Introduction:

TechHealth is a workers’ compensation medical network that delivers ancillary health care to injured workers in 42 states in the US.  Ancillary health care is health care that does not involve a physician performing the health care.  TechHealth offers diagnostic imaging, physical therapy, and home health as its three core services.  Diagnostic imaging is a diagnostic procedure, which examines the body internally.  Diagnostic imaging can be separated into a three categories: radiological, magnetic resonance testing, and computerized tomography.  Magnetic resonance testing can further be broken down into three tests itself.  The first test a “basic scan”, which a “picture” is taken of the injured body part.  The second test is a “with contrast scan”, which in order to take the “picture” a contrast agent is added to the body part to enhance the image.  The third test is a “double scan”, it is simply a “basic scan” coupled with a “with contrast scan”.  Diagnostic imaging, specifically magnetic resonance scans are one of the largest utilized components in workers compensation.  In 1999, 9.3 million magnetic resonance scans were performed and in 2001, 13.5 million were performed.  Diagnostic imaging is TechHealth’s second largest revenue generator, behind physical therapy, bringing in just under $10 million dollars annually.  Of the three diagnostic imaging categories, magnetic resonance scans makes up 85% of the diagnostic imaging TechHealth performs.   TechHealth provides all three exams, but the “basic scan” represents 94% of TechHealth’s diagnostic imaging procedures.  With the “basic scan” being so significant to TechHealth, it is the focus of the forecasting project. 

Plan:

TechHealth has operated for about 5 years and has grown from offering its services in 5 states in 2001 to offering its services to 42 states across the country.  The amount of basic scans TechHealth has provided has grown from performing 1 a day to performing up to 135 scans per day.  The date range in which the data was captured was from February 12, 2001 to June 10, 2005.  TechHealth operates on 5-day business week, and our clients place referrals for magnetic resonance scan, in which they are scheduled and performed on the same day.  A handful of referrals occurred on a weekend day and those scans were attributed to the Friday prior to the weekend day.  The ability to accurately forecast magnetic resonance scans would allow TechHealth to strategically plan in respects to budgeting sales staff, marketing costs, and sales training.  As this forecast is on a macro-level (i.e. – national figures), and micro-level forecast would pinpoint sales volume by sales representative (the micro-level forecast is outside the spectrum of this report).  

Analysis:
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Figure 01. MRI Scans

The first step in my analysis was to graph the time series of magnetic resonance scans for visual identification.  I immediately saw a trend inside the series and a pattern of seasonality, yet more testing was needed.  I ran a linear, quadratic, and exponential trend analysis to see which model fit best.  Upon comparing the AIC and SIC to find the minimized values, it appeared the quadratic trend model fit best having an AIC of 7.018027 and an SIC of 7.080925.  Both of the AIC & SIC agreed between the three models presented.  The next test performed was a Box-Jenkins to test for autoregressiveness and a moving-average in the residuals.  After running the Box-Jenkins [image: image6.wmf]Eq.
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I compared the AIC and SIC values that each model returned.  The equation that gave the lowest SIC value was equation 20, which represented an ARMA (3,4).

Next I ran an Augmented Dickey & Fuller test on the series to see if a unit root existed.  The Dickey & Fuller test statistic was -7.522280 less than the critical value of -3.4162 at 5%.  The test statistic can be rejected at 5% meaning a unit root does not exist and the series is stationary.  I then ran a correlogram on the residuals of the 7 ARMA terms and white noise was found as no pattern arose and no testing level was outside the Bartlett bands.  The estimation equation of the quadratic ARMA (3,4) model was MRISCANS = C(1)*TIME + C(2)*TIME2 + C(3)*D1 + C(4)*D2 + C(5)*D3 + C(6)*D4 + C(7)*D5 + [AR(1)=C(8),AR(2)=C(9),AR(3)=C(10),MA(1)=C(11),MA(2)=C(12),MA(3)=C(13),MA(4)=C(14),BACKCAST=2/15/2001].

Next I ran a Chow Forecast test to test for the model’s stability.  The Chow forecast test estimates the model using a predicting method.  If a large difference arises between the values of the predicted and actual values, the model may be unstable.  Since this large difference did not occur, my model is stable.

Conclusion:
Finally after the analysis on the model was complete I ran an out-of-sample forecast to see how TechHealth would do.  A simple visualization reveals that the dispersion of band that surrounds the forecast line is rather wide.  The range from which TechHealth could perform magnetic resonance scans in the 2-week period of June 13, 2005 to June 24, 2005 varies from a low of around 12 to a high around 58.  This dispersion makes it difficult to forecast with solid accuracy where TechHealth will be in the upcoming weeks.  The solution to this is keep updating the model with daily figures and rerun the model.  With more data points, the more accurate the model becomes lessening the variance among the forecasted figures.

Sources:

Health Plans Combat Rising Diagnostic Imaging Costs. Elswick, Jill. Employee Benefit News v18 no11 pp 11, 14-15 Sep 1, 2004

Workers' Compensation in Florida: Administrative Inventory. Barth, Peter S. August 1999.

