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EXECUTIVE SUMMARY 

Purpose and method of this research 

The main problem under research was being number of people suffered by TB, it killed many 

people in the worldwide and as there was not an appropriate statistical model to deal with the 

issue.  The main objective of the study was to analyze them and if necessary formulate a 

regression model, using time series theory, in order to forecast the future infections, which 

would arrive in Rwandan Hospitals. 

In order to achieve the stated objective, time series data were collected at Kabutare hospital. The 

collected data were quarterly and there were recorded in the official documents of Kabutare 

Hospital in the service of data manager of the hospital. Data were processed and analyzed using 

SPSS version 16.0; they were presented in different tables. For more achieve the objective, first 

we have test the component lied in data. The test was run using the autocorrelation function and 

it was found that data were stationary. 

Findings and conclusions 

After reaching the above finding, we have constructed the statistical model which helps to 

predict the future number of TB patients in the hospital. We have made the predicted number of 

TB patient in that hospital for more find the different residuals for each observation. It was found 

that those residuals were not different from zero in all observed data.  

Finally we have just made conclusion for all Rwandan hospital and we have just made 

recommendations to people in charge of TB patient for more fight against TB disease. 
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CHAPTER ONE: GENERAL INTRODUCTION 

Tuberculosis is a highly contagious infection caused by the bacterium called Mycobacterium   

tuberculosis,   abbreviated TB. Diagnostic may be made skin test, which if positive should be 

followed by a chest X-ray to determine the status (active or dormant) of the infection. 

Tuberculosis is more common in people immune system problems, such as AIDS, than in the 

general population. Treatment of active tuberculosis is mandatory by law in the US, and should 

be available at no cost to the patient through the public health system. It involves a course of 

antibiotics and vitamins that lasts about six months. Most patients with tuberculosis do not need 

to be quarantined, but it is sometimes necessary. The World Health Organization, estimates that 

the toll of tuberculosis mounts annually to 3 million deaths and till 2020 the global burden of 

tuberculosis infections will reach to more than one billion (WHO, 2002). The same WHO adds 

by saying that surprisingly more than 80% of the disease burden comes from the poor resource 

countries where the rate of reemergence is faster due to poor TB control. Rwanda counts many 

Hospitals that receive TB patients; our concern in this study is to analyze the situation of the 

figures of TB patients over time. In fact using the real concrete data from a given hospital, we 

will establish, interpret the relationship between the numbers of received TB patients at different 

times.  In our case, due to our limited financial resources and time we will collect the data from 

the   Kabutare Hospital. 

We will use time series analysis to forecast the future distribution of TB cases. Time series 

analysis is a quantitative method used to determine patterns in data collected regularly over time. 

We project these patterns to estimate future values and cope with uncertainty about the future. 

  

1.1. OBJECTIVE OF THE STUDY 

Due to the fact that the tuberculosis are always received in this Hospital, this study aims to 

collect data and to analyze them and if necessary formulate a regression model, using time series 

theory, in order to forecast the future infections, which will arrive  in that hospital under 

consideration. 
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1.2. INTEREST OF THE STUDY 

The main interest of this research is to explain how time series model can help to forecast 

tuberculosis patients.  

1.3. RESEARCH HYPOTHESIS 

A hypothesis is a statement in testable form and predicts a particular relationship between two or 

more variables. It could also be defined as a tentative assumption made in order to draw out and 

test its logical or empirical consequences. In order to analyze and forecast the number of TB 

patients in that hospital, our research we will based on these hypotheses: 

1. HO: Our data set have trend component. 

Ha: Our data set do not have trend component. 

2. HO: Our data set have seasonal component. 

Ha: Our data set do not have seasonal component. 

3. Ho: Our data set are stationary 

Ha: Our data set are not stationary 

  

1.4. METHODOLOGY 

Methodology deals with the methods and principals of research process that are used in the study 

to gather the information, analyzing and interpreting it. It is overall approach to the research 

process. In addition; it serves as the rational for the research and the standards or criteria the 

researcher uses for interpreting data and reaching conclusion (FREUND W. et al 1988). This 

party intends to present and explain the methodology that will be used in order to fulfill the 

objectives of the research ,includes the research design, sources of data, analytical framework, 

area of the study, data collection instruments sample and sampling techniques, data processing, 

data analysis and the limitations of the research. On this note, the study will adopt a case study 

type of methodology. The researcher therefore will not use both quantitative and qualitative 

methods. The reasons for the case study approach include time constraint and limited resources. 
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We will use the secondary data from the selected hospital as case study. We will collect the data 

through the official document from that hospital and they will be analyzed using statistical 

packages (FREUND W. et al 1988). 

