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U.S. Population Projection*, 1970-2020

(In Millions)
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U.S. Medical School Graduates
1970-71 to 2000-01

18v000 U.S. has produced fewer and fewer doctors each year
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Factors Affecting Physician Shortage

« The growth and aging of the population place a
high demand on health care.

« U.S. medical schools do not provide adequate
supply of physicians.

(COGME, 2005; Cooper et al, 2002; HRSA, 2006;
Salsberg and Grover, 2006)

U.S Population by Age Group, 1970-2000

20% of the U.S. population will be 65 and older ir2020(Mmurko ws ki, 2007)
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Physician-to-population Ratios

Source:*American Medical Association and** U.S. Census Bureau

Category 1970 1980 1990 2000 Remarks
Physician* 311,200 435,500 572,700 737,500 |** Needs to
% of PhysNotin | 10.20 8.7% 6.3% 6.0% be adjusted
patient care® based on
Physicians in 279,458 | 397,612 | 536,620 693,250 |factors 1-2.
patient care (See next

Population ** 203,211,926 226,545,805 248,709,873| 281,421,906 | slide for

Ratios* 1375 1755 215.8 246.3 | explanation

(Per 100,000)

Ratios 149.62 | 188.32 225.62 263.82 | * Involved

Benchmark 137.45 | 173.4° 220.09 247.0° '“dteacg'”g'

Female 25,401 54,284 104,194 195,537 admn
AN research

Physician (7.60%) | (11.61%) | (16.93%) | (24.03%)

(% of total)

acomputed by AMAP computed by DHHSS computed by BHP computed by GMENAC;

ecomputed by COGME; and * computed from the NatidPhgsician Workforc¢lOM, 1996)




Challenging Task to Predict
Physician-to-population Ratios
in 2010 and 2020
Consider these factors:
* Female physicians (balance professional and

personal needs) tend to work 18% fewer hours
than their male counterpartGource: AMA report)

» Percent of older physicians who will retire in
2010 and 2020 (65 and older = 18.6%; and 55-64
=16.3% in 2003) (Source: AAMC report)

Enrollment Expansion

The AAMC called for a 30% increase in medical
school enrollment by the year 2015 to offset
potential physician shortages nationwide.

(AAMC, 2006)

Forecasting Strategies

To construct grey forecasting models for the 20086
U.S. medical school applicants and matriculantstbgieity

To compare the prediction accuracy of the grey etodith
that of simple, Holt's, and Brown’s exponential sitiing
models

To compare the predicted percentage of increaseeitical
school enrollment in 2012 to the finding of theaiment
expansion plan released by the AAMC

To forecast medical school applicants and mataittslin
2015

Physician Shortage Statistics

The nation will encounter a deficit of 55,000 to
200,000 physicians relative to demand by 2020.
(COGME, 2005; Cooper et al, 2002; HRSA, 2006)

Only 9% of the U.S. physicians are practicing in
rural areas which cover 20% of the U.S. population
(Murkowski, 2007)

Only 7% to 10% of physicians are minorities

(Blacks, Latinos, and Native Americans) while

20% to 25 % of the U.S. population are minorities.
(Katz, 2001; Smedley, Butler, and Bristow, 2004)

Why Forecasting?

 Using an innovative method (gre?/ model) that
accurately forecasts the potential for shortages is
important to directin? the expansion of the natson’

medical school enroliment.

+ Forecasting is the basic ingredient for intelligen
planning and successful operation of any profit or
nonprofit organizationvabert, 1975).

MAPE ={ |[YOX(t) - "YO(0)] / YOt) | 100%} /1

Data Source / Software Used /
Prediction Accuracy

Snapshots of the 2003-2006 Applicant Matriculafe fFom the
AAMC Data Warehouse as of 10/27/2006

Mathcad 13.0; Microsoft Excel 2003; and SPSS Trelr&d®

Prediction accuracy is measured by the mean aespéucentage
error (MAPE).

where YOX(t) is actual value;
AY0)t) is forecast value;
tis a discrete time period (t=1, 2, ..., n); and
n is the number of data points




Grey Model

« The grey model has been widely used in many
fields such as economics, agriculture, engineering,
and health science disciplines

* The GM (1, 1) is the most frequently used grey
model that is described by the first-order
differential equation and a single variable varied
with discrete time periods.

