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Objective: Design a statistical model to predict how the demand for nurses
will change over time in the next five years.
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Statement

® Problem
® Growing Nurse Shortage in USA
® Projecting The Future Growth
® Motivation

® | essened Quality of Patient Care.
® Overworking Nurses
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Forecast of Nurses Per 1000 and Nurse Demand Per 1000 (2023-2029)

Inconclusive Results

e ARIMA Prediction
® Real World Data

Forecast Type

Forecast
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Approach
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Approach

Approach

Data Collection

Supply and Demand Equations

Forecast Equations

® Compare Supply and Demand to find
surplus/deficit.
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Approach

Data We Analyzed (2012-2022)

State Year * NursesPer1000 ~ Population ¥ Over65_Percent * Median_Income ~ Median_.OOPC ~
Alabama 2018 27.02199 4887871 16.90822 49940 1350
Alabama 2019 27.00490 4903185 17.33235 56200 1950
Alabama 2020 25.82998 5031362 17.40229 54690 1400
Alabama 2021 25.74930 5049846 17.67747 56930 1550
Alabama 2022 25.19364 5074296 18.02680 59910 1300
Alaska 2018 19.26942 737438 11.80981 68730 1200
Alaska 2019 20.43620 731545 12.51980 78390 1500
Alaska 2020 21.65302 VEYAYE] 12.82809 74750 940
Alaska 2021 20.59435 734182 13.37516 81130

Alaska 2022 23.39204 733583 13.85133 89740

Arizona 2018 20.21433 7171646 17.51581 62280
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Correlations of Predictive Variabless
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Correlations of Predictive Variabless

Population and Economic Indicators

000 vs. Populati
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Correlations of Predictive Variabless

Supply and Demand Trends (5 Largest States)

‘Supply and Demand of Nurses Per 1000 by State and Year SurplusiDefiit of Nurses Per 1000 by State and Year

SupusiDetot
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Mathematics Concepts Utilized
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Mathematics Concepts Utilized

Demand Equation

¢ In(nurses per 1000 population;;) =
Bo+ 1 - In(median income per state;;_;) + (2 - In(median income per state;,_,) +
B3-In(median income per state;;_5)+[£4-1n(0O0PPCjt_2)+F5-In(%Pop65;;_5 )+ 1i+Eit

® 3 = coefficients [already found!]
® j=populationin states

® t=timeinyears

® 4. = vector of state fixed effects
e ¢, =disturbance term

Citation: (Scheffler & Arnold, 2019), (Juraschek, Zhang, Ranganathan, & Lin, 2019)
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Mathematics Concepts Utilized

Supply Equation

e Nurses per 1000 population = (8y + 51 * + + &) [general equation]

® ¢ =random disturbance term
® (3 =unknown parameters

® Future Prediction is National Data Only.

® NCLEX pass rates, Current Employment, Retirement data

Citation: (Scheffler & Arnold, 2019), (Juraschek, Zhang, Ranganathan, & Lin, 2019)
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Mathematics Concepts Utilized

Understanding ARIMA Models

e Tim e S e ri es D ata Forecsts rom ARMAZAAH020112]

® An ARIMA model is characterized by
3terms: p,d, q:

° p-(AR). W
o d-(l). : i M

° q- (MA). LY 7.

Example ARIMA Model
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Mathematics Concepts Utilized

demanddata

nurses_ts <- ts(demanddata$NursesPer1000, start = 2018, frequency = 1)
fit <- auto.arima(nurses_ts)
forecast_nurses <- forecast(fit, h = 7)

nursesd_ts <- ts(demanddata$nursepemandPerlO00, start = 2018, freguency = 1)
fit <- auto.arima(nursesd_ts)
forecast_nursesd <- forecast(fit, h = 7)

print(forecast_nurses)
print(forecast_nursesd)

Forecast Hi 95 Point Forecast Hi 95
23.80579 5 - c 24.0662 24.6047 . = e 24.94832
23.80579 5 - c 24.0662 24.6047 . = e 24.94832
23.80579 5 - c 24.0662 24.6047 a - c 24.94832
23.80579 5 - - 24.0662 24.6047 a - c 24.94832
23.80579 5 - - 24.0662 24.6047 a - c 24.94832
23.80579 5 - c 24.0662 24.6047 5 = e 24.94832
23.80579 5 - c 24.0662 24.6047 5 = e 24.94832
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Mathematics Concepts Utilized

Forecast of Nurses Per 1000 and Nurse Demand Per 1000 (2023-2029)

411_manual (values r 10 "Nurse & iwrses Per 1000
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Limitations
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Limitations

Real World Data

® Messy

Not Strongly Correlated

Sourcing Data
Reliable Data
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Nurses per 1000 vs. Median Income for All Years

13/23



Limitations

Other Limitations

® |egislations and Laws
® Personal Surveys
e COVID

>

.
, &
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Suggested Future Work
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Suggested Future Work

3D PCA Biplot
Principal Component Analysis (PCA) //
17 A
e 7
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Suggested Future Work

Markov Chain

1. What is Markov Chain
2. Basic Notation and the Process

® (X;); of total number of nurses at time (t).
3. Parameters

® p € [0,1] = rate of supply of nurses
® g € [0,1] = rate of demand of nurses
® Q€ N = total number of nurses (g-1 = nurses leave / g+1 = new nurse get certified)

4. Utilized package: markovchain
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Suggested Future Work

Markov Chain [Cont.]

e Likelihood function for a model: a
quantitative measure of model fit.

® Scenario: imaginary small district with
”Q” available nurses and ”X” available
positions in that district.
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Suggested Future Work

Model
® Model Parameters: (p,q,0) € (0,1) x (0,1) x N
e State X; € {0,...,0}: Total number of jobs available, where:

® xg is the number of available positions at the initial time, so that Xy = xq.
® Since there cannot be more working nurses than job openings, X; < Q.
® As the number of nurses is positive, X; > 0.
® Supply Y; € {0,1}: Represents supply of nurses at time t, where:
® V; follows a Bernoulli distribution with parameter p and g are mutually independent.
® Once Q nurses are reached, no additional nurses can be employed:
P(Y; = 1|X; = Q) = 0.
e Departure Z; € {0, 1}: Represents nurses leaving or staying, where:
e 7, follow Bernoulli distributions with parameter g and are independent.
® Once 0 nurses are reached, we need additional job openings: P(Z; = 1|X; = 0) = 0.

Florida Atlantic University, College of Science 18/23



Suggested Future Work

Model [cont.]

® As stated in the article:

Incoming nurses are mutually independent: Vt,t' e N, t =t = V; 1L Yy,

All nurses leaving are mutually independent: Vt,t e N, t =t = Z; Il Zy

Rates of flows are constant over time: Vt € N,P(Y; = 1) =pandP(Z; =1) = q.
Accounting for the total number of nurses at time t + 1 is done by adding the
number of new nurses and removing the number of nurses leaving at time t: Vt € N,
Xep1=Xe — Zt + Vs,
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Suggested Future Work

X():XO
VteN, ¢ Xeo1 =X — Ze + Vs
0<X: <0
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