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Multiple Perceptual Map Generation using MDSvarext 

  By Moacyr Machado Cardoso Junior & Rodrigo Arnaldo Scarpel 
 Instituto Tecnológico de Aeronáutica, Brazil   

Abstract- Perceptual mapping is widely spread to assess perception in different areas, like 
marketing, political and social sciences, psychology and others. One opportunity for 
development is to add statistical inference on final configuration in order to consider inherent 
differences of a group of evaluators. The main objective is to produce multiple perceptual maps 
from focal panel and to incorporate the confidence regions of different evaluators into the visual 
representation using MDSvarext. The algorithm represents a joining of non metric 
multidimensional scaling, shape statistical tool, clustering techniques and non parametric 
estimation of variance-covariance matrix to generate a visual representation of object's 
perception and its confidence regions. An experiment to assess occupational risk perception has 
been run in order to demonstrate the method. The results showed that different perceptual maps 
are needed to encompass the variability of a focal group. The generated perceptual maps have 
different interpretations since the objects may be on opposite sides of the graph. The solution 
generated by MDsvarext was effective and statistical inference could be done. To explore the 
variability in focal groups is very important, and MDSvarext represents a path to be followed, 
since it was possible to visualize the differences that are statistical significant.     

Keywords: clustering, multidimensional scaling, perception, perceptual map, statistical inference. 
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Multiple Perceptual Map Generation using 
MDSvarext 

Moacyr Machado Cardoso Junior α & Rodrigo Arnaldo Scarpel σ 

Abstract- Perceptual mapping is widely spread to assess 
perception in different areas, like marketing, political and 
social sciences, psychology and others. One opportunity for 
development is to add statistical inference on final 
configuration in order to consider inherent differences of a 
group of evaluators. The main objective is to produce multiple 
perceptual maps from focal panel and to incorporate the 
confidence regions of different evaluators into the visual 
representation using MDSvarext. The algorithm represents a 
joining of non metric multidimensional scaling, shape 
statistical tool, clustering techniques and non parametric 
estimation of variance-covariance matrix to generate a visual 
representation of object's perception and its confidence 
regions. An experiment to assess occupational risk perception 
has been run in order to demonstrate the method. The results 
showed that different perceptual maps are needed to 
encompass the variability of a focal group. The generated 
perceptual maps have different interpretations since the 
objects may be on opposite sides of the graph. The solution 
generated by MDsvarext was effective and statistical inference 
could be done. To explore the variability in focal groups is very 
important, and MDSvarext represents a path to be followed, 
since it was possible to visualize the differences that are 
statistical significant. 
Keywords: clustering, multidimensional scaling, 
perception, perceptual map, statistical inference. 

I. Introduction 
erceptual maps are very useful and widely used 
among researchers of different areas, like 
marketing,  behavioral sciences, econometrics, 

social and political sciences and risk perception 
(Moreira, 2006; Slovic, 2001; Vanlaar and Yannis, 2006; 
Cardoso-Junior and Scarpel, 2010). 

Perceptual maps are obtained by 
multidimensional scaling (MDS), which is a statistical 
tool for dimensional reduction and visual representation 
of multivariate data.  

Starting with a dissimilarity matrix MDS solves 
the problem of representing data in low dimensional 
space by making the inter-objects distance in low 
dimensional space as close as possible to the initial 
dissimilarity. 

Statistical inference for MDS problems have 
been well debated in the past. Some researchers 
suggested that MDS should remain only as an 
exploratory technique or a visual representation of data. 
Nevertheless other researchers  state  that  some  efforts  
Author α σ: Instituto Tecnológico de Aeronáutica – ITA, Praça Mal. 
Eduardo Gomes, 50, Vila das Acácias – São José dos Campos – SP – 
12.228-900 – Brazil. e-mail: Moacyr@ita.br 

should be done to incorporate statistical inference in 
MDS models. (Cox and Cox, 2001) 

One relevant question that arises refers to 
uncertainty of the final position of objects in MDS 
representation, especially if one is dealing with three-
way MDS, which considers a group of different persons, 
assessing several objects on many attributes. 

This paper presents the Multidimensional 
Scaling External Variability (MDSvarext) algorithm 
developed by Cardoso-Junior and Scarpel, (2012) that 
is an alternative to solve the problem of representing 
data originated in focal group studies which involves 
ordinal scales of judgment and inherent subjectivity. 

The expected contribution of the work is to 
produce multiple three-way perceptual maps using 
visualization techniques of non metric multidimensional 
data, aided by a statistical shape tool. The 
methodological approach employed in this study was 
an exploratory research. 

This paper aims to: i) obtain multiple perceptual 
maps using MDSvarext, ii) Present an experimental data 
set collected within a focal group and to represent it in a 
multiple perceptual map, iii) Split the focal group into 
homogeneous clusters, iii) to test statistical differences 
between intra-clusters objects. 

This paper is organized as follows: the 
motivation and objectives for development of this work 
are presented in section 1. In Section 2 the theoretical 
framework of MDSvarext and three-way perceptual map 
generation are shown. In Section 3 we present the data 
and results obtained in this study. Section 4 presents 

the final considerations. 

II.
 

Theoretical
 Framework

 

a)
 

MDSvarext algorithm
 

The MDSvarext algorithm is used to incorporate 
the variability inherent to group of evaluators into 
the perceptual map obtained via non metric 
multidimensional scaling (NMDS). The MDSvarext 
method has four phases: Dimension reduction, 
Configuration alignment and Clusterization, and 
Inferential analysis, as proposed by Cardoso-Junior and 
Scarpel, (2012).

