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Abstract: This proposed research was basically to investigate the predicting ability of Holtwinters and Regression Analysis. The models 

obtained from the above methods are finally used to predict future occurrences.  In this research work, we have carried out demand’s predictions 
for Emergency, Road Traffic Accident and Domestic Accident cases recorded at Usmanu Danfodiyo University Teaching Hospital Sokoto from 
January, 2015 to December 2018. The methods uncovered characteristics of each of the three data sets in which all seems to be gradually 
decreasing through time. Forecast for the period of January, 2019 through to December, 2021 for each data set (Emergency, Domestic Accident 
and Road Accident) were obtained. The models highlighted the slight possible future decrease of the demand in the future months for all the 
three cases under investigations (Emergency, Road traffic and Domestic Accident) 
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A. Introduction 

This research concerns the accident and Emergency 

department of Usmanu Danfodiyo University Teaching 

Hospital Sokoto. The accident and emergency department in 

Usmanu Danfodiyo University teaching hospital Sokoto is 

charged with responsibilities of providing patients with urgent 
health care needs to ensure good quality of life to be saved 

through time. However, the Hospital is one of the best 

teaching hospitals in Nigeria situated in Sokoto providing 

health care services to more than 15 million people. The 

emergency departments of most hospitals operate 24 hours a 

day, 7 days of the week; 24 month of the year, although 

staffing levels may be varied in an attempt to reflect patient 

volume. Due to the unplanned nature of patient attendance, 

the department must provide initial treatment for a broad 

spectrum of illnesses and injuries, some of which may be life-

threatening and require immediate attention. In this research, 

we intend to employ traditional time series forecasting models 
that will accurately predict future demand for the A&E 

department at UDUTHS. The different model's ability will be 

tested and compared so as to uncover the model that predicts 

the future demand the best. The whole idea is to understand 

the future demand in advance for proper management of 

resources through time. 

Statement of the Problem and Justification: Hospitals play a 

crucial role in providing communities with essential medical 

care during times of disaster. The emergency department is 

the most vital component of hospitals' in-patient business. The 

admission in accident and emergency unit in our hospitals 
today is increasing as the population, these factors and many 

others contributed to the hardship experienced by the patients 

with emergency needs. This Project is intended to provide an 

insight into the extent of demand in Accident and Emergency 

Unit with a view to helping the managers to know the 

possible cases into the future to proactively plan well and 

meet up with the possible future challenges. This will help 

reduce the long waiting period in an accident and emergency 
unit (A&E), hence the suffering of the patients due to waiting 

time in a queue will also be minimized. When the future 

demand is established, then the manager can determine the 

actual resources needed for the service, in order for them to 

avoid Excess or shortage of resource distribution at any 

possible time. 

 

Aim and Objectives 

Predicting future demand accurately is critical to allow 

managers to plan appropriately and to know how many staff 

to employ at different times of the Day, Week and Month. 

The following are the main objectives of the research: 
a) To carry out demand predictions using appropriate 

model 

b) To compare the application of some statistical models in 

the healthcare delivery system. 

c) To fit the trend of Emergency, Road Traffic and 

Domestic accidents of the period under investigation 

 

B. Literature review 

Predicting future demand is critical to hospital managers 

which help to plan appropriately and to know how many staff 

to employ at different times of the day, week and month or 
even year. This research will provide a brief explanation of 

demand and prediction based on a research review conducted 
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mostly on prediction of demand in healthcare services. In a 

study carried out to predict demand for emergency department 

services, based on patients’ arrivals time, which served as 

“temporal, climatic, and patients factors, in the research the 

accuracy of the predicting models was investigated to 

ascertain if the assumptions of the models are met (Poisson 
process) in the process the model accuracy was compared 

using observed and predicted histograms of patients’ arrival 

data, as well as by the number of observed count failures 

within an interval of 50 and 90 percent prediction. The 

observed histogram of arrival data, was closest to the one 

predicted by a Poisson process and the demand was 

appropriately predicted by the models see (Norzam et al. 

2011). 

A study conducted using classification and forecasting daily 

patient arrivals into an accident and emergency department 

based on the previous data. The data of patient arrivals were 

categorized into two the “the walk-in and ambulance” and the 
two are summed up for the day. The four years data were used 

to fit “structural time series” (ST) model for each category 

and the models forecasted the “walk-in and ambulance” for 1-

7 days. The walk-in arrivals show a strong weekly seasonal 

variation with strong forecasting ability (r =0.6205) while as 

the model shows a weak predictive ability for an ambulance (r 

= 0.2951) clearly indicated the two are different and hence 

requires a different model to handle them (Au-Yeung et al., 

2009). A study carried out using exponential smoothing and 

Box-Jenkins models have shown that the exponential 

smoothing exhibited strong prediction ability confirming the 
time series models plays important role in predicting 

emergency department demand. Time series models give 

better forecasts than the regression models in situations where 

the data under observation have seasonality effects 

(Champion et al., 2007) [6]. A research to investigate the 

patients daily recorded in the emergency department reveal 

that, the daily demand for emergency department is best 

described by seasonal and weekly behaviors and multiple 

linear regressions is a good model to forecast daily patient 

admissions in the emergency department. However the 

regression based model that takes into account calendar 

variables gives more accurate information and better decision 
approach for forecasting daily admissions (Jones et al., 2008). 

