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Abstract 
In industrial sector various types of recruitments are done with the help of various using various 
selection tests. Each candidate has to face these tests. These tests may be informed of written 
test, physical test, interviews, etc. Now days industries uses these tests and select the candidate. 
According to the nature of the job the tests are used by the industries. Employee has to do the 
work with the mental and physical sound mind. For the checking quality, skill, mental ability, 
physical ability  of the employee these tests are used. After getting the result of the tests then 
candidates are selected by the industries. Each and every candidate has idea about these types of 
tests. But how these tests are used by the industries? This idea they didn’t get easily. This 
research paper focuses on various selection tests used by the industrial sector. For which type of 
the job which test will be used by the industries? It is discussed in this research paper. This 
research paper gives origin of the selection tests, Uses of the tests, Types of the selection tests 
used by the industries,  analysis of the tests, validation of the tests, etc.  
 

 
Introduction 
In industrial sector there are various types of 
work doing. For doing that type of work 
employees as well as officers are suffering 
mental, emotional or physical stress. For 
analysis these types of stress various types 
of tests are used. These tests are used for 
analyzing various reasons of stress and it 
also gives us solutions for minimize the 
stress 
Industrial/organizational psychology is the 
application or extension of psychological 
methods and principles to the solution of 
organizational and workplace problems. 
Most commonly, psychology is concerned 
with those problems caused by human 
performance and those which affect human 
performance within organizational contexts. 
Specifically, this entails, among other 
things, 
 I/0 psychologists employ psychological 
measurement and research findings related 
to human abilities, motivation, perception, 
and learning in seeking to improve the fit 
between the needs of the work organization 
and those of the people who populate it. 

Normally training in I/O psychology 
requires a master's degree or Ph.D. 
Practitioners may also be affiliated with one 
or more professional associations for the 
field. The Society for Industrial-
Organizational Psychology (STOP), the 
major professional organization which 
represents psychologists and a division of 
the American Psychological Association, 
had about 2,000 members as of 1999. 
Origin 
I/O psychology has its roots in the late 19th 
century movement to study and measure 
human capabilities and motives. In response 
to the urging of some advertising executives, 
one such early psychologist, Walter Dill 
Scott, The Theory of Advertising (1903), 
generally considered to be the first book 
linking psychology and the business world. 
When the United States entered World War 
I in 1917, applied psychology truly came 
into its own. Committees of psychologists 
investigated soldier morale, motivation, and 
the prevalence of psychological impairment. 
Moreover, psychologists developed a group-
administered intelligence test called the 
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Army Alpha. While 1,726,000 enlisted men 
and officers were tested, little use was made 
of the results at the time since the war ended 
a mere three months after the testing 
program was authorized. However, research 
studies did show that the test scores were 
related to soldier performance. 
After the war, in 1919, the first university-
based center for studying the applications of 
psychology to business was established at 
the Carnegie Institute of Technology. Called 
the U.S. Bureau of Salesmanship Research, 
it was funded largely by the life insurance 
industry for the purpose of conducting 
research for the selection and development 
of clerical and executive personnel as well 
as sales people. 
Uses of psychological tests 

1. Job Analysis 
2. Criterion Development 
3. Performance Evaluation 
4. Personal Selection 
5. Personal Interview 
6. Paper and pencil Tests and 

Questionnaires 
7. Work sample, Simulation and 

Assessment  
8. Letters of Recommendation 
9. Recruitment 
10.  Training 
Selection Tests 

There are a variety of selection tests. They 
range from unstructured interviews to 
structured personality tests. The main goal 
of these tests is to predict job performance. 
Each test has its own relative strengths and 
weaknesses in this regard. Recruitment and 
selection tests are only part of the selection 
process and you will still be asked to 
complete an application form, send in a copy 
of your resume and attend at least one 
interview. All of these things will tell the 
employer something about you and help 
them to choose the most appropriate 
candidate for the vacancy. 
Types of Selection Tests 

1. Job Interview 
A very commonly employed 
selection test is a job interview. Job 
interviews can be structured 
interview or unstructured interview.  
a)  unstructured interview, 

In unstructured interview the 
interviewer engages in dialogue 
with the interviewee that does 
not follow a predetermined 
format, questions may vary 
from applicant to applicant, and 
there is usually no standardized 
scoring method. Consequently, 
validitating this technique as a 
job performance predictor is 
quite difficult (One applicant 
may have the opportunity to 
respond favorably to a question 
that was not asked of another or 
vice versa).  

b) structured interview 
 in a  structured interview all 
applicants are judged on 
responses to the same questions 
asked in the same format. 
Structured interviews provide 
for more reliable and consistent 
scoring results. 

2. Personality Tests 
Another tool used for selection 
is personality testing. Many 
personality tests now employ the five 
factor model of personality (FFM). 
These factors are conscientiousness, 
extraversion, neuroticism, 
agreeableness, and openness. A short 
description of each factor is listed 
below: 

           ●    Neuroticism: a tendency to 
easily experience unpleasant emotions 
          ●   Extraversion: a tendency to 
seek stimulation and the company of 
others 
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          ● Agreeableness: a tendency to 
be compassionate rather than 
antagonistic about others 
           ●  Conscientiousness: a tendency 

to show self-discipline, act dutiful, 
and aim for achievement and 
competence 

           ● Openness to experience: a 
tendency to enjoy new intellectual 
experiences and ideas 

Of all the factors, conscientiousness has 
been found to positively correlate most with 
job performance ratings.  This factor is 

highly related to self-discipline, attention to 
detail, and organization. 

3. Aptitude and ability tests  
Aptitude and ability tests are 
designed to assess your intellectual 
performance. These types of test can 
be broadly classified onto the groups 
shown and you may be asked to sit a 
test which consists only of 
‘numerical’ questions or these may 
form part of a test which consists of 
questions of different types. 

 

 
 This will depend very much on the job you 
are applying for. For example, jobs that 
require you to handle figures on a day to day 
basis may have a higher proportion 
of numerical reasoning questions, whereas 
tests used for information technology jobs 
tend to have a higher proportion of abstract 
reasoning questions. 
 

4. Mental ability tests 
Mental ability tests measure 
intelligence and are the best 
predictor job performance in all jobs 
and all organizations 
a) Crystalized Intelligence relates 

to the ability of a person to use 
prior knowledge through learned 
processes to solve problems.  

b) Fluid Intelligence relates to a 
person's ability to solve a new 
problem utilizing novel or 
unlearned strategies. Employers 

employ both types of intelligence 
testing for varying job demands.           

c)  Emotional intelligence is used 
to predict job performance. This 
information is gained through 
emotional intelligence testing. 
Emotional intelligence is the 
ability to recognized and control 
the emotions of oneself and 
others. This is a relatively new 
are being studied for predicting 
job satisfaction. 

5. Bio data Technique 
The next testing technique is the bio 
data technique. Bio data uses 
personal background information to 
predict job performance. The type of 
information is job history, family 
history, gender, and things of that 
sort. These factors are then derived 
empirically instead of theoretically 
like other selection tests. 

6. Psychomotor ability tests. 
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An area of selection testing that 
relates to motor skills 
are psychomotor ability tests. These 
tests measure fine motor skills and 
hand-eye coordination. These skills 
are important in jobs like carpentry 
where the worker needs to have 
control over a hammer to hit a small 
nail. Unlike psychomotor ability 
tests, physical ability tests measure 
gross motor skills, such as lifting and 
running. These skills are important in 
jobs like construction where strength 
is an important aspect. 

7.  Work Sample 
Another selection test technique is 
taking a work sample of an 
applicant. During a work sample, an 
applicant completes a realistic job 
task. These tasks are highly realistic 
and are supposed to simulate the 
actual job one is applying for. One 
example of a work sample is a 
drivers test. During a drivers test 
simulates realistic driving. The goal 
is to assess how well an applicant 
can perform the tasks, or how well 
an applicant can learn the task. 

8. Assessment centers. 
Tasks are also performed when an 
employee or applicant visits 
an assessment centers. These centers 
are used to assess applicants 
potential for high-level jobs. The 
testing takes multiple days and is 
costly to the organization providing 
the assessment and that is why it is 
seldom used for jobs other then those 
of high-level. The assessment 
consists of a battery of psychological 
tests.  
a) One example of a psychological 

test given is the leaderless group 
exercise, where a group is given 
a task to complete without a 
leader this task is testing if any of 

the applicants will take the role 
of leader, thus showing 
leadership skills. 

b)  Another exercise completed at 
an assessment center is a role-
playing exercise. In these 
exercises applicants are asked to 
take a role in a job-related 
situation in order to study how 
well the applicants handle the 
situation.  

c) Another example of a 
psychological test is the in-
basket exercise. In this exercise, 
applicants have a number of jobs 
in a "basket" that need to be 
completed in an allotted time. 
Each job has requirements in 
order to complete and they take a 
certain set amount of time to 
complete. This tests the 
organizational ability of 
applicants, how well applicants 
work together, leadership, among 
other things. 

9. Situational Judgment Test. 
Like the role playing task in 
assessment centers, another selection 
test is the situational judgment test. 
This test is a paper and pencil test 
where a participant is presented with 
a hypothetical situation and asked to 
write what they would do in that 
situation. 

10.  Job Knowledge Test 
Unlike hypothetical situations, often, 
jobs require knowledge of the job. 
The job knowledge test is used for 
that purpose. These tests measure 
how much knowledge a person has 
in the field they want to work in. An 
example of this is the State Medical 
Board test that needs to be taken 
before a person can practice 
medicine in a state. Another example 
are certification tests, such as the A+ 
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Certification test for people who 
wish to show they have basic 
hardware and software computer 
knowledge. 

11. vocational interest tests 
Often times, people need help 
making decisions about their 
career. Occupational counselors 
use vocational interest tests in order 
to help guide career decisions. These 
tests measure different occupational 
interests. 

12.  Mental Illness Test 
The last type of selection test is tests 
of mental illness. These tests 
measure if a person has a mental 
illness. However, due to 
the American's with Disabilities 
Act(ADA) they are illegal to give to 
job applicants. This is because it 
mental illness is considered a 
disability, and even if a person has 

one, it does not mean they cannot 
perform the job. If they can perform 
the job, then, in spite of their 
disability, the ADA protects them. 
Although, in some jobs mental 
illness can not be tolerated. This is 
because these jobs have interest in 
public welfare. One example of a job 
which where public welfare is at risk 
is a job as a police officer. 

Analysis Of Selection Tests 
Whichever type of test you are given, the 
questions are almost always presented in 
multiple-choice format and have definite 
correct and incorrect answers. As you 
proceed through the test, the questions may 
become more difficult and you will usually 
find that there are more questions than you 
can comfortably complete in the time 
allowed. Very few people manage to finish 
these tests and the object is simply to give as 
many correct answers as you can. 