1.5. ORGANIZATION OF THE STUDY 

Our work will be composed by four chapters.  They descriptions are: 

 Chapter one will be named general introduction 

 Chapter two will be called literature review 

 Chapter three will be the presentation and analysis of the data & interpretation of the 

results. 

 Chapter four will be the conclusion and suggestions of the study. 
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CHAPTER TWO: LITERATURE REVIEW 

2.1. REGRESSION MODEL 

Regression analysis is a model that develops relationship between a dependent variable and one 

or more independent variables, which every component is supposed to numerical form. 

Regression model time series is used when the independent variable is time and the model focus 

on predicting the future values of dependent variable according to the time.   

2.2. FORECASTING WITH TIME SERIES 

A forecasting method is a procedure for computing forecasts from present and past values. 

Suppose we have any observed time series 
n 21 y .… ,y ,y  and wish forecast future values such as 

h +Ny . The integer h is called lead time or the forecasting horizon and the forecast of h +Ny  made 

at time N for h steps ahead will be denoted by  .yN(h)


). Forecasting method may be broadly 

classified into three types (ROBERT H. et al 2005): 

-Judgmental forecasts based on subjective judgment, intuition, commercial knowledge, and any 

other relevant information. 

-Univariate method  where the forecasts depends only on present and past values of the single 

series being forecasted, possibly augmented by a function of time such as a linear trend. 

-Multivariate method where forecasts of a given variable depend, at least partly, on values of one 

or more additional time series variables, called predictor or explanatory variables (FREUND W. 

et al 1988).  

2.3. TIME SERIES ANALYSIS 

A time series is a sequence of observations which are ordered in time (or space). If observations 

are made on some phenomenon throughout time, it is most sensible to display the data in the 

order in which they arose, particularly since successive observations will probably be dependent. 

Time series are best displayed in a scatter plot. The series value X is plotted on the vertical axis 

and time t on the horizontal axis. Time is called the independent variable (ALLEN W. et al 

1992). 
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Regression and correlation analyses are concerned with the linear relationship between two or 

more variables. Knowledge of the independent variable X is used to predict the dependent 

variable Y. in time series analysis the independent variable is time. The variable under study Y 

takes on different values over time. Thus any variable classified chronologically is a time series. 

The time periods may be years, quarters, months, weeks, and in some cases, days or hours. Time 

series are analyzed to discover past patterns of growth and change that can be used to predict 

future patterns and needs for business operations. Time series analysis does not provide the 

answer to what the future holds but, it is valuable in the forecasting process and helps to reduce 

errors in forecasts (FREUND W. et al 1988). 

2.3.1. OBJECTIVES OF TIME SERIES ANALYSIS 

The main objectives of time series analysis are: 

-Description: to the data using summary statistics and/ or graphical methods. A time plot of the 

data is particularly valuable. 

-Modeling: to find a suitable statistical model to describe the data generating process  

-Forecasting: to estimate the future values of the series. 

-Control: good forecasts enable the analysts to take action so as to control a given process, 

whether it is any industrial process, or an economy or whatever.  

2.3.2. DECOMPOSITION 

One approach to the analysis of time series data involves an attempt to identify the components 

that influence each of the periodic values in a series. This identification procedure is called 

decomposition. Each component is identified so that the time series can be projected into the 

future and used for both short run and long run forecasting (ALLEN W. et al 1992).  

There four components in time series: 

1. Trend variation 

2. Cyclical variation 

3. Seasonal variation 
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4. Irregular fluctuations  

 

2.3.3 TIME SERIES COMPONENTS MODELS 

The additive model: a model that treats the time series values as the sum components (ALLEN 

W. et al 1992).  

 t tttt  + C + S + T = Y  .  

The additive model works best when the time series has the same variability throughout the time 

series (all values fall within a band of constant width centered on the trend). 

The multiplicative model: a model that treats the time series values as the multiplicative 

components.  

Yt = Tt x St x Ct x εt 

The multiplicative model works best when the variability of the time series increases with the 

level (values spread out as the trend increases) (ROBERT H. et al 2005). 

2.3.3.1 TREND VARIATION 

The trend is the long-term component that underlies the growth (or decline) in a time series. The 

basic forces producing or affecting the trend of a series are population change, inflation, 

technological change and productivity increases. Trends are a long-term movement in a time 

series that can be described by a straight line or a curve. 

