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A study was carried to assess the effect of traffic noise pollution on the work efficiency of shopkeepers in
Indian urban areas. For this, an extensive literature survey was done on previous research done on similar topics.
It was found that personal characteristics, noise levels in an area, working conditions of shopkeepers, type of
task they are performing are the most significant factors to study effects on work efficiency. Noise monitoring,
as well as a questionnaire survey, was done in Surat city to collect desired data. A total of 17 parameters were
considered for assessing work efficiency under the influence of traffic noise. It is recommended that not more
than 6 parameters should be considered for ANFIS modeling hence, before opting for the ANFIS modeling,
most affecting parameters to work efficiency under the influence of traffic noise, was chosen by Structural
Equation Model (SEM). As a result of the SEM model, two ANFIS prediction models were developed to
predict the effect on work efficiency under the influence of traffic noise. R squared for model 1, for training
data was 0.829 and for testing data, it was 0.727 and R squared for model 2 for training data was 0.828 and
for testing data, it was 0.728. These two models can be used satisfactorily for predicting work efficiency under
traffic noise environment for open shutter shopkeepers in tier II Indian cities.
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1. Introduction

Present urban road traffic conditions are very dif-
ferent than it was in the last two decades due to in-
crease in population and rapid urbanization (Yadav,
Tandel, 2019). Especially in developing countries like
India, the number of vehicles is increasing day by
day irrespective of the capacity of road availability
(Tandel, Macwan, 2017). Due to this, in recent years
road traffic noise and its adverse and complex effects
on human beings are increasing (Banerjee, 2012).
These effects are both psychological and physiologi-
cal in nature (Ivošević et al., 2018). This paper is fo-
cused on one major physio-psychological effect of noise
pollution which is effect of noise on work efficiency.
The relation of cognitive work efficiency and noise ex-
posure is very complicated to measure with a linear

scale as it involves not only the workplace noise ex-
posure, but also a person’s socioeconomic status and
his/her personal characteristics (Eriksson et al., 2013;
Hancock, Vasmatzidis, 1998; Zaheeruddin, 2006).
Also, environmental conditions like ambient tempera-
ture and humidity in which a person is working can
also affect work efficiency when combining with noise
exposure (Singh et al., 2007; Bell, 1980).

To predict the exact nature of the effect on work
efficiency by noise pollution, one must consider all pos-
sible variables in which a person is working (Yadav,
Tandel, 2019). A study was conducted in Surat city
in the state of Gujarat, India for analyzing the effect
of noise pollution on roadside shopkeepers. The study
area chosen was one of the most important commer-
cial areas of Surat city, consisting of narrow lanes and
a very high number of open shutter shop keepers work-
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ing the whole day. The people working here are ex-
posed to the noise level of more than 77 dBA for more
than 12 hours daily (Yadav, Tandel, 2019) which
is clearly above permissible noise pollution standards
in India (CPCB, 2002). Also, a questionnaire survey
consisting of 24 questions was carried out on 700 in-
dividuals to understand the personal characteristics of
people working in the area and their attitude towards
road traffic noise in which they work daily. Due to
very huge and complex data, the developing predic-
tion model for work efficiency is very difficult (Recio
et al., 2016) with a high number of input variables
(Azadeh et al., 2015). So, for the elimination of un-
wanted variables and weakly correlated variables, two
statistical methods were used namely exploratory fac-
tor analysis (EFA) (Norris, Lecavalier, 2010) and
structural equation modeling (SEM). Both statistical
methods in the combine are widely used when one is
handling more than 20 variables at a time to under-
stand its inter-correlation as well as correlation with
output (Thompson, 2004; Liu et al., 2018).

Neuro-Fuzzy computing provides the system iden-
tification and interpretability of fuzzy models and
the learning capability of neural networks in a sin-
gle system (Ghosh et al., 2014). In the last decade,
various neuro-fuzzy systems have been developed
(Zaheeruddin, 2006). Among them, the adaptive
neuro-fuzzy inference system (ANFIS) provides a sys-
tematic and directed approach for model building and
gives the best possible design parameters in mini-
mum time (Tiwari et al., 2018). They have got wide
acceptance for modeling many real-world problems.
One such problem frequently encountered is the ef-
fects of noise pollution on human work efficiency. In
the present work, ANFIS was adopted because of the
advantages of both fuzzy computing and neural net-
work computing. Fuzzy computing is essential as the
data available is in linguistic form (Mallick et al.,
2009). Generally, when only a fuzzy computing tech-
nique is used for preparation of rule base, an expert
advice or knowledge base is required (Khambete,
Christian, 2014). Also, neural network trains the
data needed to form fuzzy rules. Hence, ANFIS was
used because it forms a fuzzy rule base using data col-
lected (Aliabadi et al., 2015). No expert advice is re-
quired, rules are formed using given input and output
data pairs (Rashid, 2012).