Good forecasting models save a huge amount of energy and 

determine a better function of a system, therefore, it is 

essential to forecast with minimum error as to ensure demand 

and resources are utilized judiciously. A Box-Jenkins ARIMA 

Model is an essential forecasting model capable of providing 

a well-structured explanation of the characteristics of the data 

under investigation, which was why it was often being used in 

forecasting so many phenomena (Norizam et al., 2011) [11]. 

For business and economics small scale time series hourly 

network traffic data exhibits multiple seasonality behavior 
that is hourly-of-day, day-of-week and the month-of-year 

seasonal characteristics and was not unconnected to the 

cyclical behavior of the user vigorous action. The ARIMA 

time series model has the structure to incorporate double, 

multiple seasonal patterns adequately in addition to Taylor’s 

proposed double seasonal exponential smoothing which has 

no any requirements to be met. The advantage of double 

exponential smoothing over ARIMA model is the ability to 

handle large amount of time series data with minimum delay 

due to automatic statistical package it has while ARIMA has 

not, so requires more time (Au et al., Vile et al., 2012) [13]. 
Another research conducted to estimate staffing requirement 

in an emergency unit has highlighted the significant function 

of Singular Spectrum Analysis. The SSA split the observed 

time series data into a sum of explanatory components (trend, 

seasonality and error), no assumption needed to be met as per 

nonparametric model. The SSA performance was evaluated 

using mean square error standard this accorded the 
opportunity to check out the shortage of staffs more 

accurately than an excessive estimation of staffs, more over 

the result yielded by the method was considerably accurate 

hence the authors recommended the method to not only health 

care modeling but some areas like capacity models and traffic 

congestion model (Jonathan and Vince, 2012) [7]. In a study 

conducted to forecast hydrological time series revealed the 

ability of Singular Spectrum Analysis by providing 

description and clear characteristics of the hydrological 

univariate time series data as well as good forecast capability. 

The excellence of the trend adequate was evaluated near 

riches of bootstrap intervals. The results of the first five 
forecasts were considerably close to the last five data points 

of the trend components alongside maximal deviation of 

35.0mm and root mean square deviation of 21.3mm.Hence a 

Singular Spectrum Analysis is a reliable model (Marques et 

al. 2006).[10] The Holt’s linear forecasting method has no 

conditions required to be met by a time series data concerning 

correlation rules of the time series and hence capable of 

handling linear and nonlinear behavior present in a given data 

by simply employing different forecasting techniques and 

then bring forecasts together with the aim to increase the 

forecasting performance measure. Employing several 
forecasting techniques to handle a time series data under 

observation always yield more reliable result or forecast than 

just working on a model. This model has been widely used in 

areas such as business and environmental studies as it is quite 

simple, for more explanation (Santiago Maia and de Carvalho, 

2011) [12]. Singular Spectrum Analysis is a simple prediction 

technique with ability to reveal the actual characteristics and 

gives a clear understanding of the data under investigation, 

such as “trend and seasonality patterns” not only that but has 

no concern over parametric assumptions. However the 

selection of components to be included in SSA model need a 

clear understanding as “pure noise” generates a bit decrease in 
singular values. The SSA, ARIMA and Holt’s winter models’ 

prediction accuracy were compared using Root Mean Square 

Error in which SSA came out with the best prediction result 

(Vile et al., 2012) [13]. The Holts’ winter method is typically a 

time series method which decomposes time series data and 

has smoothing structure ability to best handle time series data 

with both trend and seasonality patterns. It is often used and 

simple as well. When employing Holts’ winter model, the 

smoothing parameters are kept at a minimum say 0.2 as this 

will allow proper evaluation of the method and in the long run 

this parameter may also be optimized for a given series under 
observation so as to come up with a possible minimum value 

for both MSE and MAPE. 

 

C. Materials and Methods 

The Holt winter’s methods will be employed and predicting 

abilities will be compared with the Simple exponential 

Smoothing in order to find out and see which one of them will 

provide a robust estimate of the future cases for the accident 

and emergency department in UDUTHS. 