Before measuring the trend of a time series one must know the purpose for measuring it. 

Knowledge of the purpose guides the analyst in choice of method and the length of the time 

series to be used for the measurement. There are two basic purposes: to project the trend and to 

eliminate it from the original data (FREUND W. et al 1988). 

The method most widely used to describe straight line trends is called the least squares method. 

This approach computes the line that best fits a group of points mathematically in accordance 

with a stated criterion. The least squares method minimizes the sum of squared distance 
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measured in the vertical direction, from the data points to the trend line. The trend equation is 

(ALLEN W. et al 1992): 

 

 Yt = βo + β1t +et 

In this model, β1 represents the average change from one period to the next and is also known as 

the slope of the linear trend, β0 represents the amount of value that are not affected by the time, it 

is known as intercept of the linear trend and εt is the error term with the time (ROBERT H. et al 

2005). 

Upward or the downward of trend have different forms: 

 Linear : Yt= β0 + β1t + εt 

 Exponential: Yt = β0e
β

1
t
εt 

 Logistic: Yt = ﴾ β0/ (1+β1e
β

2
t
)﴿  εt 

 Compertz: Yt = (β0e
 β1

e
 β

2t) εt 

The frequently form is the linear form or exponential: 

Linear trend: The linear trend equation is the simplest. The coefficient β1 represents the average 

increase in Y per unit time. This increase is measured in absolute terms rather than in percentage 

terms. A linear trend equation should be used when there is no evident curvature in the plot of Yt. 

against t. 

Exponential trend: We use the exponential trend equation when the trend reflects a roughly 

constant percentage growth; e
β1eβ2

 is the percentage growth rate per time. While β0 is the value of 

the trend at time t equal zero (FREUND W. et al 1988). 

2.3.3.2. CYCLICAL COMPONENT 

The cyclical component is a series of irregular wavelike fluctuation or cycles of more than one 

year’s duration due to changing economic condition. It is the difference between the expected 

values of variable (trend) and the actual values-the residual deviation fluctuating around the 

trend. Cyclical and irregular components of time series are identified by eliminating or averaging 

out of the effects of the trend. Because these components constitute what remains after such 
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adjustments the method is referred to as the residual method. The specific steps included in the 

residual method depend on whether the analysis begins with monthly, quarterly, or annual time 

series data. If the data are monthly or quarterly, then the effects of both the trend and the season 

components have to be removed.  If the data are annual then only the effects of the trend 

component are removed. When annual data as the basis for the composition, no attempt is made 

to separate the cyclical and the irregular components.  

2.3.3.3. SEASONAL VARIATION 

Seasonal fluctuations are typically found in data classified quarterly, monthly, or weekly. 

Seasonal variation refers to a pattern of change that recurs regularly over time. The year 

movement is completed within the duration of a year and repeats itself year after. While the 

analysis of trend has implications for long-term managerial planning, the analysis of seasonal 

component of time series has more immediate short-term implications (FREUND W. et al 1988).  

The identification of the seasonal component in a time series differs from trend analysis in at 

least two ways: 

1. While the trend is determined directly from all available data, the seasonal component is 

determined by eliminating the other components so that only the seasonal component 

remains. 

2. While the trend is represented by one best fitting line, or equation, a separate seasonal 

value has to be computed for each month (or quarter) of the year, usually in the form of 

an index number. As was true for trend analysis, several methods for measuring seasonal 

variation have been developed; most of the seasonal index computations now used are 

variations of the ratio-to-moving-average method.   

Seasonal trend 

Once the seasonal component has been identified, the next step is to compute a seasonal trend 

equation (monthly or quarterly trend equation).As trend was defined as decline in a time series. 

For this reason, the trend of monthly, quarterly series is consistent with its long-term growth or 

decline. The trend for seasonal data can be computed using one of the following approaches 

(ALLEN W. et al 1992): 
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1. If long-term data are not available the seasonal trend must be computed from seasonal 

data. 

2. If the trend for the seasonal data appears to be similar to the long-term growth described 

by the long-term trend equation, the seasonal trend can be computed from the seasonal 

data. 

3. If monthly or quarterly data are available for the entire annual series (all 8 to 25 years), 

the seasonal trend equation can be computed using all these values. 

4. If the long term trend equation has already been computed, it can be mathematically 

converted to a seasonal trend equation and used with the available seasonal data. 

2.3.3.4. IRREGULAR COMPONENT 

The irregular component is composed of fluctuations that are caused by unpredictable or non 

periodic events such as weather changes, strikes, and rumors of wars, elections, and passage of 

legislative bills (FREUND W. et al 1988). 

