Mathematics L esson: Are Things Getting Better ?
A Data-AnalysisActivity

Concepts

¢ DaaAndyss—Sudentsorganize, disolay, and anayzedatain order tomakevaid
decisons, inferences, arguments, and predictions interpret, eva uate, and communicate
informeation obta ned from an authenti c sourceand communi cate reasoning used.

¢ Algebraand Patterns—Studentsexplore, represent, model , andlyze, and communicate
mathematica red world Stuationsinvolving patternsand functiond relaionshipswithand
without theuseof technol ogy.

o Trangdantwatingligs

e Needfor moredonors

Overview

Students analyze data on the number of deathsover a 10-year period for patientsonthe
heart-transplant waiting list by calculating and plotting theannual death rate. Studentsthen
usetheir graphsto further analyzethese datain order to answer questionsand predict
futuretrends.

| ngtructional Objectives
By completing the student packet, studentswill show an understanding of—

Materials

Black-line M aster
e Student Packet (4.14)

o line-of-begtfit.

e dopeandy-intercept.
e extrgpolaion.

I ntroduction

Thisactivity examinesdatathat show adeclining annual death rate over a10-year period
for patientson the heart-transplant waiting list. Studentswill analyzethe databy first
calculating the death rate per 1,000 Patient-Years, and then by plotting that death rate.
(Patient-Year isanumber that reflectsthe amount of timethat each patient actually spent
onthewaiting list. See notefollowing the death-rate equationin the Procedure sectionin
the Student Guide). Placing aline-of-best-fit allows studentsto determinethelinear
relationship between the numbers. Devel oping an equation for that line allows studentsto
extrapolate 5 yearsin thefutureand discusstheimplications. (Graphing ca culators may
beusedinthisactivity.)

NOTE: Students should
firstwork individually on
this problem and then be
allowed to work with a
partner to complete it.
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Answersto Questions 1-4

1-3a. Below aredatafor thetablethat studentswill complete, the completed graph with
the best-fit linethat they plot, and sampleanswersto questions studentswill answer.

Teacher Table 1
Deathson theHeart-Transplant Waiting List (1991-2000)

Year Patients  Patient- Deaths Death Rateper

Years 1,000 Patient-

Years

1991 5,401 1,955 790 404
1992 5,946 2,461 781 317
1993 6,288 2,788 763 274
1994 6,380 2,882 731 254
1995 6,971 3,211 772 240
1996 7,165 3,591 743 207
1997 7,291 3,769 782 207
1998 7,658 4,027 770 191
1999 7,540 4,187 714 171
2000 7,336 4,083 592 145

Data and commentary are from the 2001 Annual Report of the U.S. Organ Procurement
and Transplantation Network and the Scientific Registry of Transplant Recipients, U.S.
Department of Health and Human Services, Washington, DC

Teacher Table 2
Annual Death Rateon theHeart-Transplant Waiting L ist (1991-2000)
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3.b Develop an equation for the best-fit-lineusingy = mx + b.

Thisanswer will vary, but the best answer will ignorethefirst datapoint and be closeto

thefallowing: NOTE: Use of this

equation iscomplicated

by the fact that there is
no zero point. For it to
work, you must create a
year scale that begins
with zero (1991) and goes
up 1 year at atime ending
with 9 (2000). Thisdoes
not affect the y-axis.

y=-19.2x + 318

4a. Usethe equation you developed under 3b to predict the death rate in the year
2005. Be sure to use 14 for x in the equation.

y =-19.2x14 + 318
y =49.2

4b. Give three reasons why you think the death rate of patients on the heart-
transplant waiting list may be falling even though the number of patients on the list
isrising.*

A. Doctorsmay beableto keep alive more patientswho are awaiting atrans-
plant.

B. Theremay bemore donor heartsavailable each year.

C. A combination of thetwo.
* Accept al reasonable answers.
4c. Do you think that the death rate will ever fall to zero? Explain.

Itisunlikely that theratewill fall to zero.*

* Accept al reasonable answers.
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Math Lesson: Are Things Getting Better? Sudent Packet
Sudent Objective

e Prepareagraphtoandyzedata
e Usedgebratoandyzeheart-transplant waiting-list data.

Background
You need aheart transplant. You have been placed on awaiting list.

Therearetwo waysyou will beremoved fromthislist. Oneisgood news, one bad. If you arelucky, adonor will be
found, atransplant performed, and you areremoved from thelist. Now for the bad news. If adonor isnot foundin
timeand your condition worsens, you might die. Death whileonthewaiting list will, of course, removeyoufromthe
lig.

Every year, patientsare added and patientsare removed, but thewaiting list dmost always grows. Doesthat mean that
thingsare gettingworse, or better?Asastatitician, it’'syour job to figurethat out.

Procedure

Table 1 providesreal dataon the number of deathsthat have occurred on the heart-transplant waiting list from 1991-
2000. Thedataindicatearising number of patientson thewaiting list and asteady-to-falling number of deathsonthe
list. Thissoundsgood, butisit?And, if it’sgood, just how good isit?

Asadtatistician, you have decided to cal culate anew measure that will join together two of the raw measures. You
planto caculatethe death rate per 1,000 Patient-Years by using thefollowing equation:

Death Rate = Deaths x 1,000/Patient-Years*

For example: Inayear when waiting list deathstotal 800 and the number of Patient-
Yearsis 2000, what would be the Death Rate per 1,000 Patient-Years?

Death Rate = 800 x 1,000/2,000 = 800,000/2,000 = 400

* Patient-Year isanumber that refl ectsthe amount of timethat each patient actually spent onthe
waiting list. For example, patient A isonthelist for 6 months; patient B isonthelist for 3months;
and patient Cisonthelist for theentireyear. Patient A contributes 0.5 Patient-Yearsto the
calculation; patient B contributes 0.25 Patient-Years; and patient C contributes 1 Patient- Year.
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Sudent Packet

1. Complete Table 1 by calculating Death Rate per 1,000 Patient-Yearsfor each year from 1991-2000.

Tablel

Deathson theHeart Waiting List (1991-2000)

Year Patients  Patient- Deaths Death Rate per
Years 1,000 Patient-
Years

1991 5,401 1,955 790
1992 5,946 2,461 781
1993 6,288 2,788 763
1994 6,380 2,882 731
1995 6,971 3211 772
1996 7,165 3,591 743
1997 7,291 3,769 782
1998 7,658 4,027 770
1999 7,540 4,187 714
2000 7,336 4,083 592

2. Using thedatafrom your completed Table 1, plot the death-rate pointson thegrid provided for you. Give
the compl eted graph an appropriatetitle, and label the x-axisand y-axis.
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3. Useyour graphto completethefollowing steps:
a. Placealine-of-best-fit on the graph. (You should ignoreany single point that liesfar outside therest of thedata.)
b. Develop an equation for the best-fit lineusingy =mx + b.

4. Usethe space provided to answer thefollowing questions:
a. Usetheequation you developed under 3b to predict the death ratein the year 2005.

b. Givethreereasonswhy youthink the death rate of patients on the heart-transplant waiting list may befaling even
though the number of patientsonthelistisrising.

c¢. Doyouthink that thisdeath ratewill ever fall to zero? Explain.
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