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Executive Summary 
Every year, Ministry of Health and Welfare in Taiwan (MHW) decides the capacity of medical               
students to ensure each division includes enough doctors in the future. However, recent             
report indicates the huge shortage of doctors in five demanding divisions which leads to              
serious problem in hospital management . Deciding the capacity of medical students in            1

specific divisions is challenging for MHW. 

Fortunately, with the affordances of data forecast techniques and algorithms, more accurate            
forecasting methods could be used to offer a meaningful reference for decision making.             
Therefore, this report aims to provide Department of Medical Affairs of MHW with a              
reference to better distribute medical students capacity of 5 specific divisions (General            
Medicine, General Surgery, Pediatrics, Obstetrics and Gynecology, and Emergency Room).          
Using the yearly patient visits data from MHW and other external data (1998-2014), this              
study forecasts the future number of patient visits in 5 divisions. In particular, we forecast the                
three-year ahead yearly patient visits. Due to the nature of our data (with trend but no                
seasonality), we applied different forecasting methods such as naive, regression, moving           
average, and ensemble to forecast the models. By using performance evaluation measures            
MAPE (mean absolute percentage error) and RMSE (root-mean-square error), we identified           
the best model to each series. 

Our findings indicates a significant increase of GS (9.10 %) and PED (11.86 %) in 2017.                
Additionally, there are no significant changes in OB (0.85 %) and ER (-0.29%) compared to               
other series. Based on our findings, we recommend MHW consider allocating more doctors             
capacity in GE and PED in 2017-2018. However, although more demands are expected in              
PED in 2017, considering the decrease of birth rate, the MHW should carefully investigate              
the reasons behind the visits change to develop more comprehensive medical policies.            
Moreover, because forecast uncertainty of ER visits (ca. 10%) is higher than other series, we               
suggest MHW considers upper bound rather than lower bound to avoid doctor shortage.  

 
 
 
 

 

1 Zheng, Y. I. & Li, S. R. (2015). Doctor shortage in five demanding divisions: 500 
government-funded doctors re-open. Retrieved from 
http://udn.com/news/story/6886/1292392  
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Detailed Report 

Problem description 
Every year, Ministry of Health and Welfare in Taiwan (MHW) decides the capacity of medical               
students to ensure that each hospital division includes enough doctors in the future.             
However, a recent report indicates the huge shortage of doctors in five demanding divisions              
which may lead to serious problems in hospital management, such as work overload, doctor              
shortage, or low medial quality (Zheng & Li, 2015). In reality, deciding the capacity of               
medical students in specific divisions is challenging for MHW.  

 
Business goal: Provide a meaningful reference to better distribute medical students           
capacity of 5 specific divisions (GM, GS, PED, OB, and ER) for improving medical quality. 

● Client: Department of Medical Affairs (Ministry of Health and Welfare, MHW) 
● Stakeholders: Patients, doctors, medical schools and hospitals 
● Humanistic implication: Over-forecasting might waste financial resources because        

training a doctor costs a lot more than training other professions. Also,            
over-forecasting suppresses the capacity of other divisions. Other division might face           
doctor shortage. However, under-forecasting may lead to insufficient man-power,         
which is more serious than over-forecasting.  

● Opportunity: Time-series forecasting provides more precise and data-driven        
forecasts which helps decision making. 

● Challenges: MHW should also take other factors into account to make decisions.            
Patient visits forecast solely is not enough. 

 
Forecasting goal: Forecast the future number of patient visits in five major divisions for              
2017-2018 

: denotes the number of patient visits in 1998.Y t = 1  
: denotes the forecasted number of patient visits for year t .F t  

k  = 1, 2, ...4. This is a 4-step-ahead forecast.  2

 

 

Data description 
We collected the Yearly Medial Report (1998-2014) from Statistics Department of Ministry of 
Health and Welfare 
(http://www.mohw.gov.tw/CHT/DOS/Statistic.aspx?f_list_no=312&fod_list_no=1604). Our 
data of interest is the annual number of patient visits in GM, GS, OB, ER and PED.  

2 MHW requires the next (two) year forecast to decide the doctoral capacity. However, our               
data is only available until 2014, to generate forecast for year 2017-2018, we need to set our                 
forecast horizon to 4 years. In year 2016, we’ll focus on the forecast in 2017, which is a                  
3-year ahead forecast. 
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Figure 1.  Screenshot of yearly medical report (raw data) 

Data preparation 
The selected data of interest are from 17 reports and has been integrated into one data                
sheet of 5 series with 17 rows. We also include useful external data such as birth rate, death                  
rate, population, proportion of aged population, annual average expenditure each person,           
expenditure on disease prevention are combined into another data sheet.  

Figure 2.  The sample screenshot of 10 rows  Figure 3 . Time plot of 5 series  

 

Figure 4 . The sample screenshot of external data 

Forecasting solution 
Considering the nature of our data (series with trend but no seasonality), we applied the               
following methods to our data (see Figure 5): 
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Figure 5.  Methods applied to 5 series 

 
Additionally, we have tested autocorrelation in our series with ACF plots, in which we found               
autocorrelation only in PED but not in other series. Therefore, we applied ARIMA to PED               
only. External data series are selected based on correlation with each of our time series, and                
they are lagged before applying to the regression. 
 
