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APPLICATION OF PERT TECHNIQUE IN HEALTH PROGRAMME MONITORING AND CONTROL 
 

DR. SUSMIT JAIN 

ASST. PROFESSOR 

INDIAN INSTITUTE OF HEALTH MANAGEMENT RESEARCH  

JAIPUR 

 

ABSTRACT 
The Program (or Project) Evaluation and Review Technique (PERT) and Critical Path Method (CPM) are two analytical techniques which could be applied in 

monitoring and control of health programmes and projects. The technique helps in answering the expected time of completion of projects, identifying the jobs 

and activities and their start and finish times, the effect of delay of certain activities, what resources are required at various points of time, revising and 

rescheduling the projects and what additional resources are required, etc. Some of the examples of projects or programmes where PERT/CPM techniques could be 

applied are carrying out vaccination drive, eradication of polio, construction of a new hospital, addition of new wing in the hospital, Commissioning of Primary 

Health Centers (PHCs) or Community Health Centers (CHCs), Air-conditioning of Hospitals, Construction and commissioning of an intensive care unit, setting up a 

medical college, Organizing a Family Planning Camp, Conducting a training programme for health workers, establishment of network of Family Planning Welfare 

Centers, Construction of hostel for nurses, Mass Health education campaign, Organizing a sanitation drive, etc.This research specifically discusses the use of PERT 

technique in carrying out Vaccination Programme and will try answer questions like expected project completion time, effect of delay in completion of activities 

and associated probability of completing the project by the specified time. 

 

KEYWORDS 
PERT; CPM; Activity; Event; Slack; Float; Crashing; Beta Distribution. 

 

INTRODUCTION 
n all the Five Year Plans there had been outlay on number of health programmes and projects for the purpose of providing health care services to the rural 

and urban population. But the projects generally suffer in terms of timely completion and according to the schedules laid down. The Program (or Project) 

Evaluation and Review Technique (PERT) and Critical Path Method (CPM) are two analytical techniques which could be applied in monitoring and control of 

health programmes and projects. The technique helps in answering the expected time of completion of projects, identifying the jobs and activities and their start 

and finish times, the effect of delay of certain activities, what resources are required at various points of time, revising and rescheduling the projects and what 

additional resources are required, etc.  

Some of the examples of projects or programmes where PERT/CPM techniques could be applied are carrying out vaccination drive, immunization programmes 

and vaccination drives, national programmes for tuberculosis control, malaria control,  blindness control, HIV preventions and control, construction of a new 

hospital, addition of new wing in the hospital, Commissioning of Primary Health Centers (PHCs) or Community Health Centers (CHCs), Air-conditioning of 

Hospitals, Construction and commissioning of an intensive care unit, setting up a medical college, Organizing a Family Planning Camp, Conducting a training 

programme for health workers, establishment of network of Family Planning Welfare Centers, Construction of hostel for nurses, Mass Health education 

campaign, Organizing a sanitation drive, etc.  

 

HISTORICAL BACKGROUND 
The PERT Methodology was developed in 1957 to simplify the planning and scheduling the U.S. Navy's Polaris nuclear submarine project. CPM was developed 

independently by Du Pont and Remington Rand Corporation USA at the same time.  

 

METHODOLOGY 
PERT/CPM techniques involve the depiction of the project in terms of activities and events. The activities consume time and resources and events mark the start 

or end of an activity. Some of the examples of ‘activity’ and events in health management context could be: 

 

TABLE 1 : EXAMPLES OF ACTIVITIES AND EVENTS IN HEALTH SECTOR 

Activity Event 

Preparing a medical plan of the hospital Medical plan made or completed 

Placing an order for vaccines Order for vaccines placed  

Vaccinating children Vaccination drive completed 

Preparing curriculum for health workers training Curriculum for health workers completed 

PERT/CPM require the use of network diagrams which are the graphical or diagrammatic portray of the project. We could take an example of a vaccination 

programme against smallpox comprising of 23 activities which are shown below: 