2. Methodology

The methodology to carry out this research consists
of two important phases. Phase one was to perform
noise monitoring to validate that the primary source
of noise in the area is road traffic (Yadav, Tandel,
2019). The second phase was to conduct a question-
naire survey to understand the attitude of shopkeep-
ers working in the traffic noise environment and their

awareness towards this problem. The questionnaire
was designed in such a way that all possible variables
which affect human cognitive work efficiency by noise
pollution were included in questions as shown in Ta-
ble 1. These variables were chosen on the basis of avail-
able literature (Pal, Bhattacharya, 2012; Baner-
jee, 2012; Zaheeruddin, Jain, 2008; Quartieri
et al., 2009). As it can be observed in Table 1, these
variables are a combination of personal characteristics
of a person, socio-economic status, environmental con-
ditions in which a person works and most importantly
prominent adverse effects of noise pollution. The ques-
tionnaire survey was conducted for the sample size of
700 people in the form of personal interviews. The sur-
vey was done in the local language “Gujarati”, to en-
sure that people answering the questions understand
the proper purpose of questions. To make it further
simple and also suitable for statistical analysis as well
as ANFIS modeling, answers were taken in the form of
five-point “Likert’s scale”, in the form of “very less (1)”,
“less (2)”, “moderate/medium (3)”, “high (4)”, and fi-
nally “very high (5)”.

Table 1. List of observed linguistic variables
(Yadav, Tandel, 2019).

Sr.
no.

Observed linguistic variables

1 Headache due to noise pollution
2 Hearing problem on work due to noise
3 Interference in spoken communication due to noise
4 Annoyance due to noise
5 Loss of concentration due to noise
6 Stress due to noise
7 Feeling of exhaustion due to noise
8 Customer rush
9 Effect of temperature
10 Effect of humidity
11 Daily working hours
12 Age
13 Working Years (work experience in the area)
14 Education Level
15 Difficulty performing the task due to noise
16 Level of comfort when not working in noise
17 Job satisfaction

Now after these two phases of data collection, the
goal was to construct a prediction model to predict
work efficiency in road traffic noise environment with
significant variables. The adaptive neuro-fuzzy infer-
ence system (ANFIS), is one of the best methods to
build upon this kind of prediction model. It is rec-
ommended that not more than 6 parameters should
be considered for ANFIS modeling (Zaheeruddin,
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Garima, 2006). Hence, before opting for the ANFIS
modeling, significant parameters to work efficiency un-
der the influence of traffic noise were chosen by Struc-
tural Equation Model (SEM). Integration of Structu-
ral equation modelling and exploratory factor analysis
was identified as suitable method to study noise ex-
posure effect on work performance efficiency (Yadav,
Tandel, 2021). In the study all possible variables af-
fecting work efficiency in the influence of noise pollu-
tion, found in literature were considered for analysis.
They comprise of important noise pollution effects, en-
vironmental conditions in which an individual is work-
ing and personal characteristics of the individual. Pri-
marily it was found that work efficiency of open shutter
shopkeepers is affected by important noise pollution
effects like headache, stress, annoyance, interference
in spoken communication, exhaustion etc. It was also
found that environmental conditions like temperature
and humidity also have slight effect on work efficiency.
So, it can be said that in high temperature conditions
like in summer season work efficiency will be less as
compared to in the winter season where temperatures
will be less. Lastly it was observed that the personal
characteristics like individuals age, working years and
education is having least or negligible effect on work ef-
ficiency when working in traffic noise pollution. Hence,
after the SEM, out of 17 variables 5 were chosen and
12 were discarded.

As a result of the SEM model, work efficiency un-
der influence of traffic noise can be predicted by calcu-
lating two parameters considered in the questionnaire
survey namely, ‘difficulty performing the task due to
noise’ and ‘level of comfort felt when not working in the
noisy area’. And these two parameters are a function of
five variables namely, ‘headache’, ‘stress’, ‘annoyance’,
‘loss of concentration’ and ‘interference in spoken com-
munication’. Hence, two ANFIS models are developed
to predict the outputs as 1. ‘Difficulty in performing
the task due to noise’ and 2. ‘Level of comfort felt
when not working in the noisy area’ which ultimately
gives the effect of traffic noise pollution on the work
efficiency.