  
  

 
 
Your test score is then compared with the 
results of a control group which has taken 
the tests in the past. This control group 
could consist of other graduates, current job 
holders or a sample of the population as a 
whole. Your reasoning skills can then be 
assessed in relation to this control group and 
judgments made about your ability. 
Remember, recruitment and selection tests 
are only part of the overall assessment 
procedure. Employers will use them 
alongside interviews, application forms, 

academic results and other selection 
methods, so your test result  won't be the 
only information looked at. 
Validating Employee Selection Tests 
In order to use a selection test with 
confidence it must be validated. This 
validation process is important because it 
builds validity and reliability for using the 
test for a specific job. For example, if a fast 
food restaurant called Gopher Burger creates 
a selection test for employees by putting 
together a series of questions like "What is 
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your favorite color?" it would have no basis 
for job performance theoretically nor 
empirically. 
In order to establish validity in the select 
tests first, a job analysis must be conducted. 
A job analysis is a study that is used to 
determine the important tasks and skills 
needed for a specific job. In our example 
about Gopher Burger, the test creators 
would start brain storming about what skills 
a cook needs in the restaurant, such as 
manual dexterity for flipping the burgers, 
keen memory for remembering what goes on 
the burgers, and speed to make the food 
quickly. 
The next step is to create a rudimentary test 
from the job analysis. These tests should 

then be administered to the employees or 
applicants. Then, predictive and concurrent 
validation would be calculated. The 
measures for the validation studies would be 
gotten from ratings (subjective measures) 
or objective measures. In Gopher Burger, an 
example of an objective measure would be 
the number of burgers the applicant can 
make it an hour; whereas, ratings can be 
gained from a supervisors observation of the 
applicant. 
After the validation studies are complete, the 
test should be revised until validity and 
reliability are statistically significant in 
order to accurately predict job performance 
from the test. 
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Abstract 
In industrial sector various types of recruitments are done with the help of various using various 
selection tests. Each candidate has to face these tests. These tests may be informed of written 
test, physical test, interviews, etc. Now days industries uses these tests and select the candidate. 
According to the nature of the job the tests are used by the industries. Employee has to do the 
work with the mental and physical sound mind. For the checking quality, skill, mental ability, 
physical ability  of the employee these tests are used. After getting the result of the tests then 
candidates are selected by the industries. Each and every candidate has idea about these types of 
tests. But how these tests are used by the industries? This idea they didn’t get easily. This 
research paper focuses on various selection tests used by the industrial sector. For which type of 
the job which test will be used by the industries? It is discussed in this research paper. This 
research paper gives origin of the selection tests, Uses of the tests, Types of the selection tests 
used by the industries,  analysis of the tests, validation of the tests, etc.  
 

 
Introduction 
In industrial sector there are various types of 
work doing. For doing that type of work 
employees as well as officers are suffering 
mental, emotional or physical stress. For 
analysis these types of stress various types 
of tests are used. These tests are used for 
analyzing various reasons of stress and it 
also gives us solutions for minimize the 
stress 
Industrial/organizational psychology is the 
application or extension of psychological 
methods and principles to the solution of 
organizational and workplace problems. 
Most commonly, psychology is concerned 
with those problems caused by human 
performance and those which affect human 
performance within organizational contexts. 
Specifically, this entails, among other 
things, 
 I/0 psychologists employ psychological 
measurement and research findings related 
to human abilities, motivation, perception, 
and learning in seeking to improve the fit 
between the needs of the work organization 
and those of the people who populate it. 
Normally training in I/O psychology 
requires a master's degree or Ph.D. 

Practitioners may also be affiliated with one 
or more professional associations for the 
field. The Society for Industrial-
Organizational Psychology (STOP), the 
major professional organization which 
represents psychologists and a division of 
the American Psychological Association, 
had about 2,000 members as of 1999. 
Origin 
I/O psychology has its roots in the late 19th 
century movement to study and measure 
human capabilities and motives. In response 
to the urging of some advertising executives, 
one such early psychologist, Walter Dill 
Scott, The Theory of Advertising (1903), 
generally considered to be the first book 
linking psychology and the business world. 
When the United States entered World War 
I in 1917, applied psychology truly came 
into its own. Committees of psychologists 
investigated soldier morale, motivation, and 
the prevalence of psychological impairment. 
Moreover, psychologists developed a group-
administered intelligence test called the 
Army Alpha. While 1,726,000 enlisted men 
and officers were tested, little use was made 
of the results at the time since the war ended 
a mere three months after the testing 
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program was authorized. However, research 
studies did show that the test scores were 
related to soldier performance. 
After the war, in 1919, the first university-
based center for studying the applications of 
psychology to business was established at 
the Carnegie Institute of Technology. Called 
the U.S. Bureau of Salesmanship Research, 
it was funded largely by the life insurance 
industry for the purpose of conducting 
research for the selection and development 
of clerical and executive personnel as well 
as sales people. 
Uses of psychological tests 

1. Job Analysis 
2. Criterion Development 
3. Performance Evaluation 
4. Personal Selection 
5. Personal Interview 
6. Paper and pencil Tests and 

Questionnaires 
7. Work sample, Simulation and 

Assessment  
8. Letters of Recommendation 
9. Recruitment 
10.  Training 
Selection Tests 

There are a variety of selection tests. They 
range from unstructured interviews to 
structured personality tests. The main goal 
of these tests is to predict job performance. 
Each test has its own relative strengths and 
weaknesses in this regard. Recruitment and 
selection tests are only part of the selection 
process and you will still be asked to 
complete an application form, send in a copy 
of your resume and attend at least one 
interview. All of these things will tell the 
employer something about you and help 
them to choose the most appropriate 
candidate for the vacancy. 
Types of Selection Tests 

1. Job Interview 
A very commonly employed 
selection test is a job interview. Job 

interviews can be structured 
interview or unstructured interview.  
a)  unstructured interview, 

In unstructured interview the 
interviewer engages in dialogue 
with the interviewee that does 
not follow a predetermined 
format, questions may vary 
from applicant to applicant, and 
there is usually no standardized 
scoring method. Consequently, 
validitating this technique as a 
job performance predictor is 
quite difficult (One applicant 
may have the opportunity to 
respond favorably to a question 
that was not asked of another or 
vice versa).  

b) structured interview 
 in a  structured interview all 
applicants are judged on 
responses to the same questions 
asked in the same format. 
Structured interviews provide 
for more reliable and consistent 
scoring results. 

2. Personality Tests 
Another tool used for selection 
is personality testing. Many 
personality tests now employ the five 
factor model of personality (FFM). 
These factors are conscientiousness, 
extraversion, neuroticism, 
agreeableness, and openness. A short 
description of each factor is listed 
below: 

           ●    Neuroticism: a tendency to 
easily experience unpleasant emotions 
          ●   Extraversion: a tendency to 
seek stimulation and the company of 
others 
          ● Agreeableness: a tendency to 
be compassionate rather than 
antagonistic about others 
           ●  Conscientiousness: a tendency 

to show self-discipline, act dutiful, 
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and aim for achievement and 
competence 

           ● Openness to experience: a 
tendency to enjoy new intellectual 
experiences and ideas 

Of all the factors, conscientiousness has 
been found to positively correlate most with 
job performance ratings.  This factor is 
highly related to self-discipline, attention to 
detail, and organization. 

3. Aptitude and ability tests  
Aptitude and ability tests are 
designed to assess your intellectual 
performance. These types of test can 
be broadly classified onto the groups 
shown and you may be asked to sit a 
test which consists only of 
‘numerical’ questions or these may 
form part of a test which consists of 
questions of different types. 

 

 
 This will depend very much on the job you 
are applying for. For example, jobs that 
require you to handle figures on a day to day 
basis may have a higher proportion 
of numerical reasoning questions, whereas 
tests used for information technology jobs 
tend to have a higher proportion of abstract 
reasoning questions. 
 

4. Mental ability tests 
Mental ability tests measure 
intelligence and are the best 
predictor job performance in all jobs 
and all organizations 
a) Crystalized Intelligence relates 

to the ability of a person to use 
prior knowledge through learned 
processes to solve problems.  

b) Fluid Intelligence relates to a 
person's ability to solve a new 
problem utilizing novel or 
unlearned strategies. Employers 
employ both types of intelligence 
testing for varying job demands.           

c)  Emotional intelligence is used 
to predict job performance. This 

information is gained through 
emotional intelligence testing. 
Emotional intelligence is the 
ability to recognized and control 
the emotions of oneself and 
others. This is a relatively new 
are being studied for predicting 
job satisfaction. 

5. Bio data Technique 
The next testing technique is the bio 
data technique. Bio data uses 
personal background information to 
predict job performance. The type of 
information is job history, family 
history, gender, and things of that 
sort. These factors are then derived 
empirically instead of theoretically 
like other selection tests. 

6. Psychomotor ability tests. 
An area of selection testing that 
relates to motor skills 
are psychomotor ability tests. These 
tests measure fine motor skills and 
hand-eye coordination. These skills 
are important in jobs like carpentry 
where the worker needs to have 
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control over a hammer to hit a small 
nail. Unlike psychomotor ability 
tests, physical ability tests measure 
gross motor skills, such as lifting and 
running. These skills are important in 
jobs like construction where strength 
is an important aspect. 

7.  Work Sample 
Another selection test technique is 
taking a work sample of an 
applicant. During a work sample, an 
applicant completes a realistic job 
task. These tasks are highly realistic 
and are supposed to simulate the 
actual job one is applying for. One 
example of a work sample is a 
drivers test. During a drivers test 
simulates realistic driving. The goal 
is to assess how well an applicant 
can perform the tasks, or how well 
an applicant can learn the task. 

8. Assessment centers. 
Tasks are also performed when an 
employee or applicant visits 
an assessment centers. These centers 
are used to assess applicants 
potential for high-level jobs. The 
testing takes multiple days and is 
costly to the organization providing 
the assessment and that is why it is 
seldom used for jobs other then those 
of high-level. The assessment 
consists of a battery of psychological 
tests.  
a) One example of a psychological 

test given is the leaderless group 
exercise, where a group is given 
a task to complete without a 
leader this task is testing if any of 
the applicants will take the role 
of leader, thus showing 
leadership skills. 

b)  Another exercise completed at 
an assessment center is a role-
playing exercise. In these 
exercises applicants are asked to 

take a role in a job-related 
situation in order to study how 
well the applicants handle the 
situation.  

c) Another example of a 
psychological test is the in-
basket exercise. In this exercise, 
applicants have a number of jobs 
in a "basket" that need to be 
completed in an allotted time. 
Each job has requirements in 
order to complete and they take a 
certain set amount of time to 
complete. This tests the 
organizational ability of 
applicants, how well applicants 
work together, leadership, among 
other things. 

9. Situational Judgment Test. 
Like the role playing task in 
assessment centers, another selection 
test is the situational judgment test. 
This test is a paper and pencil test 
where a participant is presented with 
a hypothetical situation and asked to 
write what they would do in that 
situation. 

10.  Job Knowledge Test 
Unlike hypothetical situations, often, 
jobs require knowledge of the job. 
The job knowledge test is used for 
that purpose. These tests measure 
how much knowledge a person has 
in the field they want to work in. An 
example of this is the State Medical 
Board test that needs to be taken 
before a person can practice 
medicine in a state. Another example 
are certification tests, such as the A+ 
Certification test for people who 
wish to show they have basic 
hardware and software computer 
knowledge. 

11. vocational interest tests 
Often times, people need help 
making decisions about their 
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career. Occupational counselors 
use vocational interest tests in order 
to help guide career decisions. These 
tests measure different occupational 
interests. 

12.  Mental Illness Test 
The last type of selection test is tests 
of mental illness. These tests 
measure if a person has a mental 
illness. However, due to 
the American's with Disabilities 
Act(ADA) they are illegal to give to 
job applicants. This is because it 
mental illness is considered a 
disability, and even if a person has 
one, it does not mean they cannot 
perform the job. If they can perform 
the job, then, in spite of their 
disability, the ADA protects them. 

Although, in some jobs mental 
illness can not be tolerated. This is 
because these jobs have interest in 
public welfare. One example of a job 
which where public welfare is at risk 
is a job as a police officer. 

Analysis Of Selection Tests 
Whichever type of test you are given, the 
questions are almost always presented in 
multiple-choice format and have definite 
correct and incorrect answers. As you 
proceed through the test, the questions may 
become more difficult and you will usually 
find that there are more questions than you 
can comfortably complete in the time 
allowed. Very few people manage to finish 
these tests and the object is simply to give as 
many correct answers as you can. 

