher education, especially at research universities (e.g., UW and WSU)  and private four-year schools (e.g., Seattle U.).  Others are concerned that working off-campus may place too much pressure on students and hamper their learning process.

A recent study examined data from students at most of Washington=s institutions of higher education.  It compares results from community and technical colleges, research universities, comprehensive colleges (e..g, Central W.U., and Eastern W.U.), and private four-year institutions.  

I. A.  How many students work?   Table 10 shows the distribution of students across the possible combinations of off-campus work status and receipt of financial aid for each type of institution.  [Note that the percentages in each work/aid category add to 100% across each row.]   What percentage of students work off-campus at each institution?  What percentage of students receive financial aid at each type of institution?

I.B.  What is the relationship between financial aid receipt and work status? Among students who work, what proportion receive financial aid? [Show this for each institution and overall.] Among students who do not work, what proportion receive financial aid? [Show this for each institution and overall.] 

I.C.  How much of school costs are covered by work and financial aid?  Table 10b shows mean levels of costs and amounts of earnings (for workers) and financial aid (for aid recipients).  Use the data from this table and the Table 10 to calculate the average proportion of the total attendance costs for all students (not just workers or aid recipients) covered by earnings and by financial aid at each institution. [Note: These in sum with Aother@ sources should add up to the total budget (100%).]

I.D.  Write a short description of your results for the legislative committee (non-statistician). Be sure to include the specific numerical results, to add any caveats about the analysis, and to address the policy implications. 

Table 10a.  Winter Quarter 1997 Income Sources for Student by Type of Institution

Type of Institution
no aid/

no work
Aid only
work only
work and aid

Community and tech
11.9
15.6
46.6
25.9

Research
19.7
14.5
38.4
27.5

Comprehensive
15.8
18.3
35.9
30

Private Four-Year
14.8
23.7
19.9
41.6

TOTAL
14.8
16.1
41.4
27.7

Table 10b.  Winter Quarter 1997 Costs and Income Sources

Cost of Attendance
Average Earnings

for Workers
Average Financial Aid for Those Receiving Aid

Community and tech
$9,384
$5,986
$4,170

Research
$11,123
$2,442
$9,041

Comprehensive
$10,413
$1,971
$8,701

Private Four-Year
$21,982
$2,440
$14,209

II.  Suppose that you are a manager of the information desk at a library.  An outside consulting firm has told you that the amount of time required to serve a client has a distribution that is approximately normal with a mean of 5 minutes and a standard deviation of 2 minutes.  

II.A.  How many clients require very long or very short service times?  What proportion of clients require more than 8 minutes of service?  What proportion of clients require less than 2 minutes of service? 

II.B. How many clients can you serve?  If you have 1 desk that is open 6 hours per day, how many clients can you expect to serve?  What factors would affect the number of people served?

II.C.  How might service change with technology?  Suppose that there is a change in service (perhaps a new computer technology) that cuts the service time needed for each client in half.  What proportion of clients will require service of less than 1 minute? What proportion will need more than 8 minutes?

II.D.  Write a short description of your results. Be sure to include your specific numeric findings (carefully translated) as well as suggestions for additional information.  
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no aid/

no work
Aid only
work only
work and aid
total aid
total work
Pr(Aid|wrk)

P(Aid|

no wrk)

Community and tech
11.9
15.6
46.6
25.9
41.5
72.5
35.7

56.7

Research
19.7
14.5
38.4
27.5
42
65.9
41.7

42.5

Comprehensive
15.8
18.3
35.9
30
48.3
65.9
45.5

53.7

Private Four-Year
14.8
23.7
19.9
41.6
65.3
61.5
67.6

61.6

TOTAL
14.8
16.1
41.4
27.7
43.8
69.1
40.1

52.1


total aid
total work
Cost of Attendance
Average 

Earnings

for Workers
Average  Aid for  Receiving Aid
earn%
aid

%

Community and tech
41.5
72.5
$9,384
$5,986
$4,170
46.2
18.4

Research
42
65.9
$11,123
$2,442
$9,041
14.5
34.1

Comprehensive
48.3
65.9
$10,413
$1,971
$8,701
12.5
40.4

Private Four-Year
65.3
61.5
$21,982
$2,440
$14,209
6.8
42.2

TOTAL
43.8
69.1



??
??