Workers Compensation Research Institute Website.  http://www.wcrinet.org
Tables & Graphs:

1.  Scans Time Series
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2.  Augmented Dickey-Fuller

	ADF Test Statistic
	-7.522280
	    1%   Critical Value*
	-3.9713

	
	
	    5%   Critical Value
	-3.4162

	
	
	    10% Critical Value
	-3.1301

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(SCANS)

	Method: Least Squares

	Sample(adjusted): 2/20/2001 6/10/2005

	Included observations: 1124 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	SCANS(-1)
	-0.330017
	0.043872
	-7.522280
	0.0000

	D(SCANS(-1))
	-0.412961
	0.046675
	-8.847514
	0.0000

	D(SCANS(-2))
	-0.374323
	0.044274
	-8.454745
	0.0000

	D(SCANS(-3))
	-0.359445
	0.040618
	-8.849442
	0.0000

	D(SCANS(-4))
	-0.306809
	0.036229
	-8.468633
	0.0000

	D(SCANS(-5))
	-0.070750
	0.029927
	-2.364052
	0.0182

	C
	1.220106
	0.507613
	2.403614
	0.0164

	@TREND(2/12/2001)
	0.014983
	0.002152
	6.963487
	0.0000

	R-squared
	0.389084
	    Mean dependent var
	0.035587

	Adjusted R-squared
	0.385252
	    S.D. dependent var
	10.40157

	S.E. of regression
	8.155441
	    Akaike info criterion
	7.042340

	Sum squared resid
	74226.52
	    Schwarz criterion
	7.078102

	Log likelihood
	-3949.795
	    F-statistic
	101.5378

	Durbin-Watson stat
	2.011993
	    Prob(F-statistic)
	0.000000


3. Quadratic Model Residuals
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Figure-07 MRI Scans: Quadratic Trend Residual Plot


4.  Box-Jenkins Output
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5. Quadratic Model Regression Output

	Dependent Variable: MRISCANS

	Method: Least Squares

	Sample(adjusted): 2/15/2001 5/27/2005

	Included observations: 1117 after adjusting endpoints

	Convergence achieved after 40 iterations

	Backcast: 2/09/2001 2/14/2001

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	TIME
	0.080961
	0.021887
	3.699009
	0.0002

	TIME2
	-2.89E-05
	1.67E-05
	-1.732859
	0.0834

	D1
	-6.932902
	6.317409
	-1.097428
	0.2727

	D2
	-3.700176
	6.317543
	-0.585699
	0.5582

	D3
	-3.904841
	6.315950
	-0.618251
	0.5365

	D4
	-3.803323
	6.316713
	-0.602105
	0.5472

	D5
	-6.111702
	6.316826
	-0.967527
	0.3335

	AR(1)
	-0.415077
	0.239457
	-1.733410
	0.0833

	AR(2)
	0.755706
	0.086614
	8.724971
	0.0000

	AR(3)
	0.617221
	0.220333
	2.801308
	0.0052

	MA(1)
	0.651792
	0.238089
	2.737600
	0.0063

	MA(2)
	-0.562486
	0.094139
	-5.975070
	0.0000

	MA(3)
	-0.684478
	0.207619
	-3.296796
	0.0010

	MA(4)
	-0.158047
	0.038628
	-4.091536
	0.0000

	
	
	
	
	

	R-squared
	0.791141
	    Mean dependent var
	29.01164

	Adjusted R-squared
	0.788679
	    S.D. dependent var
	17.47964

	S.E. of regression
	8.035327
	    Akaike info criterion
	7.018027

	Sum squared resid
	71216.83
	    Schwarz criterion
	7.080925

	Log likelihood
	-3905.568
	    Durbin-Watson stat
	2.014423

	
	
	
	
	

	Inverted AR Roots
	       .99
	  -.70 -.37i
	  -.70+.37i

	Inverted MA Roots
	       .93
	      -.35
	  -.62 -.32i
	  -.62+.32i

	
	
	
	
	


6. Quadratic Forecast
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7. Correlogram of Residuals
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8. Chow Test of Forecast

	Chow Forecast Test: Forecast from 5/27/2005 to 5/27/2005

	
	
	
	
	

	F-statistic
	2.435128
	    Probability
	0.118931

	Log likelihood ratio
	2.465625
	    Probability
	0.116361

	
	
	
	
	

	
	
	
	
	

	Test Equation:

	Dependent Variable: MRISCANS

	Method: Least Squares

	Sample: 2/15/2001 5/26/2005

	Included observations: 1116

	Convergence achieved after 42 iterations

	Backcast: 2/09/2001 2/14/2001

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	TIME
	0.079113
	0.021582
	3.665634
	0.0003

	TIME2
	-2.72E-05
	1.65E-05
	-1.647074
	0.0998

	D1
	-6.560995
	6.211568
	-1.056254
	0.2911

	D2
	-3.332297
	6.211702
	-0.536455
	0.5918

	D3
	-3.542285
	6.209966
	-0.570419
	0.5685

	D4
	-3.442312
	6.210643
	-0.554260
	0.5795

	D5
	-5.691271
	6.212340
	-0.916123
	0.3598

	AR(1)
	-0.400263
	0.242994
	-1.647211
	0.0998

	AR(2)
	0.747608
	0.090232
	8.285439
	0.0000

	AR(3)
	0.610567
	0.223965
	2.726173
	0.0065

	MA(1)
	0.638226
	0.241565
	2.642045
	0.0084

	MA(2)
	-0.556850
	0.097252
	-5.725863
	0.0000

	MA(3)
	-0.677634
	0.210675
	-3.216493
	0.0013

	MA(4)
	-0.158302
	0.039045
	-4.054319
	0.0001

	
	
	
	
	

	R-squared
	0.791562
	    Mean dependent var
	29.00448

	Adjusted R-squared
	0.789103
	    S.D. dependent var
	17.48584

	S.E. of regression
	8.030105
	    Akaike info criterion
	7.016738

	Sum squared resid
	71059.81
	    Schwarz criterion
	7.079681

	Log likelihood
	-3901.340
	    Durbin-Watson stat
	2.016463

	
	
	
	
	

	Inverted AR Roots
	       .99
	  -.69 -.37i
	  -.69+.37i

	Inverted MA Roots
	       .93
	      -.36
	  -.61 -.33i
	  -.61+.33i

	
	
	
	
	


9. Out of Sample Forecast: 6/13/2005 – 6/24/2005
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