 

ACTIVITIES IN VACCINATION PROGRAMME 
1. Survey the population 

2. Prepare policies and procedures for records and reports 

3. Get the vaccinators into position 

4. Prepare estimates of vaccine, equipment, vehicles, etc. required 

5. Procure vehicles on loan from other departments and put them into position  

6. Get the forms printed 

7. Plan public meetings 

8. Plan strategy to enlist the cooperation of community leaders 

9. Orient vaccinators with respect to the project, plans, jobs, etc. 

10. Place order for vaccine 

11. Call tenders for equipment 

12. Assign population and post vaccinators. 

13. Receive vaccine 

14. Give contract for equipment. 

15. Deliver vaccine at PHC 

16. Receive vaccine  

17. Deliver equipment at PHC  

IIII
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18. Conduct public meetings 

19. Motivate community leaders 

20. Help vaccinators to develop rapport with the community 

21. Vaccinate 

22. Review performance 

23. Prepare project report and submit it.  

The next stage of implementation of project is to estimate the time of completion of the activities. In PERT, the average time for an activity takes into account 

three time estimates for each activity.  

1. The optimistic time estimate: This is the estimate of shortest possible time within which a given activity can be completed. This assumes that ideal 

circumstances prevail and everything goes well. This is denoted by to or a. 

2. The pessimistic time estimate: This is the estimate of longest possible time required to execute a given activity if abnormal conditions prevail. This is 

generally denoted  by tp or b. 

3. The most likely time estimate: This is the estimate of the time required to execute an activity under normal conditions. This is generally denoted by tm or m. 

The three time estimates are reduced to one time estimate (expected time, denoted by te) using the formula, 

�� =
�� � � �	 � �


�
 …………………………………    (i) 

In the vaccination project, for a block in Jaipur district, the three time estimates were estimated based on past experience, and one average or expected time 

estimate was calculated. This is shown in the Table 2 below: 

TABLE 2: PERT TIME ESTIMATES FOR VACCINATION PROGRAMME 

   Time Estimates (days) Expected time 

ID Activity description Predecessors to tm tp te * 

A Survey the Population - 7 15 35 17 

B Prepare policies and procedures - 2 5 8 5 

C Get the vaccinators into position A 4 7 15 8 

D Prepare estimates of vaccine, equipment, vehicles, etc. required A 3 7 15 8 

E Procure vehicles on loan from other departments and put them into position A 7 15 30 16 

F Get the forms printed B 5 10 25 12 

G Plan public meetings C 1 3 10 4 

H Plan strategy to enlist the cooperation of community leaders C 1 2 3 2 

I Orient vaccinators with respect to the project, plans, jobs, etc. C 2 3 3 3 

J Place order for vaccine D 1 2 5 2 

K Call tenders for equipment D 10 14 40 18 

L Assign population and post vaccinators. I 1 3 10 4 

M Receive vaccine J 10 15 30 17 

N Give contract for Equipment K 1 4 10 5 

O Deliver vaccine at PHC M 1 2 5 2 

P Receive Equipment N 7 20 40 21 

Q Deliver equipment at PHC P,E,F 1 3 5 3 

R Conduct public meetings G 15 30 100 39 

S Motivate Community Leaders H 10 20 50 23 

T Help vaccinators to develop rapport with the community L 7 10 15 10 

U Vaccinate R,S,T,O,Q 6 10 20 11 

V Review Performance U 2 7 15 8 

W Prepare project report and submit it V 2 7 20 8 

*te estimates are to nearest integer. 