  
  

 
 
Your test score is then compared with the 
results of a control group which has taken 
the tests in the past. This control group 
could consist of other graduates, current job 
holders or a sample of the population as a 
whole. Your reasoning skills can then be 
assessed in relation to this control group and 
judgments made about your ability. 
Remember, recruitment and selection tests 
are only part of the overall assessment 
procedure. Employers will use them 
alongside interviews, application forms, 
academic results and other selection 
methods, so your test result  won't be the 
only information looked at. 

Validating Employee Selection Tests 
In order to use a selection test with 
confidence it must be validated. This 
validation process is important because it 
builds validity and reliability for using the 
test for a specific job. For example, if a fast 
food restaurant called Gopher Burger creates 
a selection test for employees by putting 
together a series of questions like "What is 
your favorite color?" it would have no basis 
for job performance theoretically nor 
empirically. 
In order to establish validity in the select 
tests first, a job analysis must be conducted. 
A job analysis is a study that is used to 
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determine the important tasks and skills 
needed for a specific job. In our example 
about Gopher Burger, the test creators 
would start brain storming about what skills 
a cook needs in the restaurant, such as 
manual dexterity for flipping the burgers, 
keen memory for remembering what goes on 
the burgers, and speed to make the food 
quickly. 
The next step is to create a rudimentary test 
from the job analysis. These tests should 
then be administered to the employees or 
applicants. Then, predictive and concurrent 
validation would be calculated. The 

measures for the validation studies would be 
gotten from ratings (subjective measures) 
or objective measures. In Gopher Burger, an 
example of an objective measure would be 
the number of burgers the applicant can 
make it an hour; whereas, ratings can be 
gained from a supervisors observation of the 
applicant. 
After the validation studies are complete, the 
test should be revised until validity and 
reliability are statistically significant in 
order to accurately predict job performance 
from the test. 
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Abstract

Leadership plays an important role in the process of business management. Leadership

envisages the idea of influence. Leadership is not domination. It is mutual relationship

based on reciprocity of leaders and lead. Without followers, leadership can’t exist. It is

activity of influencing people to make efforts for the attainment of certain common goals.

It is only the leadership of management that guides, inspires and directs organization

members for achieving common purposes. With good leadership comes goods

organization; and with good organization, there is successful operation. Leadership is a

human characteristic that lifts a man’s vision to higher sights. It arises a man’s

performance to higher standards and builds man’s personality beyond its normal

limitations. Leadership is a great quality and it can create and convert anything. It is an

important aspect of managing. It is the quality of leadership that usually determines the

failure or success of business enterprise.

Different types of leadership styles exist in work environments. Advantages and

disadvantages exist within each leadership style. The culture and goals of an

organization determine which leadership style fits the firm best. Some offices offer

several leadership styles within the organization, dependent upon the necessary

tasks to complete and departmental needs.

The Principal is part of a Divisional Administrative Team whose function is to support

and assist the schools in meeting the overall objectives of the Division and the needs of

individual students.

The role of the Principal is to provide leadership, direction and co-ordination within the

school. So he has to use various leadership styles for doing his day to day activities.

According to the nature of work, he will use the leadership styles. The styles of

leaderships and nature or duties of work of the principal are mentioned in the said paper.
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Introduction

The Principal is part of a Divisional

Administrative Team whose function is

to support and assist the schools in

meeting the overall objectives of the

Division and the needs of individual

students.

The role of the Principal is to provide

leadership, direction and co-ordination

within the school.

The Principal's main focus should be to

develop and maintain effective

educational programs within his/her

school and to promote the improvement

of teaching and learning with his/her

school. The Principal should strive to

create an organization and or climate

which foster student and teacher growth.

In fulfilling this role the Principal shall

work under the supervision of the

Superintendent of Schools and within

the provisions of the Public Schools Act,

the Department of Education and

Training regulations, and Board Policy.

Leadership style is the manner and

approach of providing direction,

implementing plans, and motivating

people. As seen by the employees, it

includes the total pattern of explicit

and implicit actions performed by their

leader (Newstrom, Davis, 1993).

The first major study of leadership

styles was performed in 1939 by Kurt

Lewin who led a group of researchers

to identify different styles of leadership

(Lewin, Lippit, White, 1939). This early

study has remained quite influential as

it established the three major

leadership styles: (U.S. Army, 1973):

Meaning

‘Leadership is one of the means of

direction. Leadership can induce the

subordinates to deliver their best

performance in achieving the fixed

organizational goals’.

Definitions

1. Alford and Batty

“Leadership is the ability to secure

desirable actions from the group of

followers voluntarily, without the use of

coercion.”

2. Koontz and O’Donnell

“Leadership is influencing people to

follow and to work willingly or the

advancement of a common goal.”

Hypothesis

1. Principal should be the good

team player and he has to work in

group.

2. Principal is the head of whole

school or college.
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Objectives

1. To understand duties of a

principal

2. To understand which leadership

style should a principal can use and

which leadership style can be more

effective to run the administration of a

school or college.

Leadership Styles

Leadership style means the behavior

pattern exhibited by a leader while

influencing the people. Leadership styles

are classified into three broad categories

on the basis of the use of power by the

leaders.

Authoritarian or Autocratic

Leadership

I want both of you to. . .

This style is used when leaders tell

their employees what they want done

and how they want it accomplished,

without getting the advice of their

followers. Some of the appropriate

conditions to use this style is when you

have all the information to solve the

problem, you are short on time,

and/or your employees are well

motivated.

Some people tend to think of this style

as a vehicle for yelling, using

demeaning language, and leading by

threats. This is not the authoritarian

style, rather it is an abusive,

unprofessional style called “bossing

people around.” It has absolutely no

place in a leader's repertoire.

The authoritarian style should normally

only be used on rare occasions. If you

have the time and want to gain more

commitment and motivation from your

employees, then you should use the

participative style.

Participative or Democratic

Leadership

Let's work together to solve this. .

.

This style involves the leader including

one or more employees in the decision

making process (determining what to

do and how to do it). However, the

leader maintains the final decision

making authority. Using this style is

not a sign of weakness; rather it is a

sign of strength that your employees

will respect.

This is normally used when you have

part of the information, and your

employees have other parts. A leader

is not expected to know everything—

this is why you employ knowledgeable

and skilled people. Using this style is

of mutual benefit as it allows them to

become part of the team and allows

you to make better decisions.

Even if you have all the answers,

gaining different perspectives and
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diversity of opinions normally provide

greater creativity than insularity. As

Katherine Phillips wrote,

So as you think about diversity and its

effects in organizations during this

tough economic time recognize that

the most robust practical value of

diversity is that it challenges everyone

in an organization. We are more

thoughtful, and we recognize and

utilize more of the information that we

have at our disposal, when diversity is

present. That is diversity’s true value.

Delegative or Laissez-faire

Leadership

You two take care of the problem

while I go. . .

In this style, the leader allows the

employees to make the decisions.

However, the leader is still responsible

for the decisions that are made. This is

used when employees are able to

analyze the situation and determine

what needs to be done and how to do

it. You cannot do everything! You must

set priorities and delegate certain

tasks.

This is not a style to use so that you

can blame others when things go

wrong, rather this is a style to be used

when you fully trust and have

confidence in the people below you. Do

not be afraid to use it, however, use it

wisely!

Forces

A good leader uses all three styles,

depending on what forces are involved

between the followers, the leader, and

the situation. Some examples include:

 Using an authoritarian style on

a new employee who is just learning

the job. The leader is competent and a

good coach. The employee is

motivated to learn a new skill. The

situation is a new environment for the

employee.

 Using a participative style with

a team of workers who know their

jobs. The leader knows the problem,

but does not have all the information.

The employees know their jobs and

want to become part of the team.

 Using a delegative style with a

worker who knows more about the job

than you. You cannot do everything

and the employee needs to take

ownership of her job! In addition, this

allows you to be more productive.

 Using all three: Telling your

employees that a procedure is not

working correctly and a new one must

be established (authoritarian). Asking

for their ideas and input on creating a

new procedure (participative).

Delegating tasks in order to implement

the new procedure (delegative).
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Forces that influence the style to

use

 Amount of time available

 Are relationships based on

respect and trust or on disrespect?

 Who has the information—you,

the employees, or both?

 How well your employees are

trained and how well you know the

task

 Internal conflicts

 Stress levels.

 Type of task, such as

structured, unstructured, complicated,

or simple?

 Laws or established procedures,

such as OSHA or training plans

Role and Duties of Principals

The duties of the School Principal are all

encompassing as all aspects of the

schools operations are either directly or

indirectly under his/her jurisdiction. In

general terms of the Principal shall be

responsible for:

(a) The detailed organization of the

school;

(b) The development of the instructional

program;

(c) The assignment of duties to and the

supervision of members of his staff and:

(d) The general operation of the school

facility.

The amount of time a Principal will be

able to devote to administrative duties

will vary according to the size and grade

level of the school, the amount of time

released from teaching, and the demands

of a particular year. However the

following are all included n the powers

and responsibilities of the Principal.

1. Leadership and Climate

a) Continually endeavour to improve the

operating effectiveness of the school for

which he is responsible.

b) Keep informed of current practices

and techniques relating to school

programs, teaching and administration

by attending meetings and professional

development conferences, and reading

professional materials.

c) When not involved in teaching duties,

to devote as much time as possible to the

supervision of the school; observing

methods of instruction and endeavouring

to improve the efficiency of the staff and

the school in general. Keep the

Superintendent fully advised as to the

conditions and needs of the school.

d) Suggest appropriate changes in and

ensure adherence to approved policies,
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practices and procedures within his area

of responsibility.

2. Programming

a) Co-ordinate and foster the

development of programs within the

school to best meet the needs and

interests of the students. This includes

the establishment, supervision, and

evaluation of special education programs

where a child needs one.

b) Assist the teaching staff in the

development, implementation,

modifications, and selection of

curriculum materials, and keep the

Superintendent informed as to any

modifications in or substitution of

approved courses.

c) Develop and support a high degree of

student morale through curricular and

extracurricular activities and services

and co-ordinate the participation of all

members of the teaching staff in the

extracurricular program.

3. School Organization and Staffing

a) Participate with the School Division

Office in the selection of professional,

clerical and support staff.

b) Be responsible for the preparation of

timetable, class lists and schedules, and

supervision schedules and be responsible

for their functioning.

c) Hold regular staff meetings for the

purpose of discussing educational and

administrative matters.

d) Be responsible for the proper

registration and transfer of students in

the school and for the maintenance of

up-to-date student cumulative records.

e) Maintain or direct the maintenance of

other records and files, and the

preparation and submission of reports as

required.

f) Establish appropriate procedures for

the control of all school textbooks,

materials, equipment, etc.

g) Have authority over Faculty of

Education Students accepted at his/her

school.

h) Where there is no Vice-Principal,

designate a member of the teaching staff

of that school to assume the duties and

responsibilities of the Principal in the

Principal's absence and inform the staff

of the person designated.

4. Professional Development

a) Promote the professional and

academic growth of his staff through

staff      meetings, in-service training and

personal contact.
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b) Take an active role in the selection,

planning, and implementation of

professional development activities for

the staff in cooperation with the

Superintendent's Office and the

Division's professional development

committee.

5. Staff Supervision and Evaluation

a) As building administrator the

Principal is responsible for the daily

supervision of the school, its students,

facilitators, professional and support

staff, volunteers, and personnel from

outside agencies.

b) See that every teacher shall be on duty

in the school at least 10 minutes before

the opening of the forenoon session, and

at least five minutes before the opening

of the afternoon session.

c) Shall evaluate the effectiveness of

each member of the staff in accordance

with the establishment plan and shall

forward written reports to the

Superintendent.

d) Be responsible for the development

and conduct of an orientation program

for all teachers new to his staff.

e) See that instructions are prepared for

the guidance of substitute teachers.