(Deng, 1982)

Characteristics of Grey Model (1 of 2)

* Implements accumulated generating operation to
yield the dependence of data sequence (time serieg

Establishes the continuous response function
from discrete time series based on the first-order
differential equation.

» Applies commonly used least-squares method to
estimate parameters.

Characteristics of Grey Model (2 of 2)
Fits the exponential function to the data.

Performs reliable and accurate predictions.

Handles a short-term time series with a minimum
of four data points.

No statistical assumption is required.

Accumulated Generating Operation

(AGO)
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AGO

Using AGO to transform the original serie€¥f)
into a monotonically increased serie@)Y), i.e.,

using AGO to reduce a randomness of the original
series and generate a regular and predictablesserie

YA t) = (YO(1), YO(2), ..., Y)(n)), where
Y® (1) = YO(1);
YOU) = L, YO(m); and
t=2,3,...,n.

Inverse Accumulated Generating Operation
(IAGO)
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IAGO

Using IAGO to convert transitional serie§'{t) to the
original series YoX(t).

It may be written a¥ (t) = ;1Y O(m) + YO)t) or

Y@(t) = YO(t -1) + YOXt) or
YO(t) = YO(t) - YOt -1)fort=2, 3, ..., n,

Grey Model (10f5)
dy@(t) /dt + AYW(t) = U ... Whitening equation

YOXt) + AZM(t) = U ... Grey differential equation,
where YOX(t) is original series; and
Z(t) = (L2)[YO() + YO(t-1)] fort 2

(@ uy=(")*'Y,... Least-squares estimation for
A and U parameters
matrix contains two vectors of ¢Xt) and I;
I=(1,1, ..., 1); and Y= YO(2), YO(3), ..., YO(n)

Grey Model (20f5)
dYO(@)/dt = YO)/ t=YO(t) — YO (t-1), i.e.,

measuring ¥ change based on each unit of time
(t) change when the time change actually equals td

one (t=1)

The result of the first differencing for new series
Y@ should equal to the original serie€)Yi.e.,

YO(t) - YO(t-1) = YO1).

Grey Model (30f5)

The vectorZ(t) can also be written as
ZO) = YO() + (1- ) YO(t-1), where
the term is called the distribution coefficient.

The original grey model uses the fixed value

( =1/2) while the improved grey model uses the
adaptive (0 1), i.e., choosing for the
smallest forecasting error.

Grey Model (40f5)

The solution of the differential equations,
YO t) =-AZO() + U, yields

~YO)(t) = (YO(1) — u/a) etV + u/g where
t=2,3, ..., n;and the term e represents

the base of the natural logarithm (2.71828).

(Deng, 1982)

Grey Model (50f5)
Using the IAGO technique, i.e., 4(t) = AYW)(t) -
Y ()(t-1), to reverse to the primitive equations

AYO)(t) = AYA(E) — AY@(t-1) = {(YO(L) — u/a)ea D)
+ u/a} - {(YO(1) — u/a)e2 ()1 + y/a}
= (YO(1) — ufa) (1-€) e D)

AYO(t) = (YO(1) —u/a) (-8 et t=2,3,...,n,
where 2Y0)(1), AYO)(2), ..., AYO)X(n) are called the
GM (1, 1) fitted values and “¥(n+1), ~YO(n+2),...
are called the GM (1, 1) forecast values.




Results of Grey Models, 2003-2006: of 2)

Results of Grey Models, 2003-20062 of 2)

U.S. Medical School Matriculants

(A)= Actual; (F) = Forecast

U.S. Medical School Applicants  (A)= Actual; (F) = Forecast

Cohorts 2003 2004 2005 2006 MAPE
African | 2,808(A) | 2,893 (A) | 2,891 (A) | 2,961 (A)

American 2,891 (F) | 2,925 (F) | 2960 (F) | O4%

Asian| 6,642 (A) | 7,337 (A) | 7,938 (A) | 8,000 (A) 126%
7,368 (F) | 7,683 (F)| 8,013 (F)

Caucasian| 20,511 (A)| 21,057 (A) | 21,757 (A)| 22,673 (A) 0.19%
21,022 (F) | 21,816 (F)| 22,640 (F)

Hispanic| 2,490 (A) | 2,546 (A) | 2,674 (A) | 2,771 (A) 0.29%
2,552 (F) | 2,662 (F)| 2,776 (F)

Native| 310 (A) 357 (A) 355 (A) 306 (A) 2. 47%
American 357 (F) 332 (F) 309 (F)

Total U.S.| 34,791 (A)| 35,735 (A) | 37,373 (A)| 39,108 (A) 0.02%
35,725 (F) | 37,373 (F)| 39,097 (F)

Forecasting Benchmark (1 of 7)

« The grey models outperformed all exponential
smoothing models in student applicants and
matriculants.