3. Results and discussion

The purpose of constructing an adaptive neuro-
fuzzy inference system model is to predict the human
work performance efficiency of open shutter shopkeep-
ers in the noisy area as a function of most affecting
parameters obtained by the structural equation model.
From the structural equation model, it is observed
that the five most important factors influencing work
efficiency of open shutter shopkeepers are headache,
stress, annoyance, loss of concentration and interfer-
ence in spoken communication which are five inputs
for ANFIS model. On the other hand, the output “work
efficiency” also depends on two parameters combining

namely ‘difficulty in performing the task due to noise’
and ‘level of comfort felt when not working in the noisy
area’. As ANFIS is a multiple input single output sys-
tem (MISO), two models for the prediction of work
efficiency were constructed. For both models, the five
inputs were the same i.e. headache, stress, annoyance,
loss of concentration and interference in spoken com-
munication. Whereas the output of the first model is
‘difficulty in performing the task due to noise’ and out-
put of the second model is ‘level of comfort felt when
not working in the noisy area’. By assessing the out-
puts of these two models, work efficiency can be pre-
dicted. The implementation of model 1 and model 2 is
explained below.

3.1. Implementation of model 1

Model 1 was implemented in the ANFIS toolbox
of MATLAB R2014b software. The system is designed
using a Sugino fuzzy inference system. It is five inputs
and one output system as shown in Fig. 1. The in-
puts in the system are Headache, Stress, annoyance,
loss of concentration and interference in spoken com-
munication and output in the system is ‘Difficulty per-
forming the task due to noise’. The input parameters
are represented by fuzzy sets (or linguistic variables).
We have chosen gbell shaped membership functions to
characterize these fuzzy sets (Zaheeruddin, Garima,
2006). While designing the system, from a total of 700
data pairs, 400 were used for data training, 200 were
used for data testing and 100 were used for data check-
ing (validation). After loading data into the system the
ANFIS structure is generated which is given in Fig. 2.
A total number of 243 rules are formed, some of which
are given in Fig. 3. The hybrid learning rule is used to
train the model according to input/output data pairs.
The model was trained for 10 epochs and it was ob-
served that most of the learning was completed in the
first 2 epochs as the root mean square error (RMSE)
settles down to almost 0.544 at 2nd epoch. Figure 4
shows the training RMSE for the model.

Fig. 1. ANFIS model 1 representation.
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Fig. 2. ANFIS model 1 structure.

Fig. 3. ANFIS model 1 rule viewer.

Fig. 4. ANFIS model 1 training error.

After training, model results were tested with train-
ing data and checking data by plotting input against
training data and checking data. Figures 5 and 6 show
the plots of predicted output against training data and
predicted output against checking (validation data) re-
spectively. The root mean square error in checking data
was 0.711 as shown in Fig. 6. It was observed that in
both plots most of the predicted output is matching
with observed output. Very few data points are show-
ing distance from their respective observed output data
point. This is because of the fact that originally there

Fig. 5. The plot of predicted output against training data
for model 1.

Fig. 6. The plot of predicted output against checking data
(validation) for model 1.

were 17 parameters that were considered for modeling
from which 5 were selected by the structural equation
model, as they were showing high co-relation to the
desired output.

So, parameters that were not considered in the
ANFIS model also have very little impact on the de-
sired output which explains the RSME which settled
at 0.711. The correlation coefficient R squared was also
calculated for assessing model validity. R squared for
training data was 0.829 and for testing data, it was
0.727. R squared more than 0.7 shows a good correla-
tion between observed and predicted outputs.

The output of model 1 is presented in Fig. 7. As
shown in Fig. 7, five inputs are visible as headache,

Fig. 7. The output of the model 1.
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stress, annoyance, loss of concentration and interfe-
rence in spoken communication and output in the sys-
tem is ‘difficulty performing the task due to noise’. As
per need, we can change the input values for five in-
puts, the respective output will be calculated.

