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After studying this Unit, you should be able to: 

.. e Understand the concepts of survey research and computer simulation; 

e Discuss the methods of collecting data through survey research; 

e Explain the strengths and weaknesses of different survey methods; 
e Describe the ways of conducting computer simulati~ns; and 
e Highlight the advantages and disadvantages of computer simulation, 

21.1 INTRODUCTION 
The present day society is an information society. This socie'ty needs infoynation on needs, 
preferences, and behaviour. The government, business, andsocial institutions also needinformation 
so that they can meet the preferences and expectations of individuals. hi this context, information, 
as processed data, is essential as an aid to decision-making. The dati can be either gathered 
through surveys or generated thrpugh computer simgatig?. ' ' 
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This Unit provides clear understanding on how to collect data through surveys and computer 
simulation. For this purpose, choose a method on the basis of the nature of population and its 
needs, and assess the limitations of data collection. The computer simulations are useful to understand 
the system that helps in decision-making process. You may prefer to use computer simulations, 
particularly when the methods of mathematical optimisation procedures are complex. You will 
learn a more details on these topics in the rest of this Unit. 

21.2 SURVEY RESEARCH 
Survey research is the method of collecting data from a sample of respondents, that is, representative 
of a target population. It is one of the most common types of social research for collecting quantitative 
data. The survey is intended to represent characteristics or perceptions of a target population. It 
consists of all objects, individuals, or social units. For example, to know theenvironmental effects 
of an industry in a particular location, the target population may consist of all the individuals living 
in and around that industrial area. Similarly, to know the people's opinion on construction of an 
irrigation project the target population may consist of the potential beneficiaries of the proposed 
project and those who are likely to loose land or get displaced. Therefore, the target population 
must be clearly defined. 

For a variety of reasons, i t  may not be possible for us to elicit the required information from the 
whole population. In such cases, we may use a sample that represents the ,target pop~lation. A 
sample is a fraction of population selected to elicit the information about the population as a whole. 
For example, a sample of prospective voters is questioned in advance to determine the public 
opinion on the candidates or parties contesting the election. Similarly, the government may seek 
the opinion of people through a sample survey for evaluating the present or proposed legisl~tion. 

21.2.1 Types of Survey 
a 

Normally, before conducting a survey one should decide as to how the results would be used. That 
is, whether the survey collects data at a single point of time or over aperiod of time, The first type 
of survey is called cross-sectional survey, and the second one longitudinal survey, 

i)  Cross-Sectional Survey 
I 

Cross-sectional survey'is used to gather data on a single population or several populations at a 
single point of time. The characteristics of these populations can be examined on the basis of a 
number of factors. For example, if a city council is bringing a new legislation on road safety, it may 

I want to know the opinion of people before the new po1icy.i~ implemented. Therefore, it may 
cond~~ct a cross-sectional survey among the city citizens. The population groups for this survey 
may consist of heavy vehicle drivers, light vehicle drivers, cycle and auto-rickshaw drivers, and 
pedestiians.   he factors could be perceptions on speed limits, type of punishment for road safety 
rule violators, and how the money generated through fines should be spent. One may also divide 
the population on the basis of their income, educational qualifichions, age, etc. and analyse their 
opinions. O 

ii) LongitudinaI Survey 6 

Longitudinal survey gathers data on a particular population over a period of time to perfit 
#- 

comparisons. For example, if the government is introducing anew policy onelectricity billing, bill 
distribution and collection in a city, it may conduct the opinion survey of its people before and after 
introduction of new policy. The longitudind survey can further be divided into trend studies, cohort 
studies, and panel studies. 
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Trend Studies 

The trend studies aim zt collection of data at regular intervals through repeated surveys, such as, 
surveys on unemployment, poverty, consumer prices, etc. While samples are of the same population 
they are typically not composed of the same people. Trend studies, may be conducted over a long 
period of time. The researcher can combine data from several studies of the same population in 
order to show the trend(s). 

0 Cohort Studies 

Cohort studies also focus on aparticular population or sub-groups of a population. They are 
sampled and sh~died more than once, but these studies have a different focus. They study a group, 
which has experience of an event or a programme or scheme. For example, a sample of students 
who have completed master's degree in Public Policy in 2006 can form a cohort and could be 
questioned regarding the utility of the programme in their respective p~~ofessions. Five years later 
a different sample of the students who have completed their master's degree in Public Policy in 
2006 can be studied to see any changes in their perceptions. Therefore, a cohort study would 
sample the same population at different points of time. Suppose, if you study the students who 
have completed their master's degree in 2008 then it becomes a trend study and not cohort study. 

0 Panel Studies 

Panel studies are similar to cohort studies, except that the same individuals are interviewed in each 
period, whereas in cohort studies only a random sample of the same group (year, age, income, 
etc.) is studied. In Panel studies the same set of individuals serve the control function over a period 
of time, whereas in Cohort analysis random sampling is assuined to serve as control function, 

t assuring similarity of a Cohort by age, education, gender, etc. as it is measured in successive time 
periods. For example, select a sample of voters and ask them about their affiliation to political 
parties. Every year thereafter, the researcher would contact the same voters and ask them similar 

" questions, and ask them the reasons for any changes in their preferences. 

The Cohort studies measure net changes over time, whereas the Panel studies measure gross 
changes over time. For example, many voters switch their party identificationin a given period of 
time and it does not take into account the new voters to measure the net effect. Panel studies can 
yield specific information and extremely useful explanations. But they are difficult to conduct.. They 
tend to be expensive; they take lot of time and suffer from attrition rates (attrition occurs when 
people dropout of the Panel Study). 