Forecasting Benchmark (3 of 7)

U.S. Medical School Applicants

Most Accurate Smoothing Models:
Simple Holt's Brown's | Grey Models:
Exponential | Exponential | Exponential smallest MAPE within
Model Model Model each cohort
Cohorts | (parameters)| (parameters) | (parameters) (parameters)
Hispanic 2.62% 0.71% 0.97% 0.29% *
( =1.000) | ( =0.487; | ( =0.908) ( =0.5;a=-0.0421;
= 6.75E-06) u=2393.4836)
Native 7.76% 7.78% 8.29% 2.41% %
American | ( =0.212)| ( =0.200; | ( =0.228) ( =0.2;a=0.0723;
= 7.52E-06) u=392.4169)
Total U.S.| 2.87% 0.64% 0.53% 0.029% *
( =1.000) | ( =0.496; | ( =1.000) ( =0.5;a=-0.0451;
= 2.22E-06) u=33356.5854)

Cohorts 2003 2004 2005 2006 MAPE
African | 1,100(A) | 1,139 (A) | 1,119 (A) | 1,176 (A)

American 1134 (F) | 1152(®) | 11719 | 1207

Asian| 3,324 (A) | 3,369 (A) | 3,616 (A) | 3,546 (A) 1.64%
3,388 (F) | 3,473 (F) | 3,561 (F)

Caucasian| 10,234 (A)| 10,347 (A) | 10,269 (A)| 10,543 (A) 0.60%
10,335 (F) | 10,434 (F)| 10,533 (F)

Hispanic| 1,091 (A) | 1,175 (A) | 1,269 (A) | 1,283 (A) 1.46%
1,189 (F) | 1,241 (F) | 1,296 (F)

Native| 138 (A) 151 (A) 151 (A) 136 (A) o
American 151 (F) 144 (F) 137 (F) 1.83%
Total U.S.| 16,541 (A)| 16,648 (A) | 17,003 (A)| 17,370 (A) 0.01%

16,647 (F) | 17,004 (F)| 17,369 (F)
Forecasting Benchmark (2 of 7)
U.S. Medical School Applicants
Most Accurate Smoothing Models:
Simple Holt's Brown'’s Grey Models:
Exponential | Exponential | Exponential * smallest MAPE within
Model Model Model each cohort
Cohorts | (parameters)| (parameters) | (parameters) (parameters)
African 1.35% 0.61% 1.45% 0.43% "
American | ( =0.974)| ( =0.300; | ( =0.717)| ( =0.2;a=-0.0117;
= 2.83E-06) u=2841.2473)
Asian|  4.46% 2.43% 1.98% 1.26% *
( =1.000)| ( =0.400; | ( =1.000)| ( =0.7;a=-0.0420;
= 1.72E-05) u=6935.5041)
Caucasian|  2.46% 0.54% 0.42% 0.19%*
( =1.000)| ( =0.499; | ( =1.000)| ( =0.5;a=-0.0371;
= 7.46E-06) u=19874.7260)
Forecasting Benchmark (4 of 7)
U.S. Medical School Matriculants
Most Accurate Smoothing Models:
Simple Holt's Brown’s Grey Models:
Exponential | Exponential | Exponential * smallest MAPE within
Model Model Model each cohort
Cohorts | (parameters)| (parameters) | (parameters) (parameters)
African | 2.42% 1.40% 2.92% 1.20% *
American ( =0.320) ( =0.100; ( =0.539) ( =0.1;a=-0.0163;
=0.001) u=1106.4197)
Asian| 2.42% 1.84% 3.67% 1.64% *
( =0.883)| ( =0.300; | ( =0543) | ( =0.9;a=-0.0249;
= 1.02E-05) u=3263.4175)
Caucasian 0.99% 0.61% 1.13% 0.60% *
( =0.359)| ( =0.100; | ( =0.586) | ( =0.02;a=-0.0095;
= 2.90E-05) u=10189.3833)