The PERT analyst then tries to logically sequence the activities i.e. identifying the predecessor and successor activities. The sequential constraints and the 

associated network diagram for the vaccination programme is shown in Table 2 and Figure 1. 
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FIGURE 1 : NETWORK DIAGRAM FOR VACCINATION PROJECT 

 

 

 

 

 

 

  

  

  

 

 

 

 

The critical path is shown through bold arrows i.e. A-D-K-N-P-Q-U-V-W and the total expected duration of the project comes out to be 99 days. Two time 

computations i.e. the Earliest Start (ES) and Latest Finish (LF) are shown on the network. The remaining two i.e. Earliest Finish (EF) and Latest Start (LS), Float or 

Slack are computed and shown in table below.  

 

TABLE 3: PERT TIME COMPUTATIONS FOR THE VACCINATION PROGRAMME 

  

 

Expected 

Time 

Earliest Start (ES) Earliest Finish 

(EF) 

Latest Start 

(LS) 

Latest Finish (LF) 

ID Activity description      

A Survey the Population 17 0 17 0 17 

B Prepare policies and procedures 5 0 5 52 57 

C Get the vaccinators into position 8 17 25 21 29 

D Prepare estimates of vaccine, equipment, vehicles, etc. 

required 

8 17 25 17 25 

E Procure vehicles on loan from other departments and put 

them into position 

16 17 33 53 69 

F Get the forms printed 12 5 17 57 69 

G Plan public meetings 4 25 29 29 33 

H Plan strategy to enlist the cooperation of community leaders 2 25 27 47 49 

I Orient vaccinators with respect to the project, plans, jobs, 

etc. 

3 25 28 55 58 

J Place order for vaccine 2 25 27 51 53 

K Call tenders for equipment 18 25 43 25 43 

L Assign population and post vaccinators. 4 28 32 58 62 

M Receive vaccine 17 27 44 53 70 

N Give contract for Equipment 5 43 48 43 48 

O Deliver vaccine at PHC 2 44 46 70 72 

P Receive Equipment 21 48 69 48 69 

Q Deliver equipment at PHC 3 69 72 69 72 

R Conduct public meetings 39 29 68 33 72 

S Motivate Community Leaders 23 27 50 49 72 

T Help vaccinators to develop rapport with the community 10 32 42 62 72 

U Vaccinate 11 72 83 72 83 

V Review Performance 8 83 91 83 91 

W Prepare project report and submit it 8 91 99 91 99 

Float or slack of an activity is the amount by which an activity could be rescheduled without increasing the project duration. For all critical activities float is zero, 

i.e. they could not be delayed. There are generally three measures of float which are generally used in computations. These are total float, free float and 

independent float. Let us consider the three measures of float in the case of a fragment of the network of the vaccination programme.  
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FIGURE 2 : PART OF NETWORK OF VACCINATION PROGRAMME 

 

 

 

 

Total Float  

The earliest tail and the latest head event times of an activity can be looked on as limits within which a non-critical activity can ‘move’ without increasing the 

project time. 

For activity J: 

The earliest possible starting time is day 25 

The latest possible finishing time is day 53 

∴ the total time available for the activity is 28 days 

But the duration of activity is 2 days: i.e. the activity can ‘move’ by 26 days. Any greater movement will create a new critical path(s) and increase the project 

time. ∴ 26 days is the total float for activity J. 

Free float 

For activity M: 

The total time available is 43 days 

But the duration is 17 days 

∴ the total float is 26 days 

But if activity J uses its entire total float, then event 2 will not be reached until day 53.  

In this case: 

The available time for activity M is 17 days 

But the duration of activity M is 17 days 

So that if activity J uses its entire total float, then activity M has no float, hence the free float of J is zero, i.e. the amount of float which could be used without 

affecting subsequent activities. Similarly the free float of M is zero because if M uses its entire total float (of 26 days), then activity could only be finished at day 

70, reducing the float of O to zero.  

Independent Float 

Independent float is the amount of float that can be used without affecting either subsequent or preceding activities. It is set to zero if it comes out to be 

negative.  

Rules for calculating float 

The total float is the difference between the L value for the head event and the E value of the tail event minus the duration. 

The free float is the difference between the E value of the head event and the E value of the tail event minus the duration. 