The Holt’s winter’s methods split a time series data into many 

components considered as occurring at different time intervals 
categorized by four components: 
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a) Trend present of steady increase or decrease the 

movement over a long period in the time series data. 

b) Cycle simply means smooth fluctuation about the trend 

line. 

c) Seasonality means repeated pattern over time say hourly, 

daily, weekly, monthly or yearly. The assumptions of the 
model are that, changes in the time series data can be 

smoothed by either additive or multiplicative 

decomposition. 

 

The multiplicative decomposition model exhibit constant 

variation when there is an experience increase or decrease 

Seasonal behavior in the time series data. 

 
 

In practice the cycle component is negligible. The two 

techniques for decomposition are explained below: 

Regression-based methods are simply use of the simple linear 

regression model to fit the trend and typically picture out the 

long term increase or decrease in the data over time. 

 
 

The trend given by equation above is linear in nature, there 

are also quadratic and the Pth-order polynomial as well. The 

seasonal component can be computed taking into 

consideration value of each month or periodic function such 

as sine and cosine. 

The least square estimates of the parameters can also be 

computed by the used of standard regression techniques 

which assume that, the error is random, independent and 

identically distributed. If the regression coefficients are 
Significance at P < 0.05, then that very particular variable will 

be kept in used. This model is regarded as “global” model 

since it assumes the trend, seasonal behavior is similar all 

through time and each data point has equal Contribution to the 

estimate of the “fixed parameters”. 

The exponential smoothing technique explained in the Holt-

winter’s method used to tackle data which is trended or 

seasonal in nature. Mathematical equations carry along their 

sides’ user-choosing smoothing parameters α, β and Ỵ. 

Data of A&E on a monthly for a good five years (2015 to 

2018) will be considered for this study and analyzed using R 

software package.  

 

Data Analysis 

 

 
 

Figure 1: Actual Road Traffic Accident 

 
 

Figure:- 2  

 

 
 

Figure:-3 
 

 
 

Figure 4: Observed versus Predicted Emergency cases 
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Figure 5 
 

 
 

Figure 6 

 

Table 1: regression results on Emergency recorded cases 

Coefficientsa 
 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
T Sig. 

B Std. Error Beta 
  

1 
(Constant) 393.577 29.290  13.437 .000 

Period -.707 1.041 -.100 -.680 .000 

a. Dependent Variable: Emergency 

 

Table 2: regression results on Road Accident Coefficientsa 
 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
T Sig. 

B Std. Error Beta 
  

1 
(Constant) 193.845 11.779  16.457 .000 

Period -2.257 .418 -.622 -5.394 .000 

a. Dependent Variable: Road Accident 

 

 

 

 

Table 3: regression results for Domestics Accident 

Coefficientsa 
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 
(Constant) 44.301 4.128  10.732 .000 

Period -.051 .147 -.051 -.345 .000 

a. Dependent Variable: Domestic Accident 

 

D. Discussions Results 

Four years data on monthly basis were collected from 

Usmanu Danfodiyo University Teaching Hospital Sokoto, the 

data obtained were for Emergency, Domestic Accident and 

Road Traffic Accident. Time series analysis models were 
used to model the three various data sets and also used to 

predict their future occurrences (Emergency, Domestic 

Accident and Road Traffic accident).the prediction made was 

for the month of January, 2019 through to December, 

2021.the results based on the model obtained shows that the 

demand is slightly decreasing over time. 

HoltWinters forecasting method and regression analysis were 

employed to analyse the data. Two Models were created for 

each data set (Holtwinters and Regression). Forecast for the 

period of January, 2019 through to December, 2021 for each 

data set (Emergency, Domestic Accident and Road Accident) 

were obtained.  
The equation resulted from regressionin table 1 above shows 

that the coefficient for monthly Emergency is -0.707. The 

coefficient indicates that for every additional month of the 

year you can expect an Emergency decrease by an average of 

-0.707.  

The second equation from the results in table 2 above shows 

that the coefficient for month (period) is -2.257. The 

coefficient indicates that for every additional month in the 

future you can expect Road Accident to decrease by an 

average of -2.257. 

The third equation obtained from the results in table 3 above 
shows that the coefficient for month is -0.051. The coefficient 

indicates that every additional month in the future you can 

expect Domestic Accident to decrease by an average of -

0.051. 

 

E. Summary and Conclusion 

In this research work, we have carried out demand’s 

predictions for Emergency, Road Traffic Accident and 

Domestic Accident cases recorded at Usmanu Danfodiyo 

University Teaching Hospital Sokoto from January, 2015 to 

December 2019. The statistical models used are Holtwinters 

model and Linear Regression model. The methods uncovered 
characteristics of each of the three data sets in which all 

seems to be gradually decreasing through time. The models 

also highlighted the slight possible future decrease of the 

demand in the future months for all the three cases under 

investigations (Emergency, Road traffic and Domestic 

Accident).  
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