21.2.2 Survey Methods 
C 

Broadly speaking, there are four methods of conductirig survey for collecting data: (a) in-person 
interview, (b) telephone survey, (c) mail survey, i d  (d) internet survey. Each of these methods has 
particulq advantages and disadvantages. The choice of a pdcular  survey method for data collection 
should be justified by its advantages and disadvantages in the context of the purpose for which a 
survey is being conducted. 

i) In-person Interview: Basically there are three approaches to collect data through in-person 
5 

interviewing: (i) informal conversational interview, (ii) general interview-guide interview, and (iii) 
standardised format interview. 

The informal conversational interview relies on sppntaneous questions arising from the natural 
flow of conversation. D'uring this kind of interview, the res~onbents may not even know or realise 
that they are being interviewed. The advantage of this method is that it allows the people to 
respond to individual and situational differences. The questions can be personalised in Focus and 
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the communication would be non-threatening, The disadvantage of the informal interview is that it 
' requires a great deal of effort and time to collect the information systematically. There is always 
scope to miss some important data since during the conversation uniform questions cannot be 
covered. Also, the quality of the data depends on the skills of the individual investigator. 

I 

Before interviewing the respondent, an interview-guide is piepared that contains issues or questibns 
to be asked during the interview. It ensures that the data is collected on the same issues. The guide 
provides basic topics or subject areas within which the investigator is free to probe and obtain 
information on the subject. The main advantage of the interview-guide method is that it ensures 
that investigator uses the limited time available in tlie best possible manner. The interview will be 
inore systematic and comprehensive with focused discussion. This method is especially useful for 
group discussions, where the interview-guide keeps the discussion focused, but at the same time 
allows the individual perspectives to be identified. There are some disadvantages of this method. 
Although, this method overcomes the deficiency of omitting important issues as in informal interviews, 
still it can inadvertently omit a few important issues. In this method, the investigator can sequence 
the questions in his own way or use his own words in putting questions, which inay often be 
misunderstood by the respondents and lead to inconsistencies in responses. Also, the reliability of 

' the data greatly depends on the skills of the investigator. 

When the data needs to be compared and used for further statistical analysis, the data should be 
collected using a standardised fomzat. In this method, each respondent is asked essentially the 
same questions. The format can contain open-ended questions or closed-ended questions or 
both. The questions are sequenced as the investigator asks them. The advantage of the standardised 
format interview is that it rninimises investigator's bias by standardising the questions being ask~d  
of each respondent. The interview is systematic and data comparisons become easier. Also, 
questions will be highly focused and reduces the time duration of the interview. This method has 
one disadvantage. The method does not allow the interviewer to pursue issues that may emerge 
during the period of interview. 

Generally, the in-person interviews are the most expensive form of survey research. However, the 
response rates are very high and the researcher obtains more detailed data through this method. 
Also, in-person interview methods need larger and highly trained persons to collr.ct the data when 
compared with other methods. The investigator's personal bias also forms one of the drawbacks 
of this method. A numher of sampling methods are used to draw samples from population under 
study. We will discuss these methods in section 21.2.4 of this Unit. 

ii) Telephone Surveys: Telephone surveys offer a comparatively fast and low-cost alternative to 
in-person interviews and are particularly useful when the population is large and geographically 
dispersed. One of the drawbacks of this method is that it is limited to persons with telephones. 

" Also, if the telephone book is used as the source of names, persons who have telephones but their 
names are not listed in the book are omitted from drawing samples for surveys. Another major 
disadvantage is that many people'are switching over the mobile phones, which is presented in Unit 24. 

To draw a sample ofrespondents, the investigator starts with a sampling frame containing phone. 
numb&s, chooses oneunit from this frame, and conducts an interview over the telephone, either 
with a specific person at the number or anyone available at that number. This process is continued 
,till all the sample units in the sampling frame are interviewed. Another technique called random- 
digit diaIing permits telephone calls to be made within specific geographic areas without the need 
for the list of telephone numbers. However, the drawback of this method is that the interviewer 
dials a number not knowing whether there definitely exists a live connection at that number, or 
whether it is a business: hospital or household. It is always better to combine these two methods. 
First, the interviewer uses random digit dialling to prepare an initial list of random numbers. Using 
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a random number mechanism (we will discuss random numbers in section 21.2.5 of this LJmit). 
telephone numbers are then taken from this list to produce a final set for the sample to be covered. 
The greatest advantage of telephone survey is that it is timely and costs less than in-person interviews. 
But the disadvantage is that the telephone survey requires se~reral interviewers to make telephone 
calls if the survey is to be completed within a reasonable time period. These days most of the 
commercial firms use telephone to conduct surveys. Properly conducted telephone surveys yield 
high response rates. However, the interviewer should keep the number of questions to be asked 
to the minimum and simple. Researchers generally believe that they get the best response rate 
through in-person interviews. But studies show that the response rates have been declining 
pa

r

ticularly from urban areas and with high-income groups. Studies have shown that telephone 
interviews yield about as representative a sample as in-person interviews. 

iii) Mailed Survey: In this method apre-designed questionnaire is mailed to the respondents, 
who are expected to complete and return the questionnaire. The main advantage of mailed survey 
is that it is substantially less costly than both in-person and telephone surveys. III order to improve 
the response rate, the questionnaire is developed with closed-ended questions that make the data 
analysis relatively simple and quantifiable. Responses can be directly compared and easily 
aggregated. It is commonly observed that the response rates in mailed surveys are low. A high 
non-response rate sometimes results in non-representative sample.,The non-response rates can 
be caused by many factors, which include non-availability of respondents, or refusal to participate 
in the survey. A variety of techniques can be used to improve the response rate. For example, a 
follow-up of the mail can improve the response rate. Also, the questionnaires that are brief are 
more likely to be completed. Some kind of attraction can*be.made to get the attention of the 
respondents to fill and return the questionnaire. For example, the questionnaire can have copy of 
an introductory letter from aprominent person, and respondents can be given token gifts. Another 
disadvantage of mailed questionnaires is that the respondents cannot fit their experience and views 
in the pre-determined categories, This can distort what the respondents really mean by limiting 
their choices. To partially overcome these difficulties, open-ended questions are often added to 
the questionnaires. Again open-ended questions are generally of limited value on mail survey 
because they depend entirely on the respondent to answer fully and do not provide an opportunity 
to probe or clarify unclear answers. 