6. Student Control and Supervision

a) Establish a climate in which students

can develop self-discipline.

b) To have disciplinary authority over

each student while on school premises,

while going to and from school, while

riding on school buses and while taking

part in authorized school activities.

c) To have authority over activities

sponsored and conducted by the student

organizations of his school.

d) Be responsible for the provision of

supervision of students and student

activities in the school buildings, on

school grounds, while loading or

unloading from school buses, or

involved in field trips or other student

activities sponsored by the school.

e) Work cooperatively with outside

agencies such as Community Health

Services, Children's Aid Society, Child

Care and Development Services,

R.C.M.P., etc.

f) Responsibility to refer to the Public

Health Nurse, any child who appears to

have a communicable disease or to be in

need of attention for other health

reasons.

g) The Principal shall be present with

Police Officers if they interview pupils

in the school.
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h) See that no pupil is allowed to leave

the school grounds on errands without

his/her express permission.

7. Student Evaluation and Reporting

a) To familiarize himself with the

general pupil’s progress and to assist in

its improvement.

b) To Co-ordinate and direct the

evaluation of student’s progress and

achievements and the provision of

regular reports to parents as required by

Board Policy.

8. Communication and Public

Relations

a) Maintain communications with

parents or guardians regarding the total

school program, student achievement,

placement and behaviour.

b) Inform parents of the school activities

through newsletters, information nights,

parent/teacher conferences, etc.

9. Budgeting and Buying

a) Be responsible for the administration

of the instructional supplies budget for

school and the safe keeping of monies or

materials that belong to the school or the

school division. Establish procedures for

the purpose and receipt of materials and

supplies necessary to support the

instructional program. Ensure that there

is a system of accounting for monies

from student activities, student fees, gifts

or other funds belonging to school or to

any student group within the school.

10. Health, Safety, Plant Supervision

a) Develop and foster a sense of pride

and respect for school property so that

the facility is an attractive place.

b) Ensure that all reasonable precautions

are taken to safeguard the health and

general well being of his staff and pupils

of his school. To this end he shall see

that pupils and staff are adequately

trained to make effective any plans

necessary for their safety.

c) Establish procedures whereby the

access of visitors to the school can be

monitored and controlled. This would

include access by salespersons, guest

speakers and former students.

d) Organize and supervise patrols where

applicable, make readily available first

aid supplies and treatment.

e) Inspect the school grounds and school

buildings to see that they are free from

hazards which might cause accidents and

he shall notify the proper authorities of

any conditions which need to be

remedied.
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f) In the event of where damage is

serious and appears to have been

deliberate, it shall be reported to the

police department in addition to the

Division Office.

g) Report any accidents or injuries of

students or staff to the Superintendent's

Office on the forms provided.

h) Conduct fire drills as required by

regulations and see that all personnel

within the school are familiar with all

procedures to be followed in case of a

fire. Fire exit signs shall be placed in

each room.

i) Establish effective controls governing

the use of any medication, pain killers

(aspirin, etc.) by students in the school.

j) Assume responsibility for the general

cleanliness and maintenance of his

school.

k) Be responsible for the direction of the

work of Caretaker in the routine cleaning

of the school premises. If difficulties

arise, they shall be reported through the

Secretary-Treasurer.

l) Work with the Secretary-Treasurer in

the planning of capital projects and the

routine maintenance of school buildings

and grounds.

m) The Principal shall control use to be

made of school buildings and grounds in

accordance with Board Policy.

Suggestions

1. The principal will have to use

Participative Leadership Style.

2. The principal has to adopt

authorities & responsibilities also.

3. The principal will have to take

suggestions from various staff members.

Conclusions

The principal uses the various leadership

styles according to the nature of work.

He can use Autocratic leadership style

when there will be a major problem. He

will generally use Democratic leadership

styles. He is not generally using lassies

fair leadership style, because he will

have to handle all the staff, students as

well as management also.
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The Indian Retail Market 
India having more than 122 Crores population and it is known for the business acumen 

since the ancient era.  India has highest number of small and medium scale business and because 
of this India is also known as a nation of shopkeepers.  In India there are more than 16 million 
retail outlets with highest density of retail outlets in the world.  The volume of Retail Industry in 
India is estimated for more than US $ 250 billion.  But India is known for its unorganized 
retailing in form  of small shops and as far as the organized retailing is concerned it is around $ 
23 billion or 9%  of total retailing in India.    
The fast growth and use of management techniques  for Retailing in India have made significant 
impact on the growth of Indian organized Retail & Marketing.  Indian retail sector is becoming 
specialist Retailers.  Now a days the customer-retailer relationship is very strong and close than 
other chains of distribution.  India has 7 outlets per thousand population which is the highest in 
the world.  Per capita retail space in India is at 2 sq ft , which is the lowest in the world and on 
the other hand retail density in our country is of 6 percent which is the highest in the world.  
Presently 18 lakh households having an annual income of over Rs. 45 lakh (US$99,000). The 
growth of retail in India is less than the China and also the status of India's size of retail market is 
not very matured as compare to China.  The share of organized trade in retaining in India was 
quite more than 9% in 2010, and  it is 20% in China. At present USA is biggest retail market 
with 85% share of organized trade in retailing at the second step. There is Malaysia with 55% 
plus, Thailand with 40%plus , Brazil with 35%plus, Russia with 33%plus, Indonesia with 
30%plus, Poland with 20%plus, China with 17% plus & then India with 6% plus only.  

While India presents a large market opportunity given the number and increasing 
purchasing power of consumers, there are significant challenges as well given that over 90% of 
trade is conducted through independent local stores. Challenges include: Geographically 
dispersed population, small ticket sizes, complex distribution network, little use of IT systems, 
limitations of mass media and existence of counterfeit goods. 

Indian apparel retailers are increasing their brand presence overseas, particularly in 
developed markets. While most have identified a gap in countries in West Asia and Africa, some 
majors are also looking at the US and Europe. Arvind Brands, Madura Garments, Spykar 
Lifestyle and Royal Classic Polo are busy chalking out foreign expansion plans through the 
distribution route and standalone stores as well. Another denim wear brand, Spykar, which is 
now moving towards becoming a casualwear lifestyle brand, has launched its store in Melbourne 
and even in London. 

The low-intensity entry of the diversified Mahindra Group into retail is unique because it 
plans to focus on lifestyle products. The Mahindra Group is the fourth largest Indian business 
group to enter the business of retail after Reliance Industries Ltd, the Aditya Birla Group, and 
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Bharti Enterprises Ltd. The other three groups are focusing either on perishables and groceries, 
or a range of products, or both. 
 

List of major Retailers in India 
 REI AGRO LTD Retail: 6TEN and 6TEN kirana stores 
 Future Groups-Formats: Big Bazaar, Food Bazaar, Pantaloons, Central, Fashion Station, 

Brand Factory, Depot, aLL, E-Zone etc. 
 Raymond Ltd.: Textiles, The Raymond Shop, Park Avenue, Park Avenue Woman, Parx, 

Colourplus, Neck Ties & More, Shirts & More etc. 
 Fabindia: Textiles, Home furnishings, handloom apparel, jewellery 
 RP-SanjivGoenka Group Retail-Formats: Spencer’s Hyper, Spencer's Daily, Music World, 

Au Bon Pain (Internaional bakery cafeteria), Beverly Hills Polo Club 
 The Tata Group-Formats: Westside, Star India Bazaar, Steeljunction, Landmark, Titan 

Industries with World of Titans showrooms, Tanishq outlets, Croma. 
 Reliance Retail-Formats: Reliance MART, Reliance SUPER, Reliance FRESH, Reliance 

Footprint, Reliance Living, Reliance Digital, Reliance Jewellery, Reliance Trends, Reliance 
Autozone, iStore 

 Reliance ADAG Retail-Format: Reliance World 
 K Raheja Corp Group-Formats: Shoppers Stop, Crossword, Hyper City, Inorbit Mall  
 Nilgiri’s-Formats: Nilgiris’ supermarket chain 
 Marks & Spencer: Clothing, lifestyle products, etc. 
 Lifestyle International-Lifestyle, Home Centre, Max, Fun City and International Franchise 

brand stores. 
 Pyramid Retail-Formats: Pyramid Megastore, TruMart 
 Next retail India Ltd (Consumer Electronics)(www.next.co.in) 
 Vivek Limited Retail Formats: Viveks, Jainsons, Viveks Service Centre, Viveks Safe Deposit 

Lockers 
 PGC Retail -T-Mart India [1], Switcher, Respect India, Grand India Bazaar,etc., 
 Subhiksha-Formats: Subhiksha supermarket pharmacy and telecom discount chain. 
 Trinethra- Formats: Fabmall supermarket chain and Fabcity hypermarket chain 
 Vishal Retail Group-Formats: Vishal Mega Mart 
 BPCL-Formats: In & Out 
 German Metro Cash & Carry 
 Shoprite Holdings-Formats: Shoprite Hyper 
 Paritala stores bazar: honey shine stores 
 Aditya Birla Group - "More" Outlets 
 Kapas- Cotton garment outlets 
 
Organized Retail: 

Organized retail segment has been growing at a blistering pace, exceeding all previous 
estimates. According to a study by Deloitte Haskins and Sells,organized retail hasincreased its 
share from 5 per cent of total retail sales in 2006 to 10 per cent in 2010. The fastest growing 
segments have been the wholesale cash and carry stores(150 per cent) followed by supermarkets 
(100per cent) and hypermarkets (75-80 per cent). The organized segmentto account for 25 per 
cent of the total sales  at the end of year 2011.  
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It is expected that by 2016 modern retail industry in India will be worth US$ 175- 200 billion. 
India retail industry is one of the fastest growing industries with revenue expected in 2007 to 
amount US$ 320 billion and is increasing at a rate of 5% yearly. A further increase of 7-8% is 
expected in the industry of retail in India by growth in consumerism in urban areas, rising 
incomes, and a steep rise in rural consumption. The retailing industry in India is now more than 
US$ 21.5 billion at the end of 2011.  

Shopping in India has witnessed a revolution with the change in the consumer buying 
behaviour and the whole format of shopping also altering. Industry of retail in India which has 
become modern can be seen from the fact that there are multi- stored malls, huge shopping 
centres, and sprawling complexes which offer food, shopping, and entertainment all under the 
same roof.  

India retail industry is progressing well and for this to continue retailers as well as the 
Indian government will have to make a combined effort. The report examines the growing 
market for FMCG market in India. This starts with an overview of the Industry in India and goes 
on to explain how product and demographic categories across the nation have added value to the 
Industry. The report examines the recent development within the industry and tries to gauge the 
impact in shaping the landscape of the FMCG market. It also contains a summary of the key 
players, including their product portfolio, business operations, and strategies. The report 
concludes with an industry outlook section. Finally the report mandates with the outlook for the 
year 2013, considering the current events and growing economy. The report concludes with a list 
of growth drivers, breaking them into demand side, supply side and systematic drivers.    
Growth of organised retailing: 

Before 2011, India had prevented innovation and organized competition in its consumer 
retail industry. Several studies claim that the lack of infrastructure and competitive retail industry 
is a key cause of India's persistently high inflation. Furthermore, because of unorganized retail, 
in a nation where malnutrition remains a serious problem, food waste is rife. Well over 30% of 
food staples and perishable goods produced in India spoils because poor infrastructure and small 
retail outlets prevent hygienic storage and movement of the goods from the farmer to the 
consumer.  
One report estimates the 2011 Indian retail market as generating sales of about $470 billion a 
year, of which a miniscule $27 billion comes from organized retail such as supermarkets, chain 
stores with centralized operations and shops in malls. The opening of retail industry to free 
market competition, some claim will enable rapid growth in retail sector of Indian economy. 
Others believe the growth of Indian retail industry will take time, with organized retail possibly 
needing a decade to grow to a 25% share.  A 25% market share, given the expected growth of 
Indian retail industry through 2021, is estimated to be over $250 billion a year: a revenue equal 
to the 2009 revenue share from Japan for the world's 250 largest retailers.  
The Economist forecasts that Indian retail will nearly double in economic value, expanding by 
about $400 billion by 2020.  The projected increase alone is equivalent to the current retail 
market size of France. 
In 2011, food accounted for 70% of Indian retail, but was under-represented by organized retail. 
It is estimated that India's organized retail had a 31% share in clothing and apparel, while the 
home supplies retail was growing between 20% to 30% per year.  
 