I a.  We need Pr( work) = Pr(work and FA) + Pr( work only).  See ATotal Work@ column in first table.

   Pr(FA) = Pr( FA only) + Pr( work and FA).  See Atotal Aid@ column in table

Ib. Here we need Pr(FA|work)= Pr(FA and work)/ Pr (work) 
[See APr(Aid|work)@ column.]

Pr(FA|no work)= Pr(FA and no work)/Pr( no work)       [See PR(Aid|no work ) column.]

Ic. To get the proportion of costs covered by earnings, we can first get the average of earnings (including those with 0 earnings).  

Pr(no earnings)*0 +  Pr(earn)*avg earnings =   (For Community and tech) .725*5986 = $4339.85

Then take this as a proportion of the cost: avg earnings/Cost = (for comm) 4339.85/9384=.462

Note that this does not assume that those with FA and with out FA had the same average earnings.

Similarly, for financial aid: 

Pr(no FA)*0 + Pr(FA)*avg aid= (for comm) .415*4170= 1730.55 and as a % of costs that is 18.4 %

I d.   I=ve used a real-live student example for this question. [See next page.]

IIA  We need Pr(X>8) =Pr(Z>(8-5)/2)=Pr(Z>1.5)  

Look up 1.5 in Z table and get .9332 ; We need 1-.9332 or .0668.

or look up -1.5 and get .0668 
So , 6.7 percent of clients need more than 8 minutes.
For the short time clients we need Pr(X<2) =Pr(Z<(2-5)/2)=Pr(Z<-1.5)  

Look up -1.5 in Z table and get .0668.
  So about 6.7 percent of clients need less than 2 minute.
II.B.  If the desk is open 6 hours and the average client takes 5 minutes, then we can serve on average:

(6 hours)*(60 min/hours)/ 5 minutes =72 clients in a typical day.  The number of clients we can serve on any given day is a random variable with a distribution.  You can think of it as a random sample which depends on draws from the original distribution of service times. Note that all this assumes that clients will arrive in an even distribution or wait indefinitely to be served.  If clients bunch up and won=t wait indefinitely, then there may be slack times (with no clients) and busy times with a line.   We=d need a more complex model to further analyze this.  We could think up strategies for managing the flowBfor example some kind of triage system or substitutes for the information desk (e.g., Frequently Asked Questions resources). 

II.C. This is a linear function of our original random variable.  So Y (new distribution) has a distribution with mean 2 (5mins.) And standard deviation of 2 (2 mins.)Bnormal with mean 2.5 minutes and SD of 1 minute.  This will double the number of clients we can serve and result in many more short time clients. 

Pr(X<1)=Pr(Z<(1-2.5)/1)=Pr(Z<1.5)=.0668 So, 6.7 percent to clients will need 1 minute or less. 
Note that this is more than double (almost 3 times as many then before).  

Pr(X>8) =Pr(Z>(8-2.5)/1)=Pr(Z>5.5) <.0000003 So, almost none of the clients will need more than 8 minutes.

II.D.
Recent information from our consultant provides us with estimates of the current service times for our information desk clients.  This is one step in our analysis of client service and organization of work for the information desk.

Client service averages 5 minutes with only 6.7 percent of clients requiring more than 8 minutes.  A similar size group (6.7 percent) need fewer than 2 minutes of service.  Given this pattern of client needs, our information desk can serve 72 people in a typical day.  The number served day to day will fluctuate with client needs.  Also, uneven distribution of client demand over the day may create slack times (with no clients) and lines during busy times.  I recommend further study of the patterns of client demand by time of day, day of week, and seasons.  This information would allow us to tailor staffing patterns to best serve clients.  

The consultant has raised the possibility that a new computer technology might be able to halve the time required to serve clients and thereby double the number served.  This would increase the proportion served in under 1 minute from less than 3 percent to 7 percent and nearly eliminate the number of clients requiring over 8 minutes.  At this time, I think we need further study of the costs of this system and the levels of customer satisfaction with shorter service times.
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