iv) Internet Survey: A more recent innovation in survey research methods is the use of Internet 
technology. There are two ways of contacting respondents through Internet. First, the researcher 
can mail the questionnaire using e-mail facility In this method, you need to collect all the e-mail 
addresses to which you intend to mail the questionnaire. In the second method, the researches 
simply posts the questionnaire in a web page with arequest to the respondents to fill them. The 
respondents who access that web page download the questionnaire and send the filled-in 
q~~estionnaire using either e-mail facility or postal mail. The respondents can also send their responses 
by simply filling the questionnaire on-line using the web page. 

The Internet surveys s~lbstantially rduce the cost and time of the surveys. The major limitation of 
the Internet mails is that the population whom the Internet survey is aimed at should have Internet 
connectivity. Otherwise, there is a threat for sampling bias. If the target population consists of 
computer users, the sampling bias may be minimal. Therefore, the Internet surveys are ideal for 
collecting data from networked people and with e-mail addresses. 

21.2.3 Questionnaire-Design 
A questionnaire is a format containing questions arranged in a sequence to elicit infortnation from 
the respondents. A questionnaire can be used for in-person interviews, or mailed surveys or Internet 
surveys. In a way, the questionnaire is the heart of the survey research. The researcher should be 
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clear in  hisher mind what information is needed and from whom?This is crucial whether the 
questionnaire is administered by the interviewer or mailed or posted in a web page. Also, provide 
sorne introduction descl-ibing the nature of the questionnaire and the objectives of the survey. 
Mailed surveys and Internet surveys should have a brief attachment introducing the survey and 
requesting the cooperation of the respondent in filling the questionnaire. 

Types of Questions: Each question or set of questions should be designedand carefully worded. 
They should have clear instructions on how the respondents have to fill the answers. For example, 
"What difficulties are you facing in your business? Check the reason that applies in your case.", 

Closed-ended questions limit the respondent's answers to the survey. The respondents are allowed 
to choose from either a pre-existing set of dichotomous answers, such as, Yes/No, TmelFalse, or 
~nultiple choice responses with an option for 'other7 to be filled in or ranking scale response 
options (like very important, somewhat important, not too important, not at all important). The 
following are some examples of closed ended questions. 

i) Educational Qualifications: 

a) Illiterate 

b) Below matriculation 

C) Matriculation 'and above, but below graduate 
d) Graduate and above 

ii) Which TV channel would you generally prefer: 

a) Sports 
b) Entertainment/music/movies 

c) News 
d) Spiritual 

e) Other (please specify) 

iii) The inost important.problem that our country is facing in the current year is (rank 
the importance of each of the following reasons you perceive strongly): 

I strongly I somewhat I have no I somewhat I strongly 
agree agree opinion disagree disagree 

Poverty 
M 

( 1 ( 1 ( 1 ( 1 ( 1 
Population ( 1 ( 1 ( 1 ( 1 ( 1 
Corruption ( 1 ( ) ( 1 ( 1 ( ) , 

I 
Terrorism ( 1 ( 1 ( 1 ( 1 ( 1 + 

11 1 iteracy ( 1 ( 1 ( 1 ( 1 ( 1 , 

Employment ( 1 ( 1 ( 1 ( 1 ( 1 I I 

I 
L 

The advantage of closed-ended questiolls is that they are more easily analysed. The response to 
every answer can be quantified by assigning a pre-coded number so that statistical analysis becomes ir 

easier. Since closed-ended questions are more specific and convey similar meaning. They facilitate 
comparisons of responses. The time taken by arespondent or interviewer is limited. Because of 4 

I 

this reason, the response rates are higher in surveys that use closed-ended questions than open- I 

ended questions. e 

The advantage of open-ended questions is that they allow respondents to include more information, 
including feelings, attitudes andunderstanding of the subject. However? the response rates may not 
he encouragi12g when open-endedquestions are used. 
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Wording: The wording of survey questions is a tricky one. It is difficult to develop questions with 
proper words that c6nvey same meaning between the researcher and the respondents. To write 

e ffectively communicating questions the researcher should keep in mind the following: 

e Questions should be written in simple language and avoid complex or long-winding sentences. 

e Questions should be kept short and simple. 

e Questions should be specific and focused. Avoid general questions. 

e Avoid questions that are sensitive and hurt the feelings of respondents. 

Order of Questions: The sequence of questions is another important consideration in developing 
a questionnaire. The following points should be kept in view: 

Q Easier questions that the respondent feels that helshe can respond should be at the beginning. 
For example, you can put questions like name, age, qualifications, sex, etc. at the beginning of 
the questionnaire. 

a Sensitive questions (if any) should be avoided at the beginning of the questionnaire. 

e Do not put most important questions at the end of the questionnaire. Many respondents may 
not answer the questions appearing at the end because they are likely to develop fatigue by 
that time. . , 

9 The questions should be ordered in such a way that corresponds to the respondent's natural 
way of thinking. 

Q One should be caref~~l while designing contingency questions like 'Eyour answer is yes to the 
previous question', etc. 