2.4. CLASSIFICATION OF TIME SERIES 

There two main classes of time series: 

Stationary time series: is one whose statistical properties such as mean, variance, 

autocorrelation, etc. are all constant over time. Most statistical forecasting methods are based on 

the assumption that the time series can be rendered approximately stationary (i.e., 

"stationarized") through the use of mathematical transformations. A stationarized series is 

relatively easy to predict: you simply predict that its statistical properties will be the same in the 

future as they have been in the past. A time series is said to be weekly stationary if (ALLEN W. 

et al 1992): 

1. E(Xt) = E(Xt+k) =  m (constant) 

2. V (Xt) = σ
2
 (constant) 

3. Cov (Xt, Xt+h) = ɤ(h)      for every t ≠ h 

Non-stationary time series: a series is said to be (weekly or covariance) stationary if the mean 

and auto-covariance of the series do not depend on time. Any series that is not stationary is said 

to be non-stationary. 
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Most non-stationary time series that arise in practice can be transformed into stationary time 

series through relatively simple operations. 

2.5. DESCRIBING THE DYNAMICS OF A TIME SERIES 

• Moving Average (MA) processes 

• Autoregressive (AR) processes 

• Autoregressive / Moving Average (ARMA) processes 

• Autoregressive integrated moving average 

2.5.1. MOVING AVERAGE PROCESS FOR ORDER ONE 

The simplest example of any moving average process is the first order case, denoted MA (1), 

given by   

Yt = µ + εt + θεt-1 

It can be shown that this process is stationary for all values of θ with any autocorrelation function 

given by   

                                                        ρk =  

1 for k = 0
θ

 1+ θ2 
 for k = 1

0 for k > 1

                                                       

2.5.2. MOVING AVERAGE PROCESS OF HIGHER ORDER 

A time series {Yt} is said to be a moving average process of order q (abbreviated MA (q) if it is a 

weighted linear sum of the last q random shocks so that  

Yt=µ + εt + θ1εt-1 + θ2εt-2…+ θq εt-q 

Where εt denote a purely random process with zero mean and constant variance σ
2

 ε 

This formula may alternatively be written in the form Yt = θ (L) εt 
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2.5.2.1 AUTOREGRESSIVE PROCESS OF ORDER ONE  

The simplest example of any autoregressive process is the first order case, denoted by AR (1), 

given by  

Yt =c + ɸYt-1 + εt 

Clearly, if ɸ = 1 then the model reduces to a random walk, if │ɸ│> 1 is intuitively obvious that 

the series will be explosive and hence non- stationary. However, if │ɸ│˂ 1 then it can be shown 

that the process is stationary (ROBERT H. et al 2005). 

2.5.2.2. AUTOREGRESSIVE PROCESS OF HIGHER ORDER 

A time series Yt is said to be any autoregressive process of order p (abbreviated AR (p)) if it is 

weighted linear sum of the past p values plus a random shock so that 

     Yt =ɸ1Yt-1 + ɸ2Yt-2 +…+ ɸp Yt-p + εt   

Where εt is a purely random process with zero mean and variance σ
2 

ε. 

Using the backward shift operator L, such that LYt = Yt-1 the AR (p) model may be written more 

succinctly in the form ɸ (L)Yt = εt  

Where ɸ (L) = 1- ɸ1 L - ɸ2L
2 
-…- ɸpL

p
 is a polynomial in L of order p.

  
 

• Stationarity:  We will assume that the roots lie outside the unit circle when 

1- ɸ1 L - ɸ2L
2 
-…- ɸpL

p  
= 0 

2.5.3. MIXED AUTOREGRESSIVE MOVING AVERAGE PROCESS 

A mixed autoregressive moving average model with p autoregressive terms and q moving 

average terms is abbreviated ARMA (p,q) and may be written as  

ɸ (L) Yt = θ (L) εt 

ɸ (L) and θ (L) are polynomial in L of finite order p and q respectively. This equation has a 

unique causal stationary solution provided that the roots of ɸ (L) = 0 lie outside the unity circle. 

The process is invertible provided that the roots of θ (L) = 0 lie outside the unity circle.  
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2.5.4. AUTOREGRESSIVE INTEGRATED MOVING AVERAGE  

We now reach the more general class of models; in practice many time series are non-stationary 

and so we can not apply stationary AR, MA or ARMA process directly. One possible way of 

handling non-stationary series is to apply differencing so as to make them stationary. The first 

differences, namely      (Yt –Yt-1) = (1-L) Yt, may themselves be differenced to give second 

differences, and so on. If the original data series is differenced d times before fitting an ARMA 

(p,q) process ,then the model for the original indifference series is said to be an ARIMA(p,d,q) 

process where the letter ‘I’ in the acronym stands for integrated and d denotes the number of 

differences taken.  