 
 



VOLUME-I, ISSUE-IV                                                                                              ISSN (Online): 2454-8499             
INTERNATIONAL RESEARCH JOURNAL OF MULTIDISCIPLINARY STUDIES 

1st November, 2015    Page 4 
Website: www.irjms.in                                       Email: irjms2015@gmail.com, irjms.in@gmail.com 

FDI in retailing 
India is one of the most leading economies with a strong economic backing and is posing 

threat to the other developed economies. The Indian economy has reached in the orbit of high 
economic growth rate. It is being widely acclaimed and considered as an emerging global 
economic power. Presently, the economy of India  is the ninth largest in the world by nominal 
GDP and the  fourth largest by purchasing power parity (PPP). The country is a part of the G-20 
major economies and the BRICS, in addition to being partners of the ASEAN. India has a per 
capita GDP (PPP) of $1,477 (WBG ) as per 2010 figures, making it a low-middle income 
country. India enjoys a strong position as a global investment hub with the country registering 
high economic growth figures even during the peak of financial meltdown. As a result, overseas 
investors rested their confidence in the economy which eventually pushed foreign direct 
investments. 
Until 2011, Indian central government denied foreign direct investment (FDI) in multi-brand 
retail, forbidding foreign groups from any ownership in supermarkets, convenience stores or any 
retail outlets. Even single-brand retail was limited to 51% ownership and a bureaucratic process. 
In November 2011, India's central government announced retail reforms for both multi-brand 
stores and single-brand stores. These market reforms paved the way for retail innovation and 
competition with multi-brand retailers such as Walmart, Carrefour and Tesco, as well single 
brand majors such as IKEA, Nike, and Apple.  The announcement sparked intense activism, both 
in opposition and in support of the reforms. In December 2011, under pressure from the 
opposition, Indian government placed the retail reforms on hold till it reaches a consensus.  
In January 2012, India approved reforms for single-brand stores welcoming anyone in the world 
to innovate in Indian retail market with 100% ownership, but imposed the requirement that the 
single brand retailer source 30 percent of its goods from India. Indian government continues the 
hold on retail reforms for multi-brand stores.  IKEA announced in January that it is putting on 
hold its plan to open stores in India because of the 30 percent requirement. Fitch believes that the 
30 percent requirement is likely to significantly delay if not prevent most single brand majors 
from Europe, USA and Japan from opening stores and creating associated jobs in India.  
India retail reforms 

Until 2011, Indian central government denied foreign direct investment (FDI) in multi-
brand Indian retail, forbidding foreign groups from any ownership in supermarkets, convenience 
stores or any retail outlets, to sell multiple products from different brands directly to Indian 
consumers. The government of India had  announced on 24 November 2011 that the India will 
allow foreign groups to own up to 51 per cent in "multi-brand retailers", as supermarkets are 
known in India, in the most radical pro-liberalisation reform passed by an Indian cabinet in 
years; single brand retailers, such as Apple and Ikea, can own 100 percent of their Indian stores, 
up from the previous cap of 51 percent; both multi-brand and single brand stores in India will 
have to source nearly a third of their goods from small and medium-sized Indian suppliers; all 
multi-brand and single brand stores in India must confine their operations to 53-odd cities with a 
population over one million, out of some 7935 towns and cities in India. It is expected that these 
stores will now have full access to over 200 million urban consumers in India; multi-brand 
retailers must have a minimum investment of US$100 million with at least half of the amount 
invested in back end infrastructure, including cold chains, refrigeration, transportation, packing, 
sorting and processing to considerably reduce the post harvest losses and bring remunerative 
prices to farmers; the opening of retail competition will be within India's federal structure of 
government. In other words, the policy is an enabling legal framework for India. The states of 
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India have the prerogative to accept it and implement it, or they can decide to not implement it if 
they so choose. Actual implementation of policy will be within the parameters of state laws and 
regulations. 
Rationale behind allowing FDI in retail sector 

India being fast developing country it need to provide speed to overall development.  
Retailing is one of the very important sector which has tremendous scope for development.  For 
development of  this sector huge fund is required and FDI can be a powerful catalyst to spur 
competition in the retail industry,due to the current scenario of low competition and poor 
productivity. 
The policy of single-brand retail was adopted to allow Indian consumers access to foreign 
brands. Since Indians spend a lot of money shopping abroad, this policy enables them to spend 
the same money on the same goods in India. FDI in single-brand retailing was permitted in 2006, 
up to 51 per cent of ownership. Between then and May 2010, a total of 94 proposals have been 
received. Of these, 57 proposals have been approved. An FDI inflow of US$196.46 million 
under the category of single brand retailing was received between April 2006 and September 
2010, comprising 0.16 per cent of the total FDI inflows during the period. Retail stocks rose by 
as much as 5%. Shares of Pantaloon Retail (India) Ltd ended 4.84% up at Rs 441 on the Bombay 
Stock Exchange. Shares of Shopper’s Stop Ltd rose 2.02% and Trent Ltd, 3.19%. The 
exchange’s key index rose 173.04 points, or 0.99%, to 17,614.48.  But this is very less as 
compared to what it would have been had FDI upto 100% been allowed in India for single brand. 
 The policy of allowing 100% FDI in single brand retail can benefit both the foreign retailer and 
the Indian partner – foreign players get local market knowledge, while Indian companies can 
access global best management practices, designs and technological knowhow. By partially 
opening this sector, the government was able to reduce the pressure from its trading partners in 
bilateral/ multilateral negotiations and could demonstrate India’s intentions in liberalising this 
sector in a phased manner. 
Permitting foreign investment in food-based retailing is likely to ensure adequate flow of capital 
into the country & its productive use, in a manner likely to promote the welfare of all sections of 
society, particularly farmers and consumers. It would also help bring about improvements in 
farmer income & agricultural growth and assist in lowering consumer prices inflation.  
Apart from this, by allowing FDI in retail trade, India will significantly flourish in terms of 
quality standards and consumer expectations, since the inflow of FDI in retail sector is bound to 
pull up the quality standards and cost-competitiveness of Indian producers in all the segments. It 
is therefore obvious that we should not only permit but encourage FDI in retail trade. 
Industrial organisations such as CII, FICCI, US-India Business Council (USIBC), the American 
Chamber of Commerce in India, The Retail Association of India (RAI) and Shopping Centers 
Association of India (a 44 member association of Indian multi-brand retailers and shopping 
malls) favour a phased approach toward liberalising FDI in multi-brand retailing, and most of 
them agree with considering a cap of 49-51 per cent to start with. 
The international retail players such as Walmart, Carrefour, Metro, IKEA, and TESCO share the 
same view and insist on a clear path towards 100 per cent opening up in near future. Large 
multinational retailers such as US-based Walmart, Germany’s Metro AG and Woolworths Ltd, 
the largest Australian retailer that operates in wholesale cash-and-carry ventures in India, have 
been demanding liberalization of FDI rules on multi-brand retail for some time. 
The government has decided to open up the retail sector to global investors through FDI in multi-
brand retail with a ceiling of 51%, and 100% FDI in single-brand retail. 
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It means that global retailers such as Walmart, Carrefour, Tesco and others can set up mega 
deep-discount stores in the country through joint ventures with Indian firms, where the foreign 
partner can hold up 51% equity. 
Single brand retail companies such as Swedish furnishing giant Ikea or sporting goods and 
equipment major Reebok can set up stores of their own in India through their own subsidiaries. 
Till now they were required to set up stores through joint ventures in India that allowed the 
foreign partner to own up to 51% equity. 
Entry Options  For Foreign Players prior to FDI Policy  

Although prior to Jan 24, 2006, FDI was not authorised in retailing, most general players 
ha\d been operating in the country.  Some of entrance routes  used by them have been discussed 
in sum as below:- 
1. Franchise Agreements  

It is an easiest track to come in the Indian market. In franchising and commission agents’ 
services, FDI (unless otherwise prohibited) is allowed with the approval of the Reserve Bank of 
India (RBI) under the Foreign Exchange Management Act. This is a most usual mode for 
entrance of quick food bondage opposite a world.  Apart from quick food bondage identical to 
Pizza Hut, players such as Lacoste, Mango, Nike as good as Marks as good as Spencer, have 
entered Indian marketplace by this route. 
2.  Cash And Carry Wholesale Trading  

100% FDI is allowed in wholesale trading which involves building of a large distribution 
infrastructure to assist local manufacturers.  The wholesaler deals only with smaller retailers and 
not Consumers. Metro AG of Germany was the first significant global player to enter India 
through this route. 
3.   Strategic Licensing Agreements  

Some foreign brands give exclusive licences and distribution rights to Indian companies. 
Through these rights, Indian companies can either sell it through their own stores, or enter into 
shop-in-shop arrangements or distribute the brands to franchisees. Mango, the Spanish apparel 
brand has entered India through this route with an agreement with Piramyd, Mumbai, SPAR 
entered into a similar agreement with RadhakrishnaFoodlands Pvt. Ltd 
4.   Manufacturing and Wholly Owned Subsidiaries. 

The foreign brands such as Nike, Reebok, Adidas, etc. that have wholly-owned 
subsidiaries in manufacturing are treated as Indian companies and are, therefore, allowed to do 
retail. These companies have been authorised to sell products to Indian consumers by 
franchising, internal distributors, existent Indian retailers, own outlets, etc. For instance, Nike 
entered through an exclusive licensing agreement with Sierra Enterprises but now has a wholly 
owned subsidiary, Nike India Private Limited. 
Benefits from FDI in Retailing ? 
 FDI in retail in India will help the farmers to get ensured market and remunerative price for 

their agriculture product, at least of fruits and vegetables.  At present, the price that a farmer 
gets for a kilo of onions is about half of what it is sold to by vendors and retailers to final 
consumers. By engaging local producers, organised retail provides them with an access to a 
much broader consumer set. For instance, a leading retailer operating in north India has 
engaged a local pickle manufacturer in Amritsar and invested to upgrade its equipment. 

 Organised retail provides higher quality of goods on account of the pre–defined and stringent 
standards adopted by the retailers. And of course the price will be cheaper. Studies have 
shown that consumers, on an average, will save at least 10% on daily use goods. 



VOLUME-I, ISSUE-IV                                                                                              ISSN (Online): 2454-8499             
INTERNATIONAL RESEARCH JOURNAL OF MULTIDISCIPLINARY STUDIES 

1st November, 2015    Page 7 
Website: www.irjms.in                                       Email: irjms2015@gmail.com, irjms.in@gmail.com 

 The investors will invest in creating infrastructure like godowns, cold storage chains, agro 
processing units, transportation, agriculture market facilities etc. 

 Allowing FDI will increase competition in the market which can force domestic consumers 
to improve their efficiency and productivity and thus lowering prices.  

 A very evident fact is that the modernization of different sectors has evinced a lot of interest 
of the foreign investors and has attracted massive FDI inflows in the near past.  