21.2.4 Preytesting a Questionnaire 
Pre-testing of a questionnaire is essential to improve the effectiveness of a questionnaire for collecting 
data. Before sending the questionnaire to the r~spondent or the interviewer meets the respondents, 
the draft questionnaire should be tested for its effectiveness with asmall group of people sirnilwin 
characteristics to your ultimate sample. Pr?-testingcan help you determine the strengths and 
weaknesses of your survey concerning question format, wording, and order. There is no hard and 
fast rule to decide the number of respondents for pre-testing. However, it is ideal to have apre- 
test sample of 10 and not more than 30. 

Before conducting a survey, you must choose a representative sample of the population under 
study. Unless your target population is very small, it is not always possible to collect the data from 
all ~neinbers of the population. A subset of population that contains all the characteristics of that 
population is called a sample. In that case, all the inferences drawn from the sample are probably 
applicable to the entire population. Therefore researchers generally survey a sample list of 
respondents from a population, which we call a sampling frame. There are a number of salnpling 
~nethods, which can be classified into: (a) probability sampling methods, and (b) non-probability 
sampling methods. These are also sometimes referred as random sampling methods, and non- 
random sampling methods respectively. 

Probability Sampling Methods: In the probability sampling methods each unit or itelm in the 
population has a chance of being included in the sample. This metllod of sampling reduces the 
sampling errors and normally we say that the sample is an unbiased sample. There are several 
methods of probability sampling. In this Unit, we will discuss the following methods of probability 
sampling: 
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i) Simple Random Sampling 

This method is used when a sampling frame is small. We use random numbers to choose the 
sample from a listed population. First each member of the population is assigpld a unique 
number. For example, if a population contains 1000 members, you can assign numbers 000 
to 999. The random number tables are available in any standard textbook on Statistics. 
Choose a page, column and row at random to start selecting a sample. Suppose you want to 
select 30 samples out of 1000 units of a population. Since each unit of the population is 
identified with a 3 digit number (&to 999). You can start selecting either the first three digits 
or last lhree digits, but not both. We have given a one page random number table at the end 
of this Unit. Suppose yo~l selected fifth row and first column representing the nun 'ler '998 18 11 ' , 
chose either '998' or '81 1'  as first sample. In case, you have selected 8 I , choose the 
direction in which you want to move (left to right, sight to left, LIP or down) tc .~okfor  next 
sample unit. Suppose you havechosen from left to right select the next random number '338' 
from '2046338'. Continue this process till you select the required sample of 30. In case the 
number does not fall in the region of the population' or reoccurs then simply omit it. The 
following random numbers are considered for 30-sample size. 

81 1 338 574 962 229 217 I92 237 399 176 

165 905 523 772 7 10 216 880 790 358 160 

955 251 800 602 190 945 009 963 604 250 

The main disadvantage of simple random sampling has been observed, when the population 
size is very Iarge and it is not possible to list all the members of the population. 

ii) Systematic Sampling 

In the systematic sampling, the sample units are selected from the population at equal intervals 7 

of time, space or order. The selection of sample in this method is very sinlple. Arrange all the 
units of the population in an order by giving serial numbers from 1 to N. Decide the sample 

.b 

size (n) and then sampling interval (k) by dividing the population size (N) by the sample size 
(4.  

Select the firs1 member of the sample at random from first sampling interval (1 to k). Select . t 

the subsequent sample members at equal intervals (k). 

For example, if you have a population of 1000 and want todraw a sample of 100 units first 
asrange the population units giving serial numbers 1 to 1000. Since the sample size is 100, the b 

sampling interval is K = 1000/100= 10. Select first sample unit at random from 1 to 10. I 
1 

Suppose you have selected 5 then the subsequent sample units are 15,25,35,45,. . .995, i' 
The advantage of this method is that it can be used even if a formal list of population units is 
not available. For example, if you want to know the opinion of an ATM user, simply choose 
every kt" user (say to begin 1 Oth) provided that we know how many users are visiting the 

i 
i 
I 

, I  ATM in a day (say there are 1000 users in a day and we need 100 sample size). The systematic i 
I sampling is equally precise as simple random sampling. One of the disadvantages of using 

systematic sampling is that if there is aperiodic occurrence of theunits of population then the r I  
sample selected may not be a representative sample. For example if you conduct the survey I , 

C 1 of consumers in a departmental store, the type of consumers (say housewives, working people, I 

etc.) depends on the timing of a survey. Another disadvantage is that the first sample unit 
selected decides tlie rest of the sample units. Regardless of how we have selected the first i 

1 

I 
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iii) 

iv) 

sample unit the rest of the sa~n~leunits are a~~tomatically selected. This may lead to not giving 
equal chance to all population units in the sample. 

Stratified Sampling 

111 this method a heterogeneous population is divided into stratums. Simple random scampling 
and systematic sampling methods are ideal if you have ahomnogeneous population. However, 
if you have heterogeneous population like malelfernale, ~urallurban, literatelilliterate, low 
incomehigh income groups, etc. and you want to have a representative sample from each of 
these stratums then you can choose the method of stratified random sampling. The stratified 
random sampling is in fact a simple random sampling of each stratum of the population. For 
example, in a study of different income groups, asiinple random sample may be drawn for 
each income group (either in proportion or dispropol-tion to the stratum population size). The 
main advantage of stratified random sampling is that since the random sample is drawn from 
each stratum of the population, this method is more representative and thus repres.ents more 
accurately the characteristics of the population. The drawback of the stratified sampling is 
that it is often clifficult to prepare a list of population members for each stratum since the lists 
may not be readily available. 