The independent float is the difference between the E value of the head event and the L value of the tail event minus the duration. (set to zero if negative). It 

indicates the time availability for an activity even if it has Late Start and Early Finish. 

The calculation of float is illustrated for the vaccination programme case in the following Table 4: 

 

TABLE 4: FLOAT TABLE FOR VACCINATION PROGRAMME 

  Floats (days)  

Activity Duration Total Free Independent Remarks 

A 17 0 0 0 Critical 

B 5 52 0 0  

C 8 4 0 0  

D 8 0 0 0 Critical 

E 16 36 0 0  

F 12 52 0 -52(0)  

G 4 4 0 -4(0)  

H 2 22 0 -4(0)  

I 3 30 0 -4(0)  

J 2 26 0 0  

K 18 0 0 0 Critical 

L 4 30 0 -30(0)  

M 17 26 0 -26(0)  

N 5 5 0 0 Critical 

O 2 26 26 0  

P 21 0 0 0 Critical 

Q 3 0 0 0 Critical 

R 39 4 4 0  

S 23 22 22 0  

T 10 30 30 0  

U 11 0 0 0 Critical 

V 8 0 0 0 Critical 

W 8 0 0 0 Critical 

Negative values of independent float signify that there is no independent float. 

PROBABILITY OF COMPLETION BY SCHEDULED DATE 

Suppose the Chief Medical Officer wants that the project to be completed within 90 days if possible.  What should the Health Officer tell his CMO about the 

likelihood that the Vaccination Programme be completed within 90 days. PERT can help in answering this question and also estimate alternative Scheduled 

Completion Dates with 70 per cent, 80 per cent and 95 per cent assurance of completion so that the Chief Medical Officer can choose one which suits him most. 

Let us first estimate the probability of completion of the vaccination project within 90 days. PERT uses Beta-distribution (a frequency distribution curve) and uses 

the formula for calculating the standard deviation based on the three time estimates tp , to  and tm as shown below: 

17 2 

J M O 

E=25 

L=25 

2 
E=27 

L=53 

E=44 

L=70 

E=72 

L=72 

1 2 3 4 
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Standard Deviation of an activity (σ ) = 
�����

�
  …………………………………    (ii)

The variance of the project is calculated by adding the variances of the activities lying on the crtitical path. 

σ� = 	 �σ�
� � σ�

� �	⋯� σ��………………………………………… (iii)

Where σ��is the variance of the first activity lying on the critical path, 

the last activity lying on the critical path.  

The normal variate Z is calculated using the formula: 

z � 	 �����
��

 ………………………………………………..……… (iv) 

Let us apply the concept of PERT in our Vaccination case.

 

TABLE 5: VARIANCES O

  Time Estimates (days)   

ID to tm 

A 7 15 

B 2 5 

C 4 7 

D 3 7 

E 7 15 

F 5 10 

G 1 3 

H 1 2 

I 2 3 

J 1 2 

K 10 14 

L 1 3 

M 10 15 

N 1 4 

O 1 2 

P 7 20 

Q 1 3 

R 15 30 

S 10 20 

T 7 10 

U 6 10 

V 2 7 

W 2 7 

      

The variance of the critical path comes out to be 102.86 

corresponding to schedule completion time of 90 days come out as:

� � 	
90 " 99
10.14

 

 

� � 	"0.89 

The location of z on a beta-distribuion equated is shown below:

FIGURE 3: BETA DISTR

And the area corresponding to this (from normal distribution curve) 0.3133 or 31 % chance of being completed within 90 days. 

Suppose we want to find that schedule completion times which have 70 %, 80% and 95% chance of being completed. In that case t

70%), 0.84 (for 80%) and 1.65 (for 95%). The schedule completion days are:

• 99 + 10.14 (0.52) = 104.28 days (which has 70% chance that the project will be completed in this specified duration)

• 99 + 10.14 (0.84) = 107.5 days (which has 80% chance that the project will be completed in this specified duration)

• 99 + 10.14 (1.65) = 115.7 days (which has 95% chance that the project will be completed in this specified duration).