2.6. ESTIMATED AUTOCORRELATION FUNCTION 

An estimated autocorrelation coefficient (ρk) is not fundamentally different from any other 

sample correlation coefficient. It measures direction and strength of the statistical relationship 

between ordered pairs of observation on two random variables. It is a dimensionless number that 

can take on values only between -1 and +1. A value of -1 means perfect negative correlation and 

a value of +1 means perfect positive correlation. If ρk = 0, then yt+k and yt are not correlated at all 

in the available data. The standard formula for calculating the autocorrelation coefficient is 

(ALLEN W. et al 1992) 

ρk = 
  Yt−Ӯ (Yt +k−Ӯ)n−k

t=1

 ( yt – ӯ)2n
t=1

 

2.7. ESTIMATED PARTIAL AUTOCORRELATION FUNCTION 

An estimated partial autocorrelation function is broadly similar to any estimated autocorrelation 

ACF. An estimated partial autocorrelation function is also graphical representation of the 

statistical relationship between set of ordered pairs (yt- ӯ) and (yt+k – ӯ) drawn from a single time 

series. The estimated PACF is used as a guide, along with the estimated ACF, in choosing one or 

more ARIMA models that might fit the available data. 

There is slightly less accurate though computationally easier to estimate the Фkk coefficients. It 

involves using the previously calculated autocorrelation coefficient (ρk). As long as data is 
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stationary the following set of recursive equation gives fairly good estimates of the partial 

autocorrelation: 

ɸ 11 = ρ1 

ɸ kk = rk  – 
 ɸ k−1k−1

j=1 j  rk−j

1− ɸ k−1,k−1
j=1 j rj

          ( k=2,3,….)                                          

  Where ɸ kj = ɸ 𝑘−1,𝑗 − ɸ 𝑘𝑘 ,ɸ
 
𝑘−1,𝑘−𝑗       , (   k=3, 4… j=1, 2….k-1)                   

 The k
th 

order sample partial autocorrelation coefficient is the estimate for θk in an AR (k). It is 

denoted by ɸ kk 

 ɸ 11 is obtained from the model Yt =c + ɸ1 Yt-1 +εt 

 ɸ 22 is obtained from the model   Yt =c + ɸ1 Yt-1 + ɸ2 Yt-2 +εt. 

ɸ kk is obtained from the model   Yt =c + ɸ1 Yt-1 + ɸ2 Yt-2 + …+ ɸkYt-k + εt. 

2.8. MODEL IDENTIFICATION 

The next step is to find an appropriate ARMA form to model the stationary series. The Box-

Jenkins methodology essential involves examining plots of the sample auto-correlogram and 

partial auto-correlogram and inferring patterns observed in this table (1) give the correct form of 

ARMA model to select (CHAPMAN H. et al 2000). 

 

 

 

 

 

 

 

Table 1: Characteristics of theoretical ACF and PACF 
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Process                            ACF               PACF 

AR Tails off toward zero (exponential 

decay or damped sine wave) 

Cuts off to zero ( after Lag p) 

MA Cuts off to zero (after Lag q) Tails off toward zero (exponential 

decay or damped sine wave) 

ARIMA Tails off toward zero Tails off toward zero 

Source: Box-Jenkins Models 

 

2.8.1. ESTIMATION WITH ORDINARY LEAST SQUARE 

The ordinary least square (OLS) minimizes the squares distance between the observed and the 

predicted dependent variable Y (CHAPMAN H. et al 2000): 

minᵦ  (yk−xk
′ β

)2n
k=1  = (y-xβ')'(y-xβ) 

The resulting OLS estimator of β is  

β = (x'x)
-1

x'y 

Given the OLS estimator, we can predict the dependent variable by ŷk=xk
′ β and the residuals 

ê=yk - xk
′ β 

2.8.2. MODEL ASSUMPTIONS 

We will assume that we have: 

-White noise process: 

                                     {εt} t
∞

=-∞  

                                     .E (εt) =0 

                                     . E (εt
2
) =σ

2
 

                                                  .
 E (εtεґ) =0 
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-Gaussian White Noise: εt ~ N (0, σ
2
) 

-Stationarity: neither the mean nor the auto-covariance depends on date t (CHAPMAN H. et al 

2000: 

                                E (Yt) =µ 

                                E (Yt- µ) (Yt-j- µ) =γj 

 

 

 

2.9. DIAGNOSTIC CHECKING 

• It is important to check the model adequacy 

– Analysis of the residuals 

– The residuals should be approximately white noise 

– Check for outliers using a plot of residuals 

– Examine the estimated residuals autocorrelations using the portmanteau test 

statistics 

2.10. APPLICATIONS 

The following stages summarized in the following flowchart are very important in the 

identifying a good ARMA model.   