Cluster Sampling 

I11 cluster sampling we divide the population into smaller groups calIed clusters and then 
select samples randomly from one or more groups (clusters). Here we assume each cluster of 
population will have all the characteristics of the population as a whole. The cluster sampling 
isfnore appropriate in geographical studies. For example, suppose you are conducting a 
sufvey in Mumbai. Instead of spreading the sample to the whole geographical areaof Mulnbai, 
you can divide the city into say 30 blocks, select a few blocks (say 3 or 4) and then select a 
representative sample from each block. Selection of groups or clusters of elements rather 
than ihdividual elements is regarded as a more practical approach to surveys it samples. 
Howevel; the accuracy of the survey may decline if the clusters are not representative of the 
population characteristics. Sometimes, the cluster sampling is also called as two-stage sampling. 

Multi-stage Sampling 

Multi-stage sampling is aigeneralisation of the cluster satnpling. I n  cluster sainpling what you 
have observed is a two-stage process. In the first stage divide the popqJation into a number of 
clusters, and in the second stage fromeach of the sampled clusters you choose arepresentalive 
sample. Multi-stage sampling is, thus, carried out in a number of stages. Progressively smaller 
population is selected randomly at each stage. Further, at each stage of the ~nultistage sampling 
you can use a suitable method of sampling (say stratified, simple random, or systematic, or 
cluster). For example, if you are conducting a survey covering all the geographical area of 
India. You can choose a representative sample of states in the first stage, and in the second 
stage you can select a representative sample of districts fromeach state, and so on. The main 
advantage of multi-stage sainpling is that it reduces the costs of data collection when the 
survey is in-person. The drawback of the multi-stage sampling is that if the sampling units 
selected at different stages are not representative, the findings of the survey have alower 
value in terms of their generalisability, 

Non-Probability Sampling Methods 

The non-probability sampling methods are widely used as a case selection method in qualitative 
research or for preliminary and exploratoj nature of quantitative studies where random 
sampling is too expensive. However, the probability methods of sampling are always preferable 
anh kn-probability methods of sampling are not a substitute to the former. In this section, 
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w e  cover three non-probability sampling methods, namely, convenience sampling, judgment 
sampling, and quota sampling. 

r Convenience S~mpliizg: 111 tlis sampling, the researcher selects the samples that are convenient 
or on the basis of availability. For example, in conducting opinion polls people who are 
coming out of polling booth and are willing to talk are chosen for interview. Mail-in surveys in 
newspapers, magazines or TV are other examples of convenience sampling. 

a Judgment Sampling: In judgment sampling, the researcher interviews a panel of individuals 
known to experts in afield. This sampling inethodis also sometimes calledpurposive sampling. 
The sample is selected entirely on the basis of researcher'slexpert's judgment on the 
characteristics of the sample. The consumer price index is based on a judgment sample. In 
the absence of representative data or where it is difficult to establish the universe for a sample 
one may resort to judgment sampling. 

e Q~lota Sampling: Quota sampling is similar to convenience sampling, except that the 
pl-oportionality of each stratum is preserved. The samples are selected on the basis of some 
parameters like sex, age, region, income, etc., in order to make a representative sample. The 
researcher then chooses a fixed quota from each of the sub-groups. Unlike stratified random 
sampling, in quota sampling the samples are not drawn randomly buta fixed quota is chosen. 
For example, a market survey may cover 5 market centres of a city and from each market 
centre a fixed quota of 50 consumers can be interviewed. Their selection is not done randomly, 
but only according l o  the researcher's convenience. 

21.2.6 Sample Size Determination 

How large the sample should be is a question that arises at the planning stage of any survey. If you 
u 

take a larger sample than required then it results in wastage of resources because you will not gain 
any additional infolmation. On the other hand, if you have too small a sample than required, you 
may not get reliable results, and hence they are of no practical use in making agood decision. The , 
main objective it1 sampling is to obtain a desirable accuracy and desirable confidence level with 
minimum cost. All probability-sampling methods ensure representative sampling. Also, technically 
speaking, a sample size is related to the confidence level or precision level. The typical confidence 
levels are 95 per cent, and 99 per cent and typical precision levels are 5 per cent, and 1 per cent. ' 

The discussion on how to estimate the sample size is not covered here since it is beyond the scope 
of this Unit. a 

COMPUTER SIMULATION . 
Simulation is amelhod of solving problems in decision-rn<aking by developing a mathematical * 

model of a process and then conducting a series of experiments to predict the behaviour of that 
process. In other words, simulation is used to describe a procedure of establishing a model and 
deriving solution numerically. We use a simulation model to conductexperiments. 

s 

A mathematical model can be used either for the purpose of optimisation or description. Using 
optirnisation models you can seek points of maximisation or minimisation. For example, apolicy 
analyst often would like to know what conditions or actions would result in profithevenue , 
~naxirnisation or cost minimisation. On the other hand, a description model describes the behaviour 
of a system. It only indicates a valid representation of reality and does not directly suggest optirnising 

P 

conditions. From this, you can understandunder what conditions asystemperforms more efficiently. 
In simulation, you use arnodel for optimizing purposes by raising 'what if' questions. For example, 
as a policy analyst you would like to know 'what will be the effect on the benefits (in terms of 
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money) if the cost of a project increases by 5 per cent or 10 per cent or 15 per cent and,so on? 
Using simulation you can obtain ~lseful information for optidsation of the project. 