3.2. Implementation of model 2

Model 2 was implemented in the ANFIS toolbox
of MATLAB R2014b software. The system is designed
using a Sugino fuzzy inference system. It is five inputs
and one output system as shown in Fig. 8. The inputs
in the system are headache, stress, annoyance, loss of
concentration and interference in spoken communica-
tion and output in the system is ‘level of comfort when
not working in the noisy area’. The input parameters
are represented by fuzzy sets (or linguistic variables).
We have chosen gbell shaped membership functions to
characterize these fuzzy sets (Zaheeruddin, Garima,
2006). While designing the system, from a total of 700
data pairs, 400 were used for data training, 200 were
used for data testing, and 100 were used for data check-
ing (validation). After loading data into the system,
the ANFIS structure is generated which is given in
Fig. 9. A total number of 243 rules are formed, some
of which are given in Fig. 10. The hybrid learning rule
is used to train the model according to input/output
data pairs. The model was trained for 10 epochs and

Fig. 8. ANFIS model 2 representation.

Fig. 9. ANFIS model 2 structure.

Fig. 10. ANFIS model 2 rule viewer.

it was observed that most of the learning was com-
pleted in the first 2 epochs as the root mean square er-
ror (RMSE) settles down to almost 0.33 at 2nd epoch.
Figure 11 shows the training RMSE for the model.

Fig. 11. ANFIS model 2 training error.

After training, model results were tested with train-
ing data and checking data by plotting input against
training data and checking data. Figures 12 and 13
show the plots of predicted output against training
data and predicted output against checking (valida-
tion data) respectively. The root mean square error in

Fig. 12. The plot of predicted output against training data
for model 2.
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Fig. 13. The plot of predicted output against checking data
(validation) for model 2.

checking data was 1.107 as shown in Fig. 13. It was
observed that in both plots most of the predicted out-
put is matching with observed output. Very few data
points are showing distance from their respective ob-
served output data point. This is because of the fact
that originally there were 17 parameters that were con-
sidered for modeling from which 5 were selected by the
structural equation model, as they were showing high
co-relation to the desired output.

So, parameters that were not considered in the
ANFIS model also have very little impact on the de-
sired output which explains the RSME which settled
at 1.1074. The correlation coefficient R squared was
also calculated for assessing model validity. R squared
for training data was 0.828 and for testing data, it was
0.728. R squared more than 0.7 shows a good correla-
tion between observed and predicted outputs.

The output of model 2 is presented in Fig. 14. As
shown in Fig. 14, five inputs are visible as headache,
stress, annoyance, loss of concentration and interfe-
rence in spoken communication and output in the sys-
tem is ‘level of comfort when not working in the noisy

Fig. 14. The output of the model 2.

area’. As per need, we can change the input values for
five inputs, the respective output will be calculated.

4. Conclusion

Exploring traffic noise and its psychological effects
on human is difficult task due to its complex and uncer-
tain relationships in study parameters. This research
focused on modelling the performance of work effi-
ciency of shopkeepers exposed to high level of traffic
noise. A 12-hour day time noise and traffic survey were
carried on 5 stretches (10 locations) of urban area of
Surat city, India. This survey validated the hypothesis
that road traffic is the major source of noise, to which
these open shutter shopkeepers are exposed to.

700 respondents (shopkeepers) gave then responses
in the questionnaire survey conducted in local Gu-
jarati language. Out of the 17 linguistic variables,
5 significant variables were selected by means of ex-
ploratory factor analysis (EFA) and structural equa-
tion modelling (SEM). These five significant variables
are “headache”, “stress”, “annoyance”, “loss of concen-
tration”, and “interference in spoken communication”.
Two prediction models were tested by ANFIS tool
MATLAB R2014a which are:

(1) difficulty in performing task due to noise, and
(2) level of comfort felt when not working in the noisy

area.

Both the models have given satisfactory results
with good R squared value (0.727 for model 1 and
0.728 for model 2). Significantly less value of root mean
squared error in both the prediction models indicate
that five significant variables selected from initial sev-
enteen linguistic variables by exploratory factor analy-
sis (EFA) and structural equation modeling (SEM)
have strong correlation with the predicted output i.e.
work efficiency of shopkeepers. These developed mod-
els can satisfactorily predict effect on human work effi-
ciency under traffic noise environment for open shutter
shopkeepers.

The limitation of this study of predicting work ef-
ficiency of roadside shopkeepers of tier II Indian cities
can be extended and elaborated to all upper and lower
tier cities of India viz. tier I and tier III cities.
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