  

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT 
Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/ 

…………………………………    (ii) 

The variance of the project is calculated by adding the variances of the activities lying on the crtitical path.  

………………………… (iii) 

is the variance of the first activity lying on the critical path, σ�� is the variance of the second activity lying on the critical path and 

Let us apply the concept of PERT in our Vaccination case. 

TABLE 5: VARIANCES OF ACTIVITIES ON THE CRITICAL PATH 

  Expected time     

tp te * Variance  Variances of Critical Activities 

35 17 21.78 21.78 

8 5 1.00   

15 8 3.36   

15 8 4.00 4.00 

30 16 14.69   

25 12 11.11   

10 4 2.25   

3 2 0.11   

3 3 0.03   

5 2 0.44   

40 18 25.00 25.00 

10 4 2.25   

30 17 11.11   

10 5 2.25 2.25 

5 2 0.44   

40 21 30.25 30.25 

5 3 0.44 0.44 

100 39 200.69   

50 23 44.44   

15 10 1.78   

20 11 5.44 5.44 

15 8 4.69 4.69 

20 8 9.00 9.00 

    Variance of the Critical Path 102.86 

102.86 andthestandard deviation ( '(  ) of the critical path comes out to be 

corresponding to schedule completion time of 90 days come out as: 

distribuion equated is shown below: 

 

FIGURE 3: BETA DISTRIBUTION CURVE AND COMPUTATION OF DESIRED AREA 

And the area corresponding to this (from normal distribution curve) 0.3133 or 31 % chance of being completed within 90 days. 

Suppose we want to find that schedule completion times which have 70 %, 80% and 95% chance of being completed. In that case t

70%), 0.84 (for 80%) and 1.65 (for 95%). The schedule completion days are: 

99 + 10.14 (0.52) = 104.28 days (which has 70% chance that the project will be completed in this specified duration) 

as 80% chance that the project will be completed in this specified duration) 

99 + 10.14 (1.65) = 115.7 days (which has 95% chance that the project will be completed in this specified duration). 
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is the variance of the second activity lying on the critical path and σ��  is the variance of 

Variances of Critical Activities  

) of the critical path comes out to be 10.14 . The normal variate 

 

 
And the area corresponding to this (from normal distribution curve) 0.3133 or 31 % chance of being completed within 90 days.   

Suppose we want to find that schedule completion times which have 70 %, 80% and 95% chance of being completed. In that case the values of z are 0.52 (for 
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The methodology discussed is entirely based on time dimentions and the project completion time and the probability of its completion on time were calculated 

and a criteria for differential control of activities based on Critical Path was explored. 

Project cost analysis involves understanding the use of resources and their deployment in various activities. The objective of project cost analysis or crashing is 

to find out the optimum duration of the project at minimum total cost. The procedure used in this is called as crashing or reducing the project duration and the 

effect on direct and indirect cost of the activities are taken into consideration.  

 

CONCLUSION 
The methodology of Programme Evaluation and Review Technique (PERT) is based on ‘time’. It assumes that any project or programme is a conglomeration of 

many activities or jobs. These activities are interrelated and interdependent on certain dimentions. The accomplishment of all the activities will only lead to the 

completion of the project/programme. The basic philosophy underlying PERT/CPM is nothing new and much of this is known to us. PERT/CPM provides a 

scientific basis for such a project planning. It provides a powerful and logical scheme for the execution of activities and for planning of the resources required to 

execute the activities, to facilitate the total project completion within the optimum time through expending minimum resurces. It forces the project manager to 

think logically in the face of uncertainty, draws attention to various kinds of decisions to be made at different stages of the project. In the ultimate analysis, it is a 

scientific methodology that helps in implementation of projects within the constraints of time and resources.  
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