Forecasting Benchmark (5 of 7)

U.S. Medical School Matriculants

Most Accurate Smoothing Models:
Simple Holt's Brown’s Grey Models:
Exponential | Exponential | Exponential * smallest MAPE within
Model Model Model each cohort
Cohorts | (parameters)| (parameters) | (parameters) (parameters)
Hispanic|  3.91% 1.70% 1.95% 1.46% *
( =1.000)| ( =0.401; | ( =0.972) | ( =0.5;a=-0.0430;
= 3.24E-05) u=1116.8462)
Native |  5.25% 5.26% 5.66% 1.83% *
American | ( =0.221)| ( =0.200; | ( =0.247) | ( =0.2;a=0.0500;
= 9.75E-06) u=161.9093)
Total U.S. 1.21% 0.45% 0.38% 0.01% *
( =1.000)| ( =0.399; | ( =1.000) | ( =0.5;a=-0.0212;
= 1.12E-05) u=16119.4290)

Forecasting Benchmark (7 of 7)

Planned / Percent Increase
Survey & Enrollment in Projected
} from Base Year
Forecast Results| Base Year** Enroliment in
to 2012
2012
All Medical
Schools from 16,488 19,296 17.0%
AAMC Survey
Grey Model 16,541 19,723* 19.2%

* Ay Oty = 16296.7315%>0212 (1)1 19723 for t = 10
**Base Year 2002 for AAMC Survey; Base Year 20031 for Grey Model

Major Findings

There have been decreases in student applicants

(2 of 3)

and matriculants for Native Americans.

The number of Caucasian matriculants has change

slightly. By using the model equation ®Xt)=

10237.8924 ©0095(-1) they would only be expected

to increase 12% by 2015.

o

Forecasting Benchmark (6 of 7)

There would be a 19.2% increase in medical
school enroliment, which was almost consistent
with the finding from the enrollment expansion
plan showing a 17.0% increase.

Major Findings (1 of 3)

Forecasts for Asian and Hispanic students
entering in 2015 are on pace to surpass the
AAMC'’s enroliment goal (30% increase).

African American matriculants would miss the
mark by 7%, which is reflected by the small
percentage of increase in African American

student applicants.

Major Findings (3 of 3)

The predicted percentage of increase in the total
U.S. medical school enrollment by 2015 would
fall short by 3%.




Forecast Values for 2015 (1 of 2)
U.S. Medical School Applicants

Actual Values

0 AY (0) (t) = Forecast
Yo Values in | % Increase
(1) —
in Base Year (Y1) - ufa) Year from 2003
Cohort 2003 (1-e?) a1 2015 to 2015

African 0117 (L
American 2,808 2857.3509"-0117 -1) | 3,288 17.1%

Asian 6,642 7065.0586°-0420 ¢-1) | 11,695 | 76.1%
Caucasian| 20,511 | 20257.569%€>0371 (-1)| 31,618 | 54.2%
Hispanic 2,490 2446.451870421 (-1) | 4,055 62.9%

Native 310 383.7075e70:0723 (t-1) 161 -48.1%
American

Total U.S. 34,791 34149.77100-0451(-1)| 58,672 68.6%

Forecast Values for 2015 (2 of 2)

U.S. Medical School Matriculants

Actual Values AY O () = Forecast
YO (1) o Values in | % Increase

in Base Year (Y1) - ufa) Year from 2003

Cohort 2003 (1-€?) galt-1) 2015 to 2015

African
American| 1,100 1115.235170163 (1) | 1,356 | 23.3%

Asian 3,324 3304.866520-0249 (t-1) | 4,456 34.1%
Caucasian| 10,234 | 10237.89242°-0095 (-1)] 11,474 12.1%
Hispanic 1,091 1139.09246"-0430 (1) | 1,908 74.9%

Native 138 158.9498g0-0500 (t-1) 87 -37.0%
American

Total US.| 16,541 | 16296.731%00212(-1) 21,018 | 27.1%

Conclusion/Implication

Currently, enrollment expansion efforts in all
medical schools are able to partially fulfill the
AAMC'’s enrollment goal.

Physician supply in medical education will not
totally offset physician shortages.

Nationwide physician shortages are likely to
occur beyond 2015.
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That's All Folks!!!