 

 

 

 



 
 

 
Visit us at www.thinkbig.rw for more details  

16 
 

 

 

 

Figure 1: Stages in Box-Jenkins iterative approach to model building 

Stage1:Identification 

 

 

 

Stage2: Estimation 

 

 

 

Stage3: Diagnostic checking                   

 

 

 

                                                 Yes                                                                           No                                            

                                                                                             

Source: Box-Jenkins Models, p.17.  

 

Choose one or more ARIMA models 

                  Candidates 

Estimation of the parameter of the 

               Chosen at stage1 

Check the candidate model(s) for 

                     Adequacy 

Is model 

Satisfactory

? 

Forecast 
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CHAPTER THREE: PRESENTATION, ANALYSIS AND INTERPRETATION OF THE 

DATA 

3.1. INTRODUCTION 

This chapter deals with the presentation and analysis of the data collected from KABUTARE 

Hospital and the interpretation of the results in order to achieve the study objectives. Here, charts 

and regression model have been used to analyze the trend and to forecast the future number of 

TB patients in the Hospital under consideration. 

3.2. PRESENTATION 

Table ( 1), we find quarterly data collected from KABUTARE Hospital, these data represent the 

new case of TB patients from January 2006 to December 2010. 

Table 2: Data collected from KABUTARE Hospital 

               Term 

Years         

1
st
 Term 2

nd
 Term 3

rd 
Term 4

th
Term 

2013 19 37 40 26 

2014 34 15 26 12 

2015 18 20 11 29 

2016 30 12 27 19 

2017 13 13 15 13 

Source: Primary data 
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3.3.1. TIME PLOT 

The first step in any time series analysis or forecasting exercise is to plot the observations against 

time, to give what is called a time plot of the data. 

Figure 2: Graphical representation of the quarterly number of TB patients  

 

 

This figure shows us a downward trend (numbers of TB Patients are generally decreasing) and it 

shows that our time series data are non-stationary as the mean is changing a long the time. 
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3.3.2. TEST FOR STATIONARITY 

The time series under consideration must be stationary before anyone can attempt to identify a 

suitable ARMA model. A large literature has developed in recent years on the issue of testing 

time series for stationary and non-stationary. For ARMA model to be stationary it is necessary 

that the modulus of the root of the AR polynomial be greater than unit and for the MA part to be 

invertible, it is also necessary that the root of the MA polynomial lie outside the unit circle 

(CHAPMAN H. et al 2000. 

To check the stationary of our Data, we plot the graph of the quarterly number of TB patients as 

shown in the figure(2) and it is evident that there is a large swings in the data indicating that it 

may be non-stationary, so Box-Jenkins recommends differencing the data so we see it at the first 

difference. In order to remove the trend, we change the time series Yt to be: 

 Zt = Yt –Yt-1          (3.3.2) 

Table 3: Representation of the data at the first differencing 

                Terms 

Years 

1
st
 Term 2

nd
 Term 3

rd
 Term 4

th
 Term 

2013  18 -3 14 

2014 -8 19 -11 14 

2015 -6 -2 9 -18 

2016 -1 18 -15 8 

2017 6 0 -2 2 

Source: Primary data 
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The above table indicates different values of differencing using the formula (3.3.2) in order to 

check whether collected data are stationary. Its graphical presentation is shown by the following 

figure. 

 

 

Figure 3: Graphical representation of the data at the first differencing 

 

 

Source: Primary data 
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The above figure indicates that our data are stationary. This is proved by values of 

autocorrelations which indicate that there are weak autocorrelation between number of TB 

patients and time as indicated by the following table: 

 

 

 

 

 

 

 

Table 4: Correlations between observed number of TB patients and time in quarter 

  Quarter of 

observation 

Number of 

TB patients 

Quarter of observation Pearson 

Correlation 
1 -,058 

Sig. (2-tailed)  ,807 

N 20 20 

Number of TB patients Pearson 

Correlation 
-,058 1 

Sig. (2-tailed) ,807  

N 20 20 

Source: Primary data 

The above table indicates the relationship observed number of TB patients and time of 

observation. As shown above, we see that there is a negative relationship between them. The 

relationship is indicated by -0.058 
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3.4. MODEL INDENTIFICATION  

Having determined the correct order of differencing required rendering the series stationary, the 

next step is to find an appropriate ARMA form to model the stationary series. The Box-Jenkins 

methodology essential involves examining plots of the sample auto-correlogram and partial auto-

correlogram and inferring patterns observed in these functions give the correct form of ARMA 

model to select. 

