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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
• Lessened Quality of Patient Care.
• Overworking Nurses
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Inconclusive Results

• ARIMA Prediction
• Real World Data
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Approach

• Data Collection
• Supply and Demand Equations
• Forecast Equations
• Compare Supply and Demand to find
surplus/deficit.
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Data We Analyzed (2012-2022)
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Population and Economic Indicators
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Supply and Demand Trends (5 Largest States)
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Demand Equation
• ln(nurses per 1000 populationit) =
β0+β1 · ln(median income per stateit−1)+β2 · ln(median income per stateit−4)+
β3·ln(median income per stateit−5)+β4·ln(OOPPCit−2)+β5·ln(%Pop65it−3)+µi+ξit

• β = coefficients [already found!]
• i = population in states
• t = time in years
• µc = vector of state fixed effects
• ξc = disturbance term

Citation: (Scheffler & Arnold, 2019), (Juraschek, Zhang, Ranganathan, & Lin, 2019)
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Supply Equation
• Nurses per 1000 population = (β0 + β1 * t + ξt) [general equation]

• ξt = random disturbance term
• β = unknown parameters

• Future Prediction is National Data Only.
• NCLEX pass rates, Current Employment, Retirement data

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

Florida Atlantic University, College of Science 9/23



Approach
Correlations of Predictive Variabless

Mathematics Concepts Utilized
Limitations

Suggested Future Work
Acknowledgments

References

Understanding ARIMA Models
• Time Series Data
• An ARIMA model is characterized by
3 terms: p, d, q:

• p - (AR).
• d - (I).
• q - (MA).

Example ARIMA Model
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Real World Data

• Messy
• Not Strongly Correlated
• Sourcing Data
• Reliable Data
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Other Limitations

• Legislations and Laws
• Personal Surveys
• COVID
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Principal Component Analysis (PCA)
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Markov Chain

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

• (Xt)t of total number of nurses at time (t).

3. Parameters
• p ∈ [0, 1] = rate of supply of nurses
• q ∈ [0, 1] = rate of demand of nurses
• Q ∈ N = total number of nurses (q-1 = nurses leave / q+1 = new nurse get certified)

4. Utilized package: markovchain
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Markov Chain [Cont.]

• 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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Model

• Model Parameters: (p,q,Q) ∈ (0, 1)× (0, 1)× N
• State Xt ∈ {0, . . . ,Q}: Total number of jobs available, where:

• x0 is the number of available positions at the initial time, so that X0 = x0.
• Since there cannot be more working nurses than job openings, Xt ≤ Q.
• As the number of nurses is positive, Xt ≥ 0.

• Supply Yt ∈ {0, 1}: Represents supply of nurses at time t, where:
• Yt follows a Bernoulli distribution with parameter p and q are mutually independent.
• Once Q nurses are reached, no additional nurses can be employed:

P(Yt = 1|Xt = Q) = 0.
• Departure Zt ∈ {0, 1}: Represents nurses leaving or staying, where:

• Zt follow Bernoulli distributions with parameter q and are independent.
• Once 0 nurses are reached, we need additional job openings: P(Zt = 1|Xt = 0) = 0.
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Model [cont.]

• As stated in the article:
• Incoming nurses are mutually independent: ∀t, t′ ∈ N, t = t′ ⇒ Yt ⊥⊥ Yt′ ,
• All nurses leaving are mutually independent: ∀t, t′ ∈ N, t = t′ ⇒ Zt ⊥⊥ Zt′
• Rates of flows are constant over time: ∀t ∈ N, P(Yt = 1) = p and P(Zt = 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: ∀t ∈ N,
Xt+1 = Xt − Zt + Yt.
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∀t ∈ N,


X0 = x0

Xt+1 = Xt − Zt + Yt
0 ≤ Xt ≤ Q
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