 This in turn has generated lot of employment opportunities in the economy.  
 Consumers now have a wide variety of brands and product categories to choose from which 

has made shopping experiences of international quality.  
 It will also help focus n the service quality like consistency, standardization, pricing, pre-

sales activity, after sales services etc. 
 It will provide employment to several people in the retail stores and back end activities. 
 FDI will save the money, which other wise have to be spent on infrastrure and will be 

invested in other development activities. 
 The share of retailing in economy and  GDP will be increased. 
 A significant market shift to the organized sector will help to reduce the producer's problem 

of counterfeit products.  
 Consumer financing schemes provided by the retailers help the producer's too.  
 Congregation of large number of customers under one roof will boost low cost marketing 

campaigns and thus minimizing advertising costs.  
 This will enhance the channel feedback to the manufacturers thus helping to formulate better 

business strategies.  
 By establishing a real time network with the retailers, the producers can crash their supply 

chain and minimize the inventory holding cost, response time to market demands resulting in 
economic benefits which have a final benefit for the producers as well as consumers.  

 Indian producers will get an opportunity of showcasing their produce in the international 
markets and foreign retailers. 

 In the era of M&As happening globally, restructuring is a sine qua non for prosperity and 
survival in the midst of global competitiveness.  

 Postponing FDI in this sector will only help the unorganized sector to flourish pulling in 
almost Rs. 110,000 crore from the money market.  

 The risk element can be hedged and easily arbitraged, if the FDI is allowed.  
Disadvantages of FDI in Retailing? 

 Though most of the high decibel arguments in favour of FDI in the retail sector are not 
without some merit, it is not fully applicable to the retailing sector in India, or at least, not 
yet. This is because the primary task of government in India is still to provide livelihoods and 
not create so called efficiencies of scale by creating redundancies.  

 Small traders are worried that large deep-discount stores of transnational corporations will 
drive street vendors and neighbourhood mom-and-pop kirana stores out of business, 
endangering their livelihood.  

 Allowing FDI will have immediate and dire consequences. Entry of foreign players now will 
most definitely disrupt the current balance of the economy, will render millions of small 
retailers jobless by closing the small slit of opportunity available to them. 

 The supermarket will typically sell everything, from vegetables to the latest electronic 
gadgets, at extremely low prices that will most likely undercut those in nearby local stores 
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selling similar goods. WalMart would be more likely to source its raw materials from abroad, 
and procure goods like vegetables and fruits directly from farmers at preordained quantities 
and specifications.  This means a foreign company will buy big from India and abroad and be 
able to sell low – severely undercutting the small retailers. Once a monopoly situation is 
created this  will then turn into buying low and selling high. 

 It is easy to visualise from the discussion above, how the entry of just one big retailer is 
capable of destroying a whole local economy and send it hurtling down a spiral. One must 
also not forget how countries like China, Malaysia and Thailand, who opened their retail 
sector to FDI in the recent past, have been forced to enact new laws to check the prolific 
expansion of the new foreign malls and hypermarkets. 

 It is true that it is in the consumer’s best interest to obtain his goods and services at the 
lowest possible price. But this is a privilege for the individual consumer and it cannot, in any 
circumstance, override the responsibility of any society to provide economic security for its 
population. Clearly collective well-being must take precedence over individual benefits 

Conclusions: 
For Indian companies who are in the organised retail sector or who have plans to enter 

the organised retail sector, this is, indeed, a very welcome move as it opens up a whole new 
universe of fundraising options. Indian companies may partner with international retail players 
and thus garner both funding, as well as operational best practices, or they can just choose to 
raise funding from foreign private equity funds. Given that much of the PE money that flows into 
India today is foreign money, this move opens up huge possibilities for the growth of India’s 
organised retail sector, thereby significantly enhancing the competitiveness of the industry. 

Though the FDI will help our economy to grow at macro level, it will ruin the small 
shopkeepers of our country.  FDI in retails will help to the retail market in non-agri commodities 
only but in agri commodities it will  have bad effect in long run.  Likewise it will help the 
farmers in short run, because of ensuring the market as well as better price for some time, but it 
will definitely will affect the farmers community in long run, because after some years, there will 
be organised chain of retailers who will have monopoly in the market and they will fix the rates 
of the agriculture product at lower rates and farmers will have no option but to sell them.  
Moreover, these big and multinational retailing companies will either commence the agriculture 
production by way of contract farmeing or on their own as a part of corporate farming and even 
these companies may purchase goods from the other countries and that time, all the small and 
marginal farmers will have no option but to sell their product at throw away price to these 
retailers.  Because of their financial strength, the giant retailers will decide the fate of farmers.   
Lastly, it is to be noted that the Indian Council of Research in International Economic Relations 
(ICRIER), a premier economic think tank of the country, which was appointed to look into the 
impact of BIG capital in the retail sector, has projected the worth of Indian retail sector to 
reach $496 billion by 2011-12 and ICRIER has also come to conclusion that investment of ‘big’ 
money (large corporates and FDI) in the retail sector would in the long run not harm interests of 
small, traditional, retailers. 

In light of the above, it can be safely concluded that allowing healthy FDI in the retail 
sector would not only lead to a substantial surge in the country’s GDP and overall economic 
development, but would inter alia also help in integrating the Indian retail market with that of 
the global retail market in addition to providing not just employment but a better paying 
employment, which the unorganized sector (kirana and other small time retailing shops) have 
undoubtedly failed to provide to the masses employed in them. 
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The proposal is to permit FDI in retail only if the foreign investor brings in a minimum 
investment of $100 million, which seems to be unreasonable because only big and foreign retail 
business operators, will enter the market, it may not be reasonable to expect the entire $100 
million to be brought up front. What may be more rational is to permit foreign investors to bring 
in the minimum $100 million investment over a period of, say, 2-3 years. Further, one hopes that 
there would be no proposals for any ‘lock-in’ of this investment amount, as was imposed with 
respect to FDI in real estate (with disastrous results). Any such unreasonable condition (which 
doesn’t even serve any meaningful purpose in the larger scheme of things) is likely to cause 
discomfort and confusion amongst investors. 

Therefore, the FDI in retail market must be permitted in very cautious way and it must be 
gradual and with social safeguards so that the effects of the labour dislocation can be analysed& 
policy finetuned. Initially allow them to set up supermarkets only in metros. Make the costs of 
entry high and according to specific norms and regulations so that the retailer cannot 
immediately indulge in ‘predatory’ pricing . 
Thus, as a matter of fact FDI in the buzzing Indian retail sector should not just be freely allowed 
but per contra should be significantly encouraged. Allowing FDI in multi brand retail canbring 
about Supply Chain Improvement, Investment in Technology,Manpower and Skill 
development,Tourism Development, Greater Sourcing From India,Upgradation in 
Agriculture,Efficient Small and Medium Scale Industries, Growth in market size and Benefits to 
govemment through greater GDP, tax income and employment generation. 
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Abstract This paper reports the preparation of Pt–SnO2

composite thin film gas sensors for the detection of H2 gas

having lower concentration (150 ppm) at relatively lower

operating temperature of 85 �C. Nano crystalline tin oxide

(SnO2) thin films were prepared by simple spin coating

technique. Subsequently platinum thin film was sputtered

over the SnO2 thin film to get the Pt–SnO2 composite thin

films. The structural, nano structural and gas sensing

properties of both SnO2 and Pt–SnO2 thin film sensor were

studied. XRD indicate the formation of tetragonal SnO2

where as in case of Pt–SnO2 the existence of cubic SnPt3
was observed. A comparative study of the hydrogen sens-

ing properties viz. operating temperature, response and

recovery time and selectivity was carried out. Due to Pt

loading, the sensor showed reduction in the operating

temperature to 85 �C with good modulation and response

time of 0.5 s to H2 gas. The response to other gases such as

carbon monoxide (CO) and LPG (at 150 ppm) of the Pt–

SnO2 composite thin film sensor were also investigated.

The sensor showed highest response to H2 gas where as

lowest response was noted for CO gas.

1 Introduction

Hydrogen (H2) is widely used in industrial applications for

the synthesis of ammonia, petroleum and metal refining

operations, hydrochloric acid production etc. In recent

years, next-generation applications such as hydrogen based

zero carbon emission vehicle technologies have emerged to

meet the energy needs of tomorrow. However, utilization

of H2 poses serious safety issue, as hydrogen has low ig-

nition energy and lower explosion limit of 4 % in air cause

a slight leakage of H2 may be serious concern. Hydrogen

gas is colourless, odorless, tasteless and cannot be detected

by human senses [1]. Hence, safety is an important concern

while working with hydrogen-containing gases. Therefore,

it is a vital demand to develop hydrogen sensors with fast

response, large detection range, and capability to be de-

ployed in city-scale networks. To some extent, there are

various types of H2 gas sensors developed by several re-

searchers having capability of detecting ppm level con-

centrations. But these sensors are lacking of cross

sensitivity to other gases, high operating temperature

([150 �C), and higher response time [2–4]. Therefore, to

develop hydrogen sensor for lower gas concentration at

lower operating temperature is still a challenge.

Metal oxide semiconductors showed significant

promising candidates for the gas sensing applications. They

allow the fabrication of reliable, inexpensive, low-
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maintenance devices. However, their large scale commer-

cial viability has been limited due to higher operating

power and temperatures [5–7]. Recent efforts have been

focused to improve the sensitivity and decrease the oper-

ating temperature of H2 sensor using metal oxides [8]. The

morphological structures such as nanorods and nanotubes

are preferred for these applications. Pure and doped tin

oxides are some of the most widely used gas sensor ma-

terials due to higher sensitivity at relatively low working

temperature than the other materials. The use of catalytic

platinum (Pt), palladium (Pd) coatings or doping in the

form of films or nanorods on semiconductors, carbon

nanotubes can enhance the sensitivity for hydrogen [3, 4,

9–15]. The dopant in the SnO2 matrix can reduce the ac-

tivation energy for the reactions between the gas and SnO2

films leading to accelerate the reaction rate by spill-over

effect [16].

In this paper, we report the synthesis of SnO2 and Pt–

SnO2 thin film gas sensors and compared their hydrogen-

sensing characteristics. Both the sensors have shown the

capability to detect H2 at lower concentration level and

interestingly the Pt–SnO2 composite thin film sensor

showed drastic reduction in the operating temperature of

the sensor.

2 Experimental methods

2.1 Preparation of tin acetate solution

Stannous chloride (SnCl4, AR Grade, Loba Chemie) was

dissolved into double distilled water at room temperature.

The solution was stirred using a magnetic stirrer for

30 min. Subsequently glacial acetic acid (AR Grade, S. d.

fine Chemicals) was added into the stannous chloride so-

lution and the mixture was stirred again for 1 h at 90 �C. A

clear tin acetate solution with yellowish tinge was ob-

tained. The chemical reaction can be written as below

SnCl45H2O þ 4CH3COOH ! Sn CH3COOð Þ45H2O

þ 4HCl

2.2 Preparation of nano-structured SnO2 thin films

Tin dioxide (SnO2) thin films were prepared on the soda

lime glass by spin coating of 0.5 ml of the above prepared

tin acetate solution at the spinning speed of 500 rpm. The

coated films were dried under IR lamp for 20 min which

were then sintered at 550 �C for dwell time of 40 min with

5 �C/min ramp rate in the muffle furnace (Lenton, UK).

The furnace was then cooled down to room temperature

with a rate of 20 �C/min resulting SnO2 thin film. The

adhesion of the films was checked using scotch tape peel

test and found good adhesive film with the glass substrate.