 

 

 

 

3.4.1. THEORITICAL AUTOCORRELATION AND PARTIAL AUTOCORRELATION     

FUNCTION 

Table 5: Autocorrelations and partial autocorrelation       

Lag Autocorrelations 

Partial 

autocorrelation 

1 -0,514 -0,514 

2 0,054 -0,287 

3 0,206 0,139 

4 -0,307 -0,146 

5 0,112 -0,161 

6 -0,106 -0,276 

7 -0,027 -0,212 

8 0,125 -0,043 

9 -0,226 -0,283 

10 0,335 0,05 

11 -0,101 0,079 
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12 -0,072 -0,01 

13 0,115 -0,147 

14 -0,048 0,052 

15 -0,063 0,012 

16 0,015 -0,031 

Source: Primary data     

The above Table shows different values of ACF and PACF which are the results obtained using 

SPSS Software package. It also shows the theoretical autocorrelations and partial 

autocorrelations at lag one. The graphical presentation of the autocorrelation and partial 

autocorrelation functions are presented by the following figures (auto-correlogram and partial 

autocorrelogram).  

 

Figure 4: Graphical representation of ACF 
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Source: primary data 

 

This graphical indicates that our data will be analyzed using an autoregressive model as ACF is 

infinite in extend and the order of the autoregressive will be specified by the graphical 

representation of PACF. 

 

 

 

 

 

 

Figure 5: Graphical representation of PACF 
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Source: primary data 

 

These graphical shows that the time series Zt has a strong PACF at Lag one and are close to zero 

for the Lags larger than one. 

According to autocorrelogram and partial autocorrelogram that guide in choosing one or more 

ARMA model, so referring to the major characteristics in section ( 2.8), it is wise to analyze the 

data using autoregressive model of order one (CHAPMAN H. et al 2000.  

Zt =c + ɸZt-1 + εt         (3.4.1) 
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3.4.2. MODEL FORMULATION 

In this study, we have showed that our model will contain two parts that we can identify as 

integrated autoregressive model   ARIMA (1, 1, 0). So, combining the two equations (3.3.2) and 

(3.4.1) into one model, we obtain 

Zt = Yt –Yt-1    and       Zt =c + ɸZt-1 + εt    ⇒    Yt –Yt-1 = c + ɸZt-1 + εt 

Ŷt = Yt-1 + c + ɸZt-1 + εt.                                                                            (3.4.2) 

Note that model the parameters c and ɸ are unknown; in order to estimate these parameters we 

adopt to use ordinary least square method and they have been computed using SPSS and the 

results obtained are gathered in table below: 

Table 6: Estimation of the first order autoregressive parameters  

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 1,027 2,400  ,428 ,674 

Zt-1 -,604 ,225 -,557 -2,684 ,016 

Source: Primary data 

 

The estimators of the first order autoregressive parameters c and ɸ are given in the table (6) and 

their respectively values are 1.027 and -0.557. 

The value ɸ= -0.557 is negative; this implies that the time series residuals are possibly auto-

correlated and this will lead us to more reliable forecasts. 

The fitted model to forecast the number of TB Patients in KABUTARE Hospital in period from 

2006 to 2010 is: 

 

                                                                                                                 (3.4.2) 

 

Ŷt = Yt-1 + 1.027 - 0.557Zt-1                                                        
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Ŷt: The predicted value of TB patients at time t 

Yt-1: Observed value of TB patients at time t-1 

Zt-1: the differentiated value at time t-1 

Table 7:The prediction of TB patients at Kabutare Hospital 

            Terms 

Year First term Second term Third term Fourth  term 

 

2013   10,001 36,356 48,825 

 

2014 22,571 45,61 9,9 34,825 

 

2015 9,685 17,913 26,04 2,001 

 

2016 29,47 41,053 4,672 32,483 

 