Silnulation models are typically used for the analysis of complex problems. We will explain this 
with a simple example. Suppose you are asked to find the sum of the numbers 1 to 20 

n(n + 1) 
( 1  +2+34.. .+20). Using AI-ithmetic Progression fonnula - 

.t 2 
you find the sum of n terms. In 

20(20 + 1) 
our example, you have n=20 therefore sum of; 1 to 20 is 

2 
= 210. In case you are not 

fainiliar with the formula, what do you do? You may perhaps stact adding 1+2=3 and then add 3 
lo the resulting value (3) and continue the process till you complete adding all the 1 to 20 numbers. 
Suppose you are asked to add 1 to 100. In this case, imagine how cumbersome it is and how 
much time it takes if you follow the second method. In fact, the first method of using formula is 
Inore efficient. However, there are complex sirnations where you may not use direct formulas, but 
try to achieve them through experiments. 

21.3.1 A Simple Simulation Model 

We will illustrate the concept of si~nulation with a simple example. Suppose adistance education 
institution is offering a postgraduate programme to its students. In relation tothe numberof,students 
enrolled, the institution incurs Rs.60 millions as a fixed cost on developing course materials and. 
other overheads. It also incuis Rs.5.500 per student as variable cost for every additional enrolment. 
In order to find the total cost for different enrolments you may use the following foimula. 

-3 
T C = F C + V C X  S 

5 Where TC = Total Cost 

FC = Fixed Cost 
a 

VC = Vkriable Cost per student 

S = Number of students 

Now suppose you are given PC = Rs.60 millions and VC = Rs.500 per student, you would like to 
know what will be the total cost for different levels of enrolment. Using the above forecasting 

,&, 
fonnula you may project the total costs for different levels of enroYment as shown in the following. 
table. 

Table: 21.1: A Total Cost Simulation 

Further, you may be interested to find out what will be the average cost per student if the following 
formula is applied. 

Nunzber of 
Students 

loo0 

5000 
loo00 

15000 
20000 
25000 
30000 

r3 

Fixed Cost 
fRs.) 

6oo,~,000 
~ , ~ y o o O  
~ , @ , O o Q  
600,00,000 
600,00,000 

~ , ~ , o o O  

600,00y000 

Variable Cost 
Per Student (Rs.) . 

"500 
500 
500 
500 
500 
500 

5 0  

Total Cost 
{Rs. irz lakhs) 

605,00,ooo 
625,00,000 
650,00,000 
675,00,000 
700,000,OQ 

725,00,000 

750,00,000 

Average Cost Per 
Student (Rs.) 

60500 
12500 

G500 
4500 
3500 
2900 

2500 



268 Public Policy and Analysis 

Where AC = Average Cost 

With these simulations as apolicy analyst you may understand that withmarginal costs per student 
you are able to achieve greater economies of scale for additional enrolments. You may conclude 
that higher level of enrolments in distance education will result in higher level of cost efficiency. 

21.3.2 Reasons for Using Simulation 

Simulation is one of the most frequently used techniques for management decisions. Linear 
programming problems, input-output analysis, cost-benefit analysis, and forecasting techniques 
are some of theexamples of using simulation. While conducting cost-benefit analysis or solving a 
linear programming,problem, the policy-analyst may try to explore different policy alternatives 
incorporating different perceptions and attitudes about risk and uncertainty. Here, the policy 
analyst's goal is to clarify the issues and put forward the consequences of a variety of alternatives. 
This will help the decision makers to choose one of the alternatives that match their values and 
objectives. 

Generally, simulation is used in conditions where mathematical formulation and solution by the use 
of models are not feasible. Simulation has been used in numerous decision-making problems, 
ranging from inventory and queuing management to energy policy modelling. Also, simulations are 
used to analyse large and complex real world situations that cannot be solved by collventional 
mathematical models. Another advantage of simulation is+that it is possible to experiment og a 
system withbut exposing the organisation to red world dangers. By exploring the changes in a real 
worldsystem through simulation you can learn how to improve the system without ttying both bad 
and goodproposals on hand. 

The decision maker's past experience andintuition are significant factors for successfuI decisions. 
Often they have to manage complex systems. Simulation aids the policy decision makers past 
experience and intuition that ultimately may result in a successful decision. 

21.3.3 Limitations of Simulation 

In spite of several advantag6s of simulation, there are some limitations in using simulation for 
decision making. Some of the drawbacks are: 

I 

e Simulation by itself does not provide the answer to a problem. It only provides a technique 
for evaluating possible answers. 

e Simulations do not generate optimal solutions like other mathernatical models.. It is only a trial 4 

and eiror approach that may produce different solutions. 

e The simulation for probabilistic systems% Susceptible to sampling error. a 

e The development of a large sim~lation model can be expensive and can take longer time. For 
example, it takes years to develop a good corporate planning model. 

21.3.4 Computer Simulation 

With the advent of computers, simulation models are yidely used to gain information useful for 
decision-making. Computer spreadsheet software like MicrosofttExcel and Lotus 1-2-3 are used, 

' I 

for fmancial simulations. The power of these spreadsheets is to do "what if' analysis. The spreadsheets , 
also have a random nurhber generator that supports probabilistic simulations. We will give (section 
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2 1.3.5) an example of simulation used in hancial planning to illustrate the potential of a spreadsheet 
for conducting simulations. 

A number of general-purpose comp-ilter languages, such as, FORTRAN, BASIC, PASCAL, 
PLl1, and C1Ci-t- are used for computer simulations. $ addition alarge number of special purpose 
simulation languages have been developed. The most popular among them are GPSS, SLAM and 
GEMS. All these programmes are used to simulate queuing systems. IFPS is another special 
purpose language suited for financial applications, but can also be used for other applications. The 
artificial languages LISP and PROLOG are the special purpose languages used to develop expert 
systems that simulate decision-making. 

A computer programmer can use either a general purpose or special purpose computer language. 
However, general-purpose I anguages have certain advantages. General-purpose comp~~ter languages 
allow more fIexibility in describing a simulationmodel. Maximum flexibility is allowed in terms of 
type gf experiments that can be conducted. 