We have also noted very good adhesion for fired film

compared to the unfired films. The thickness of the sintered

film was in the range of 5 lm which was measured by

Tally surf technique. The final chemical reaction of tin

acetate to tin dioxide after sintering can be written as

Sn CH3COOð Þ4 5H2O ! SnO2 þ 4CH3COOH " þ 3H2O "

2.3 Preparation of Pt–SnO2 nano composite thin films

Platinum thin film with a thickness of 80 nm was sputtered

over the SnO2 thin film. These Pt coated SnO2 thin films

were then fired at 550 �C for 40 min at a heating rate of

5 �C/min to form Pt–SnO2 nano composite thin film.

2.4 Materials characterization

The prepared tin dioxide (SnO2) thin films and platinum

coated SnO2 (Pt–SnO2) composite thin films were charac-

terized by XRD technique using D8 advanced X-ray

diffractometer (Brucker) at Cu Ka radiation (k = 1.5418

Å) for structural analysis. Diffraction peak identification

was performed on the basis of the JCPDS database of

reference compounds [17]. The evolution of morphology

and nanostructure analysis of SnO2 and Pt–SnO2 thin films

respectively was observed under FE-SEM (Hitachi, S4800

Model) and TEM (FEI, Model-S-TWIN).

2.5 Gas sensing setup

Gas sensing experiments were carried out using the in-

house designed and built gas exposure system (static)

having chamber of glass dome (26.6 L) containing feed

through and heater mounted on the base plate [7]. The

sensor response upon exposure to gases is manifested as

change in resistance and is recorded using a multimeter

through data acquisition system. The half bridge method

was used to measure resistance of the sensor. The response

of the sensor is defined as

Sensor response ¼ ðRa=RgÞ ð1Þ

where, Ra and Rg are resistance in air and gas respectively.

The response and recovery time are defined as the time

taken by sensor to achieve 90 % of the total resistance

change in case of adsorption and desorption respectively.

To determine the response and recovery time of the sensor,

the step response is recorded using RISHCOM data ac-

quisition system with a step of 0.1 ms. The sensing per-

formance of the sensor was studied for both cases i.e. pure

SnO2 thin film and Pt–SnO2 composite thin film.
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3 Results and discussion

3.1 XRD analysis

The prepared thin films of SnO2 and Pt–SnO2 were ana-

lyzed by X-ray diffractometry to study the phase purity and

crystallinity. XRD pattern of SnO2 and Pt–SnO2 films are

depicted in Fig. 1. The broad reflection peaks at

2h = 26.6�, 33.8� and 51.7� respectively can be readily

indexed to a tetragonal structure of SnO2 (JCPDS Card File

No. 41-1445) (Fig. 1a). XRD pattern of Pt–SnO2 thin film

is shown in Fig. 1b. The tetragonal phase of SnO2 re-

mained stable in this case also but the additional peaks

appeared due to metallic platinum and tin platinum (SnPt3).

The reflection peaks at 2h = 39.7� and 46.28 correspond to

(111) and (200) hkl planes confirming the cubic crystalline

structure of metallic platinum matches with JCPDS no.

04-0802. Additional peaks due to cubic SnPt3 are also

observed in the Pt–SnO2 composite. The reflection peaks

(111), (200), (220) and (311) indicate the presence of cubic

phase of SnPt3 (JCPDS no. 35-1360).

3.2 Morphology and microstructure analysis

The morphology and microstructure evolution of pure

SnO2 and Pt–SnO2 composite thin film was observed under

field emission scanning electron microscopy (FESEM,

Hitachi, S4800 Model). The representative FESEM images

are depicted in Fig. 2. FESEM of SnO2 sample indicate the

uniform spherical shape nano particles having size in the

range of 10–20 nm (Fig. 2a, b). These particles are well

connected to each other forming nano cluster of size

around 50 nm. FESEM of Pt–SnO2 composite film depicts

the formation of uniform sized particles with distorted

spherical shape having size ca 15 nm (Fig. 2c, d). The Pt

sputtering lead to change the spherical shape of SnO2

particles to distorted spherical shape with side arms that are

well connected to the adjacent particles resulting in im-

proved connectivity. The improved connectivity and

change in particle shape depicts the interaction between Pt

and SnO2 particles. The EDAX analysis confirms the

presence of 7 wt% Pt in Pt–SnO2 nano- composite thin film

(Fig S1). The elemental composition is depicted in sup-

porting information Table S1. The XRD also confirm that

the formation of SnPt3 along with metallic Pt and existence

of Pt–SnO2 composites in the prepared thin film.

3.3 TEM analysis

TEM images along with selected area electron diffraction

(SAED) pattern of both the SnO2 and Pt–SnO2 thin films

are depicted in Fig. 3. Powder sample was collected by

scratching the film and dispersed in ethanol. Further the

dispersed samples were sonicated for 5 min and then the

supernatant solution was added on carbon coated copper

grid, dried under ambient temperature and used for TEM

analysis. Figure 3a indicates the existence of uniform sized

spherical particles SnO2 having size in the range of

10–20 nm. The diffused SAED pattern indicates the poly-

crystalline nature of SnO2 and the obtained ‘d’ values

confirms the tetragonal phase (Fig. 3a’). TEM images of

Pt–SnO2 are shown in Fig. 3b revealed the particles with

*15 nm size. It may be noted here that though the XRD

indicates the presence of SnO2, Pt and SnPt3 phases, it is it

very difficult to identify the respective particles in TEM

images. But the SAED pattern clearly matches with SnPt3
structures (Fig. 3b’).

3.4 XPS analysis

The XPS of SnO2 thin film and Pt–SnO2 nanocomposite

thin films are shown in Fig. 4. A typical wide scan spec-

trum for both the nanocomposite films are shown in the

supporting information Fig. S2. The C 1s peak at 284.8 eV

is used as an internal standard, the Sn 3d, Pt 4f and O 1s

spectra are calibrated using C 1s peak to correct the binding

energy values. The peaks at binding energies of 487 and

495.5 eV correspond to Sn 3d5/2 and Sn 3d3/2 peaks re-

spectively confirms the existence of SnO2 ?4 having

oxidation state of Sn (Fig. 4d) [18]. The wide XPS spec-

trum of Pt–SnO2 nanocomposite depicts the peaks due to C

1s, Sn 3d, Pt 4f and O 1s at 284.8, 487.5, 71.6 and

530.9 eV respectively (Fig. 4a). The presence of peak at

71.6 and 74.6 respectively due to Pt 4f7/2 and 4f5/2 confirms

the formation of metallic platinum [19].

The binding energy peaks of Sn shows slightly higher

values of 487.5 and 496.1 eV correspond to Sn 3d5/2 and
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Fig. 1 X-ray diffractogram of a SnO2 thin film b Pt–SnO2 composite

thin film, filled diamond indicates the tetragonal SnO2 peaks, empty

diamond indicates the SnPt3 peaks
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Sn 3d3/2 respectively (Fig. 4c). The occurrence of higher

value indicates the possible interaction between Pt and Sn

leading to the presence SnPt3 alloy at the surface. Addi-

tionally, the presence of Sn2? and metallic Sn may also be

present along with Sn4?, due to broad peak in the region of

485–490 eV, it is difficult to identify the exact oxidation

state of tin (binding energy values for Sn2?, Sn4? and

metallic Sn are 487, 486 and 485 eV respectively). The

XPS spectra clearly demonstrate the presence of SnO2 and

metallic Pt in the prepared nanocomposite thin films.

3.5 Gas sensing studies

The gas sensing measurements were carried out by mea-

suring the change in resistance caused by adsorption and

desorption of gas molecules on the surface of the sensing

materials. The schematic of gas sensor set up is depicted in

Fig. 5. The change in resistance with respect to tem-

perature (R–T) characteristic of the sensor was measured in

air (Fig. 6). Both, pure SnO2 and Pt–SnO2 composite film

sensor showed negative temperature coefficient (NTC)

characteristics beyond 45 �C. In order to study the gas

sensing properties of sensor, it is necessary to know the

operating temperature of the sensor. Therefore, the oper-

ating temperature of sensor was obtained by measuring the

sensor response at various temperatures in the presence of

the test gas. Accordingly, the response was measured for

300 ppm of H2 gas. Figure 7a, b shows the response of

sensor with respect to temperature. It was observed that in

case of pure SnO2 the sensor response increases with re-

spect to temperature and then reaches to maximum at

245 �C whereas in case of Pt–SnO2 composite, sensor re-

sponse was highest at 85 �C and then decreases gradually.

From this, it can be said that the operating temperature of

the sensor decreases in case of Pt–SnO2 composite thin

film. The sensor showed almost linear response for the H2

gas concentrations in the range of 150–1650 ppm. Fig-

ure 8a shows the response of SnO2 sensor varied from 25

to 400 % for 150–1200 ppm concentration of H2 and then

began to saturate. The response of Pt–SnO2 composite in-

creased from 20 to 80 % for 150–1650 ppm concentration

of H2 gas and there is no saturation in the response which is

excellent characteristics of this sensor (Fig. 8b). The sen-

sitivity for pure SnO2 films is 0.53 % observed in the stated

range of gas concentration where as 0.042 % in the case of

Pt–SnO2 composite thin films. The sensors also showed

linear response to very low concentrations of H2 gas

(Fig. 9). In case of SnO2, the response at 245 �C changes

from 20 to 90 % for concentrations 1–15 ppm of H2 and

for that of Pt–SnO2, changes from 5 to 13.5 % respectively

for concentrations 1–15 ppm at 85 �C. From the above

observations it can be noted that Pt is responsible for the

linearity in the response for H2 gas. The repeatability and

reproducibility of the Pt–SnO2 sensor was performed for 3

Fig. 2 FESEM images with different magnifications; a, b SnO2 thin film and c, d Pt–SnO2 composite thin film
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samples and ±5 % variation was observed (only repre-

sentative data was given).

The step response of sensors was determined at the re-

spective operating temperature of the sensors for 150 ppm

H2 gas concentration and shown in Fig. 10. It is seen that

the sensor response drastically increased during adsorption

with response time of 0.6 s and recovery time of 5.8 s for

SnO2 at the operating temperature of 245 �C (Fig. 10a). On

the other hand, the Pt–SnO2 composite sensor showed

drastic improvement in the response time of 0.5 s but at the

cost of recovery time of 25.5 s during adsorption at the

operating temperature of 85 �C (Fig. 10b).

From the step response study it can be concluded that

the Pt–SnO2 composite sensor reduces the operating tem-

perature to 85 �C with quick response time of 0.5 s which

is a very important characteristic concerning the safety

applications especially in case of H2 detection. However,

the recovery time of Pt–SnO2 films is slightly higher if

compared to that of pure SnO2 film but still acceptable to

some extent taking into account of its lower operating

temperature.

The selectivity of the sensor also studied for the inter-

fering gases such as CO and LPG at the operating tem-

perature of 85 �C for 150 ppm concentration (Fig. 11). The

CO and LPG are the competing reducing gases like H2,

presence of these interfering gases would enhance the re-

sponse of H2 sensor. Therefore, it is necessary to test the

selectivity of H2 in presence of CO and LPG. It was ob-

served that the sensor showed maximum response of 7 %

for H2, 3.5 % for CO and minimum response of 0.5 % in

case of LPG.

The ability of metal/metal oxide composite sensor to

detect the presence of chemicals relies on the interaction

between gas molecules and the surface of the sensing films.