2017 23,369 14,027 12,913 17,141 

Source: Primary data   

The above table indicates the prediction values of TB patients at Kabutare hospital. As shown by 

the table, those predicted values are different from the observed values. This leads to have 

residuals as indicated by their differences. But considering the time and the expected number of 

TB patients occurred in different terms, the analysis shows that data do not have the extreme 

dependence on the time. Also if we consider the correlation of predicted number of patients and 

the time within occurrences, the finding shows the positive correlation coefficient which is 

0.076. This means that if we increase the time, the number of TB patients at Kabutare hospital 

should be increase by 93.9% of the previous number occurred in the previous term. These are 

shown the following tables:  
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Table 8: Correlations between Predicted number of TB patients and time 

  Prediction 

number of TB 

patient 

Quarter of 

observation 

Prediction number of TB 

patient 

Pearson Correlation 1 ,076 

Sig. (2-tailed)  ,759 

N 19 19 

Quarter of observation Pearson Correlation ,076 1 

Sig. (2-tailed) ,759  

N 19 20 

Source: primary data 

Table 9: Coefficients of regression between predicted number of TB patients and time  

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. B Std. Error Beta 

1 (Constant) 20,675 8,423  2,455 ,025 

Quarter of 

observation 
,939 3,008 ,076 ,312 ,759 

a. Dependent Variable: Prediction number of TB patient 

Source: primary data 
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The above two tables the relationship basing on Correlations and regression between the 

predicted number of TB patients and the time within we collected data. Those values were 

obtained using SPSS.  

 

 

 

Figure 6: Scatter plot of predicted number of TB patients and quarters  

 

Source: Primary data 

As said before, this graphical presentation shows that there is a positive relationship between 

predicted values and time, but this correlation is weak because it is closer to zero  
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3.5. DIAGNOSTIC CHECKING  

Table 10: Present the Residual. 

Source: Primary data  

The above table shows different residuals when comparing the observed values and the predicted 

values from the model. The table also indicates that there is difference between observed values 

and expected values. 

 

Table 11: Descriptive Statistics of residuals 

 

 N Mean Variance 

Residuals 19 -1,51868 319,476 

Source: Primary data  

Based on those statistics of residuals shown by the above table, we can say that residuals are 

approximately white noise. 

            Terms 

Year First term Second term Third term Fourth  term 

 

2013   26.999 3.644 -22.825 

 

2014 11.429 -30.61 16.1 -22.825 

 

2015 8.315 2.087 -15.04 26.999 

 

2016 0.53 -29.053 22.328 -13.483 

 

2017 -10.369 -1.027 2.087 -4.141 
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Figure 7: Relationship between residuals and time 

 
Source: Primary data  

The above figure indicates that there is negative relationship between those residuals and time 

but it is weak as indicated by its R
2
. 

Figure 8: Relationship between residuals and observed number of TB patients 

 
Source: Primary data  

The above figure indicates that there is positive relationship between those residuals and 

observed number of TB but it is not weak as the indicated by the previous plot. 

Figure 9: Relationship between residuals and predicted number of TB patients 
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Source: Primary data  

The above figure indicates that there is negative relationship between those residuals and 

predicted number of TB but it is not weak as the indicated by the previous plot. 

 

As indicated by the three previous figures, we may conclude that those residuals are highly 

correlated on number of predicted patient while there exist a weak relationship with the time.  
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CHAPTER FOUR: CONCLUSIONS AND RECOMMENDATIONS 

4.1. CONCLUSIONS 

In our study, the main objective was to collect data and to analyze them and if necessary 

formulate a regression model, using time series theory, in order to forecast the future infections. 

Based the results of the study, we found that the data collected were stationary; this allowed us to 

use the formula (3.4) for predicting the number of TB patients at Kabutare Hospital. According 

to the findings of this study, the stated formula showed that the predicted number of TB patients 

was different from the observed ones. This implied the different residuals to be occurred in 

different time under consideration. Based on the applied formula, we have predicted 14 persons 

would be occurred on the 21st term at that hospital under study.  

We found that number of TB patients at Kabutare Hospital was not highly depending on time. 

Therefore, we conclude by saying that there are other factors which influence the occurrence of 

patients in hospitals and in order to forecast the number of those patients researchers should base 

on different factors like environment, nutrition, treatments etc. 

   This study once enlarged with many details, could help policy makers to plan how the number 

of TB patients will behave in the future time. 

4.2.RECOMMENDATIONS 

As found in the findings of the study, there is a weak positive relationship between number of 

TB patients in Kabutare hospital, we suggest that those in charge of TB patients should be aware 

of other factors which influence the increase of TB patient in our country.  
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