The special purpose simulation languages also llave some advantages. They reduce the programming 
time and effort. They provide conceptual guidance in formulating a model, describing a modelled 
system and analysing the sysfem. The special purpose simulation languages also have some 
disadvantages. They have inherent limiting structures and, therefore, are not flexible. For example, 
a language developed for financial planning may not be suitable for some other application. 

21.3.5 Some Applications of Computer Simulations in Public Policy 

There are numerous areas and problems where computer simulations have been used successfully. 
To give you some understanding on how the simulation has beenused in decision-making process, 
we will illustrate some examples in public policy. 

Simulation Using Spreadsheet . , 

Spreadsheet software programmes like Microsoft Excel and Lotus 1-2-3 are not exclusively 
developed for simulation. But you can use the special features of these packages to conduct 
financial simulations. Many of the features are common to both tliese packages. Since Microsoft 
Excel is widely used in India, we illustrate our example in Microsoft ~ ~ c e l .  ir 

A spreadsheet consists ofrows and columns. At the intersection of each column and row you have 
a cell. A cell is used to enter data and formulae. Each cell is addressed by its columl label 
(A,B,C,D, etc.) and row number (1,2,3,4, etc.). For example, cell B5 indicates column B and row 

I , '  J 2 i .  if 1 7 - @  K 

L3 & @ & a  &&? J4 B@,-b 0- zrh;:. @'@Iw~L - Q v  
- l o  - JU P 16 u ; ~ ,  U;F~ ~ E % P  "-a.h.,* a 

C5 .I & SUM(A6434) 
--7 

A B D i E - .  F G H . . I  . J : K  L-4 ncome Cast P d d  -.., 
1m . 50 5a I 
150 60 90 I 
2m 75 i 

i 
i 
I 
i 

1 
I 
I 
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5. Formulae are entered to perform a range of arithmetic calculations. For example, 
=SUM(A4+B4) means the sun1 of two numbers located in cells A4 and B4. 

The power of these spreadsl~eets is to do 'what-if' analysis. For example, suppose you are 
involved in the preparation of a budget of a state government. In the process you are interested to 
know how much revenue ;an be generated through sales tax on petrol. Suppose, the current sales 
tax is 30 per cent of the cost ofpetrol and it is likely that there will not be any change in the sales 
tax in the coming budget. There are two ways you can expect additional revenue through this tax. 
These are if and only if either cost of petrol or unit sales ofpetrol or both increases. However, you 
may not exactly know how much these two units increase and want to experiment with different 
rates. T h s  can be done using the spreadsheet and conducting 'what-if' analysis. This is presented 
in the following figure. 

9 @ W ~ s w  [nwrt -mat ~ O O I ~  ~ t a  , - , @  

p & ~ d q & f i ~  , X I %  -9 a z  . $v $1 &/&-Jioo% 0 -  
6r 

Arid . l o  7 B 1 U $ % ,  :dkX f *@ T & - $ M v -  

F17 & ---- --- -.-- ---------.- --.-.-. 
a -. B c . D E - - - E l  

1 Assurnpt~ons 
2 Petrol sales increases by 2%. 5%, 7:5%. 10% 
3 Petral cost Increases by 5%, 10% 15%.2D% 
4 Current year unlt sales on ltres) = 100.000.[300 
5 Current unit cost @s.flrIre) = Rs 25 
6 
7 Patrol salws incrsasss by Cunent  - 2% 5% 7 50% 10% 
8 Petrol cosl increases by Current 5% 10% 15% 20% 
-9 .Petrol sales (litres) l a o p w , ~ l w  IO~,ONI,WD IE,~D,OW 107,5m,wo 110,0a~,000 
ID Petrol unrl cost @s.ilitn] 25.00 26.25 27.50 28.75 30 00 
11 Petrol unrl cost ~ncluding sales tax 30% (Rs /Illre) 32.50 34.13 ' 35.75 37 38 39 00 
12 Petrol sales including sales-tax {Rs.] 3 . 2 5 0 , 0 ~ , ~  3,480.750,~~~ 3,7~,7~~1.000 4.017.012,500 ~BD.II~U,~O 
13 Petrol sales exclud~ng sales-tarfRs ) 2,a0,11m,m 2,67ig~~,a111 2@~,9oop00 3,~e~.63,1mo ~ , x I o . u ~ . ~ o  
14 Revenue (Rs 1 750.11~1,~io E ~ ~ ~ I J , D ~ C I  m,~of lm 9 ~ . 1 ~ , 5 0 0  990.11a3.~0 
15 

a 
16 

I 

The likely scenario of revenue through sales tax is also presented in the above Figure. You may 
also be interested to see a dikerent scenario like absencd of increase in the cost ofpetrol or sales 
volume or a different rate of sales (or cost) increase (or decrease). This will take less than a minute 
to see the new esimates. It is very easy to perform 'what-if' analysis using spreadsheets. 

~irnula'tion Using a Special Purpose Language 

A special purpose simulation language called SIMSCRIPT was developed by the New York 
City-Rand Institute (Grace Carter, 1974) to optimise the development of fire fighting units. The 
decision variables here include how many fire-fighting units are required to 'operate, where to 
deploy them, and how to dispatch them. The SIMSCRIPT language uses three programmes, 
namely, (a) incident generator, (b) simulator, and (c) compares. The 'incident generator7 creates 
a data file on the sequence of a l m s .  For each alarm the data continues when and where the alarm 
occurs, what type of fire fighting equipment is required, and how long the equipment is required. 
The 'sirnulator' is the model defined by the 'incident genelator'. The model captures the information 
on dispatch of vehicles, servicing, and retuning to the fire station to await the next call. Finally, the 
third programme 'compares' the information generated by the simulator alarm-by-alarm basis on 
the assumption of number of fire stations, their locations, and dispatch rules. 