This interaction is affected by many factors such as the

temperature of operation, the gas being analyzed, the sen-

sor geometry and packaging. Gas detection is enabled by a

change in the electric resistance arising from a surface

(a) 

(b) (b’) 

(a’) 

(110) 
(101) 

(200) 

(220) 
(311) 

Fig. 3 TEM and SAED images of SnO2 (a, a’) and Pt–SnO2 (b, b’) thin film composite nanostructures
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phenomenon. The reactivity of the surfaces is dependent on

the elemental composition including any doping, or im-

purity constituents, electronic and defect structure and on

its microstructure. The changes in the surface characteris-

tics of an active layer can induce a change on the sensor

performance. It has been reported that improvement of the

sensing properties (selectivity and sensitivity) of metal

oxides can be achieved by the addition of small amounts of

noble metals to the active layer. Metal additives, such as Pd

and Pt, are dispersed in the semiconducting oxide as
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Fig. 5 Schematic of gas sensor

testing set up where 1 Pt–SnO2
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Aluminum probe
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Fig. 8 Response with respect to concentration of H2 gas; a SnO2 at 245 �C and b Pt–SnO2 at 85 �C
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activators or sensitizers to improve the gas selectivity and

to lower the operating temperature of the sensor [20]. To

explain the effects of noble metals on sensing properties,

two mechanisms viz. electronic and chemical sensitization

have been suggested [21].

The electronic sensitization, typical for Pd, considers

that there are partially oxidized metallic clusters which are

electronically connected to the supporting metal-oxide

(pinning of the Fermi-level). The reaction with the target

gases changes the stoichiometry/chemical state of the noble

metal clusters and therefore the changes of the position of

the Fermi level are translated into sensor resistance chan-

ges. In case of Pt, the chemical sensitization is expected to

form metallic clusters at the surface of the metal oxide to

improve the gas-semiconductor reaction by a catalytic ef-

fect. These clusters on the semiconductor surface have a

higher sticking coefficient to gases than metal oxide, and

dissociate nearly all the gas molecules transferring H atoms

onto the metal oxide surface [22].

Trocino et al. [9] reported a plausible mechanism at-

tributing to the enhanced performance of Pt–loaded sensors

to a ‘spill-over effect’ driven by Pt particles combined with

their high catalytic activity. Pt is in a metallic state and

highly dispersed in the forms of small particles on the

surface of the supporting metal oxide/carbon nanotubes

composite system. In such form, under air, Pt is able to

facilitate the dissociation of oxygen. The surface of Pt-

loaded composites is then covered by a higher amount of

oxygen adsorbed species. Besides, it is well known that Pt

particles exhibit a high chemical activity for H2 oxidation

[23]. Based on the above, it can be supposed that the higher

amount of reactive oxygen ions thus leading in the im-

proved sensor performance, through the oxidation of che-

misorbed hydrogen atoms by oxygen ions catalyzed by

platinum (Pt).

4 Conclusions

Resistive type hydrogen sensor with pure SnO2 thin film

and Pt–SnO2 composite thin film have been successfully

prepared on cover glass substrate. The structural, mi-

crostructural analysis revealed the nano size of SnO2. A

comparative study of the hydrogen sensing properties viz.

operating temperature, sensitivity, response, recovery time

and selectivity of thin film SnO2 and Pt–SnO2 nano com-

posite thin films was carried out. Experimental results have

shown that these Pt–SnO2 composites are sensitive to low

hydrogen concentrations and also showed a drastic de-

crease in the sensor operating temperature to 85 �C, with

good modulation for hydrogen gas and a response time as

low as 0.5 s with the recovery time of 25.5 s comparative

to the pure SnO2 thin films. Therefore, we can say that Pt

exhibits as promoter which favours dissociation of hydro-

gen molecules at low temperature and activates the surface

reaction between adsorbed hydrogen and oxygen species.

The response to various gases such as CO and LPG (at

150 ppm) of the Pt–SnO2 composite thin film sensor

showed highest response to H2 gas where as lowest re-

sponse was noted for LPG gas which could satisfy the

requisites for practical applications in hydrogen leak de-

tection devices.
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Abstract— The Al2O3 modified ZnO nanostructure with 1:9 
ratio was synthesized at 500ºC using solid-state reaction 
technique. The prepared nanostructure material was 
characterized with XRD and FE-SEM technique. XRD indicate 
the formation of wurtzite phase of ZnO. FE-SEM confirms the 
formation of hexagonal shaped rod like morphology. The sensing 
characteristic of the material was tested using ethanol gas.  

Keywords—ehtanol sensor; ZnO; thick film; gas sensor 

I.  INTRODUCTION  
Chemical sensors have gained the importance since past 
decade for household as well as industrial applications 
includes homeland security, medical and environmental 
monitoring and also food safety. A desirable goal is the ability 
to simultaneously analyze a wide variety of environmental and 
biological gases and liquids and able to selectively detect the 
target analyte with high specificity and sensitivity. The gas 
sensor based on semiconductor materials has been extensively 
used to detect and monitor a huge variety of gases and vapors. 
The conductance of these semiconductors changes 
significantly when the gas molecules adsorb and desorb at the 
surface of semiconductors, which can modulates the carrier 
density and mobility of materials. Thick film gas sensors 
based on semiconducting metal oxides are the most 
investigated groups of gas sensors due their low cost and 
flexibility in production, simplicity of their use and large 
number of detectable gases [1-5]. ZnO is an interesting, 
chemically more stable semiconductor material with a band 
gap of 3.4 eV and with an oxygen containing surface for bio 
and chemical sensors. It has an ability to operate in harsh 
environments and possesses a combination of attractive and 
unique optical, piezoelectric, sensing and magnetic properties 
and therefore being a prospective material in the area of 
physical as well as chemical sensors.  ZnO-related gas sensing 
involves the chemisorptions of oxygen on the oxide surface, 
followed by charge transfer during the reaction between 
chemisorbed oxygen and target gas molecules, changing the 
surface resistance of the sensor element [6]. Pure ZnO films 
have a lower stability in corrosive, humid ambient due to large 

amount of oxygen vacancy. The properties of such zinc oxide 
films are often altered by adsorption of O2 and water (H2O). 
Also thermal instability is another factor limiting the 
application of pure ZnO. To overcome this disadvantage, the 
properties of ZnO films are controlled by appropriate doping 
either by cationic (Al, In) or anionic (F) substitution [7-9]. 
Some researchers has studied the ZnO/Al2O3 thick films for 
gas sensing and reported that the sensing performance gets 
enhanced than that of pure compounds [10]. 
 
Ethanol is having large number application and explosively 
utilized in beverages, industrial and scientific sectors. Ethanol 
is toxic and has hypnotic nature (sleep producer). Heavy 
exposure and/or consumption of alcoholic beverages, 
particularly by smokers, increase the risk of cancer of the 
upper respiratory and digestive tracks [7, 11]. Alcoholic 
cirrhosis leads to liver cancer. The chances of breast cancer 
amongst the women increase with alcoholic consumption. 
Those working on ethanol synthesis have great chances of 
being victims of respiratory and digestive track cancer. So 
there is a great demanded emerging challenge for monitoring 
ethanol gas at trace level. The aim of the present work to 
develop thick film ethanol sensor based on ZnO by modifying 
with Al2O3 to improve its stability and sensing performance. 
 

II. EXPERIMENTAL 

A. Preparation of the thick film sensor 
Thick film sensor with comb like structure was prepared 

on 96 % alumina substrate. The functional sensing material 
was prepared by mixing the of ZnO and Al2O3 powders with 
the ratio of 90:10 in an Agate mortar and pestle in the acetone 
medium. This ration was finalized based on the earlier reports 
[7,10]. The material was calcined at 500o C for two hours and 
then cooled normally to remove the moisture and trapped 
gases. This mixture was used as functional sensing material 
for the formulation of thick film paste. Thick film paste was 
prepared by mixing of the appropriate amount prepared Al2O3 
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modified ZnO powder, glass frit and an organic vehicle in the 
agate pestle mortar.   

The planar sensor structure was prepared by screen-
printing technique. A pre-fired thick film silver electrode was 
used for electrical contacts. The screen printed sensing film 
was dried and fired at 550o C for 15 min. peak temperature in 
thick film firing furnace at 60 min. firing profile.  

B. Measurement of gas sensing properties  

The fired thick film sensor film was placed in the static gas 
chamber having in build heater arrangement in the set up. The 
capacity of the chamber was gas chamber was 6.3 Lt. 
Different concentrations of ethanol were injected into the 
chamber through syringe and the change in resistance was 
measured. The ethanol gas sensing behavior of thick film 
sensor was evaluated by measuring the relative change in 
resistance of film with and without exposure of ethanol gas. 
Figure 1 shows the thick film sensor film mounted in the gas 
sensing measurement system.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Thick film sensor mounted in the gas 

III. RESULT AND DISCUSSION 

A. XRD analysis  
The XRD analysis of the Al2O3 modified ZnO powder was 

carried out by powder diffraction technique in the 2  range of 
20-80o. Figure 2 shows the X-ray diffractogram of the powder 
material. The observed XRD peaks at 2θ = 31.7, 34.4, 36.2, 
47.6, 56.7, and 62.8º corresponds to hkl planes (100), (002), 
(101), (102), (110) and (103) respectively, confirms the 
formation of crystalline ZnO having hexagonal wurtzite phase. 
XRD matches with standard ZnO pattern (JCPDS No. 36-
1451) indicating high phase purity and crystallanity.  

 

 

 

 

 

 

 

 

 

Figure 2: X-ray diffractogram of Al2O3 modified ZnO powder
The peaks due to Al2O3 were not observed in the XRD pattern 
of Al2O3 modified ZnO. The pure Al2O3 does not show any 
peak, this confirm that the pure Al2O3 phase does not remain 
stable and could be react with ZnO to form ZnAl2O4. In the 
present study Al2O3 and ZnO were used in 1:9 ratio, due to 
this only 10% of ZnAl2O4 (JCPDS: 50-669) formed and rest is 
remain as ZnO. The XRD peaks positions of ZnAl2O4 and that 
of ZnO is almost same may be overlap.    

B. FE-SEM analysis  
Figure 3 (a, b) shows FE-SEM analysis of the Al2O3 

modified ZnO powder. The hexagonal shaped rod like 
morphology of the particles with the size around 300 to 700 nm 
was revealed from the FE-SEM analysis. The surface of the 
materials is having smooth surface and sharp edges.   

      

 

 

 

 

 

Figure 3: FESEM of Al2O3 modified ZnO powder 
The nanosized particles diffused together to form the rods like 
morphology due to sintering at 500ºC. The submicron sized 
particles are also seen having hexagonal shaped rods like 
structures.  

C. Ethanol gas sensing properties 
The ethanol gas sensing behavior of thick film sensor was 

evaluated by measuring the relative change in resistance of 
film with and without exposure of ethanol gas. The sensor 
response is plotted with respect to temperature for different 
gas concentrations (fig. 4a). From the plot it is seen that, for 
all the concentration of the ethanol gas, the sensor showed 
highest response at 274oC. This corresponding temperature of 
peak response is the working temperature of the sensor.  
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Figure 4a: Sensor response with respect to temperature for 
different concentrations of ethanol gas. 
This is the lowest temperature reported so far for the 
Al2O3/ZnO system. Patil et al reported the Al2O3/ZnO system 
for ethanol and H2 gas sensing and found the operating 
temperature of gas sensors were around 300ºC [7, 10]. They 
reported the response and recovery time of 18s and 40 s 
respectively. Figure 4b shows the response and recovery time 
of the sensor at the operating temperature of 274 oC. It is seen 
from graph that the sensor shows response in 6 sec. and 
recovery time of 16 sec. to ethanol gas which is very good 
than that of earlier study.  
 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 4b: Response and recovery time of the thick film 
sensor. 
 

IV. CONCLUSION 
 We have prepared Al2O3 modified ZnO nano size material 
for gas sensing applications. The thick film sensor prepared 
using the indigenously synthesized materials. The particle size 
of the material is around 300-700 nm. The sensor showed very 
good response to ethanol gas of 4000 ppm at the operating 
temperature of 274oC. The response and recovery time of the 

sensor to ethanol gas is 6 and 16 sec. respectively which is 
very good than the earlier study.   
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