To evaluate the performance of the methods, we used the roll-forward approach and             
compared the RMSE/ MAPE of overall, one-year, two-year, three-year and four-year ahead            
respectively in the validation period. We selected three best methods in each series,             
combined them with weighted ensemble approach, and then compared the ensemble           
performance with all other methods’. Finally, we found our best model for each series. Two               
models are reported for ER since one performs better in three-year ahead forecast and the               
other perform well overall. The selected best methods are listed in the table below: 
 
Table 1. Best method for each series 

GM GS OB ER ER2 PED 

Holt’s (ANN) Ensemble 
(Quadratic 
regression, 
Holt’s AAN, 
Regression with 
external data) 

Naive 
(Holt’s ANN, 
Naive, 
Regression with 
external data) 

Holt’s (ANN) Ensemble Holt’s (ANN) 

 
The performances of each method are shown in Appendix 1. 
 
Future forecasts are made using the selected methods (see Table 1). Table 2 shows the               
forecasting results for each series in year 2015-2018 and their 90% prediction interval in              
2017.  
 
Table  2.  The forecasted results of 2015-2018 and prediction interval of 2017  

 

Actual Forecast 2017 Prediction Interval 

2014 2015 2016 2017 2018 
90% Lower 

Bound 
90% Upper 

Bound 

GM 
10073651 10132464 10204426 10276387 10348349 10149397 10447575 

 0.58%* 1.30% 2.01% 2.73% 0.75% 3.71% 
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GS 
3514797 3630081 3730083 3834589 3943598 3760056 3889065 

 3.28% 6.13% 9.10% 12.20% 6.98% 10.65% 

OB 
3550746 3581080 3581080 3581080 3581080 3512857 3619477 

 0.85% 0.85% 0.85% 0.85% -1.07% 1.94% 

ER 
6498546 6479600 6479600 6479600 6479600 6093891 6791544 

 -0.29% -0.29% -0.29% -0.29% -6.23% 4.51% 

ER2 
6498546 6617002 6658869 6700736 6742603 6284950 6923678 

 1.82% 2.47% 3.11% 3.76% -3.29% 6.54% 

PED 
5650908 5997380 6159178 6320975 6482773 5993412 6514934 

 6.13% 8.99% 11.86% 14.72% 6.06% 15.29% 

*  Expected increasing rate: 10132464 (GM forecast for 2015) / 10073651 (GM actual value in 2014) = 0.58% 
 
To summarize the results, GS and PED are expected to grow by 9.10% and 11.86%               
respectively. On the other hand, there is no significant change in GM, OB and ER. 

Note .  The time plots of 5 series forecasting results of are shown in Appendix 2. 

Conclusion 
Our study employed different forecasting methods to forecast the future patient visits in             
2017-2018. After evaluating them with MAPE and RMSE, we found advanced exponential            
smoothing (Holt’s) and ensemble best fit our series. According to our forecasting results, our              
recommendations show as follows:  

1. Number of visits to General Surgery and Pediatrics are expected to increase            
significantly. MHW should consider allocating more doctors in these two divisions in            
the future.  

2. We should carefully investigate the reasons behind the visits change to develop more             
comprehensive medical policies. For example, PED is expected to increase          
significantly, it is probably because nowadays people have only one child, and            
therefore, parents pay too much attention to their child, even just in small syndrome.              
In such cases, MHW should not significantly increase the capacity of PED division.             
Rather, it should place more efforts on educating the parents. 

3. Forecast uncertainty of ER visits (ca. 10%) is higher than other series. We suggest              
MHW consider upper bound rather than lower bound to avoid doctor shortage. 

 

Limitation:  
Although this study offers data-driven findings as reference, two limitations should be            
pointed out. First, our business goal is to forecast patient visits for year 2017/ 2018, but due                 
to data lag, we have to forecast three/ four-year ahead instead. However, we found              
forecasting result using one-year ahead performs much better in three/four-year ahead. We            
recommend MHW release annual data as soon as possible for better performance.            
Additionally, our results are based on annual reports, which aggregated data from different             
data from monthly data all over Taiwan. Therefore, we suggest MHW provide higher             
frequency data such as area-specific and month-specific data for more detailed forecasts. 
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Appendix 1: Best methods and their performances 
 

Series GM GS OB ER ER2 PED 

Best 
Method 

Holt’s 
(ANN) 

Ensemble 
(Quadratic 
regression, 
Holt’s AAN, 
Regression 
with 
external 
data) 

Naive 
(Holt’s 
ANN, 
Naive, 
Regression 
with 
external 
data) 

Holt’s 
(ANN) 

Ensemble Holt’s 
(ANN) 

3-year ahead 
best method 
RMSE 

74000 58065 38144 23220 171383 34587 

3-year ahead 
Naive MAPE 

1.33% 3.72% 1.05% 2.32% 3.90% 

3-year ahead 
best method 
MAPE 

0.73% 0.75% 1.05% 3.08% 2.37% 0.61% 
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Appendix 2: Time plot of series with forecasts 
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