The above model was used by David and Thomas (1977) to analyse the f re  suppression system 
of Denver, Colorado. The simulation analysis peifomed xecommended areduction of th6 number 
of fire fighting stations eon1 44 to 39. This includes closing down obsolete stations and building 
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better ones at new locations. The recommendations resulted in annual cost avoidance of $1.2 
 nill lions and accu~nulated net cost reduction of about $2.3 millions over a 7-year period. 

D 

21.4 CONCLUSION 

This Unit introduced a number of methods forconcluctings~~~-veys used frequently in policy analysis. 
You have learned the differences between cross-sectional surveys and longitudinal surveys. The 
Unit attempted to answer questions, such as, What is a sample and population? Why samples 
should be drawn in such a way that they represent all the characteristics of the popplation'? What 
are the considerations in deciding a sample size? 

Four methods of survey are discussed. These are: In-person interview, Telephone survey, Mail 
survey, and Internet survey. Each rnethod has its own advantages and disadvantages. After going 
through this Unit, you should by now confident of choosing any of the methods sulta6le for your 

Survey. These days the  nailed survey and Internet survey are gaining much importance beca~lse of 
their cost-effectiveness, time saving, and advancements in the application ofinfo1111ation technology. 

The questionnaire-design is another important aspect of any survey. Some guidelines are provided 
in designing questionnaires that will be helpful in improving the response rates. 

The sampling methods can be classified into: probability sampling and non-probability satnpli~zg 
methods. The probability sampling methods are based on the equal chance of each populatiofi unit , 
getting included in a sample. The non-probability methods are not in support of representative 
samples, but they ar~often used because of their convehience and there is no other way of selecting 
a sample for conducting a survey. 

v * 

h this Unit, you hav&earned what is simulation, and why do you need simulation in pdicy decisions. 
'1n additive an analysis of advantages and drawbacks of simulation is also provided. These will help 
you to understand before actually using simulation. Two typical examples are given to provide a ,  
conceptual framework for simulation models. You can either use the general-purpose computer 
languages like FORTRAN, Pascal, CIC++, etc. or special purpose simulation languages like GPSS, 
SLeM, GEMS, SIMSCRIPT, etc. However, each one of them has it's own advantages and 

. disadvantages. I, 

21.5. KEY CONCEPTS * 

H" + 

Cluster Sampling : We divide the population into groups called clusters and then 
select sample units randomly fro~n one or more clusters. This 
method is also called two-stage sampling. 

Cohort Studies : Cohost studies focus on the same population over a period of 
time, but the difference is that the samples are drawn from the 
same group, which has experienced an event or participated 
in a programhe. 

i 

Convenient Sampling : In this method of non-probability sampling, the sample  nits 
are selected according to the convenience of the researched 
interviewer. 

Judgment Sampling : In this non-probability sampling method the samples are 
seltcted according to an expe~'s/sesearcheris judgment, which 
perceives that the sample units have all the characteristics of 
the populatian of the universe. 
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Longitudinal Surveys : Longitudinal surveys are used to collect data on a population 
or sub-groups over a period of time. 

* Multi-stage Sampling : This probability sampling method is an extension of cluster 
sampling where these are more than two stages. 

Questionnaire : Apse-designed format of questions used for collecting data 
Q in survey research. , 

Quota Sampling : + 111 this non-probability sampling method the sample units are 
selected according to some quotas after groupiilg of the 
population units based on characterfstics, such as, age, sex, 
region, income, education, etc. 

Random Sample ' : An ~mbiased sample that consists of all the characteristics of a 
population of the universe. 

Sample : *A sample that represents all the chasacteristics of the population 
of a universe. 

Simple Random Sampling : A probabil ity sampling method where each unit of population 
"has equal chance of inclusion in the sample. 

Simulation : Sinlulation is amethod of solving dec&ion-making problerns 
by developing mathematical models and then conducting a 
series of experiments to predict the behaviour of interacting 
variables. . a '  

Stratified Sampling : In Lhis sampling method, the heterogeneous population is a 

* stratified to make homogeneous grorlps (stratums) for the 
pu~pbse of sampling. e 

Systematic Sampling : In this probability sampling method the sainple units are e 

selecteh at equal intervals in terms of time, space, w order 
provided that the first sample unit is selected at Andom from 

1 

OI 
the fii-st k (interval) units of population. 

* 
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I ) When are si~nulation ~nodels are more appropriate tl2ar-1 optiinisation models? Discuss. 

2) Discuss the advantages and disadvantages of general-purposeco~nputer languages and special 
lmipose simulation languages for conducting simullations. 

3) Consider the following total revenue function: 

R=45-0.5Q2 where R is the total revenue and. Q is the Quantity sold. . 

a) Using optimisation concept (discussed in Unit22) lind out the val~ie of Q that 111aximises R. 

17) Snppose yo11 do not know the differential calculus, how do you solve the above problem- 
using a computer? Explain the mode of analysis perforined. 

4) Discuss the  differences between trend studies, cohort studies, and panel studies with suitable 
exalnpjes of policy analysis. Whatsire the Ii~nitations of panel studies? 

5) Discuss the ~nerits and drawbacks of various methods of survey. Wily are rnailecl surveys 
and Internet surveys gaining ilnportance thesedays? 

6 )  Why are probability-sampling methods preferred to non-probability sampling methods? 
Discuss. 

7) What are the issues that yo11 consider while designing a questionnaire? Is it important to have 
a larger sample size? Discuss. 
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