 

In the first phase, based on individual 
dissimilarity matrices D, a SMACOF solution algorithm, 
proposed by De Leeuwn (1977) is applied in order to 
reduce dimensions.
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The SMACOF – Scaling by MAjorizing a 
COmplicated Function algorithm is used because we 
can guarantee a solution with monotone convergence of 
the Stress function, (Eq.1), proposed by Kruskal (1964). 
 

𝜎𝜎𝑟𝑟(𝑋𝑋) = 𝑤𝑤𝑖𝑖𝑖𝑖 ��𝑑𝑑𝑖𝑖𝑖𝑖 − 𝛿𝛿𝑖𝑖𝑖𝑖 �
2

𝑛𝑛

𝑖𝑖<𝑖𝑖

 (1) 

 
where 𝑤𝑤𝑖𝑖𝑖𝑖  represents weights, n denotes the 

number of empirical objects, 𝛿𝛿𝑖𝑖𝑖𝑖  is the dissimilarity 
between i and j, 𝑑𝑑𝑖𝑖𝑖𝑖  is the Euclidian distances between 
objects i and j in final space. 

The main idea of SMACOF is to replace, 
iteratively, the original complicated function f(x) by an 
auxiliary function g(x;z). z is a known constant. The g 
function should comply with the following requisites, in 
order that g(x;z) be a majorizing function for f(x): 

• auxiliary function g (x, z) should be easier to 
minimize than f (x); 

• the original function must be less than or at most 
equal to the auxiliary function f (x)<= g (x, z); 

• auxiliary function must touch the surface at the point 
of support z: f (z)<= g (z, z); 

A low dimensional configuration is obtained in 
this phase. 

In the second phase, the final individual 
configurations obtained from each judge, which are 
invariant to rotation, reflection and translation are 
submitted to Generalized Procrustes Analysis (GPA) in 
order to align the different configurations and obtain a 
consensual configuration through admissible rigid 
transformations. The final configurations are aligned 
according to a criterion of coordinate error minimization. 

According to Brombin and Salmaso (2009), 
GPA is a statistical shape tool.  The term shape is 
defined by the authors as associating the geometric 
properties of a configuration of points that are invariant 
to changes in translation, rotation, and scale. Direct 
analysis of a set of points is not ideal because of the 
presence of systematic errors, such as position, 
orientation and size, and GPA is usually used to conduct 
reliable statistical analysis, eliminating factors that are 
not related to the shape and aligning the configurations 
for a system of common coordinates. 

GPA is a multivariate statistical technique 
involving three empirical dimensions: the objects 
studied, the people judging the objects, and the 
attributes by which the objects are judged. GPA is ideal 
for analyzing data from different individuals according to 
Dijksterhuis and Gower (2010). 

The transformations allowed in GPA are 
translation, rotation/reflection, and isotropic scaling, so 
that the relative distances between the objects remain 
unchanged as cited by Rodrigue, (1999).  

Gower (1975) proposed an algorithm for the 

iterative solution of GPA, which has the following steps: 

• Centralize each input matrix and then scale it by a 
constant 

𝜌𝜌 =
𝑚𝑚

∑ 𝑡𝑡𝑟𝑟(𝑋𝑋𝑖𝑖𝑇𝑇𝑋𝑋𝑖𝑖 )𝑚𝑚
𝑖𝑖=1

 

where m is the number of configurations. 

• Using the centered and scaled configurations, 
rotate X2 to X1, (𝑋𝑋2 ∗ 𝐻𝐻 , H is obtained by svd 
decomposition of 𝑋𝑋2

𝑇𝑇𝑋𝑋1 ) and compute Z as the 
average of the two the current configurations, 
(𝑋𝑋1+𝑋𝑋2∗𝐻𝐻

2
). The configuration X3 is then rotated to Z. 

Z is then updated. This procedure is used until the 
final configuration is reached. The final value of Z is 
named the Configuration or space consensus. 

• Calculate the sum of squared residuals as 𝑆𝑆𝑟𝑟 =
𝑚𝑚�1− 𝑡𝑡𝑟𝑟(𝑍𝑍𝑇𝑇𝑍𝑍)� and adjust 𝜌𝜌0 = 1(𝑖𝑖 = 1, … ,𝑚𝑚); 

• For j = 1,..m, rotate the current configuration to 
adjust Z, calculating 𝜌𝜌𝑖𝑖𝑋𝑋𝑖𝑖𝐻𝐻𝑖𝑖 , where H is the rotating 
matrix. Calculate then, 𝑍𝑍∗ as the mean of 𝑋𝑋𝑖𝑖  and 
𝑆𝑆𝑟𝑟∗ = 𝑆𝑆𝑟𝑟 −𝑚𝑚(𝑍𝑍∗𝑇𝑇𝑍𝑍∗ − 𝑍𝑍𝑇𝑇𝑍𝑍). Make 𝑆𝑆𝑟𝑟∗∗ = 𝑆𝑆𝑟𝑟∗. 

• If the change in residuals 𝑆𝑆𝑟𝑟 − 𝑆𝑆𝑟𝑟∗∗ ≥  𝜁𝜁 , adjust 
𝑆𝑆𝑟𝑟∗∗ = 𝑆𝑆𝑟𝑟∗, and go back to 4. 

This step is repeated until the criterion of 
tolerance is achieved, usually 0.0001. 

In the third phase of MDSvarext, clusters shall 
be generated using the non-hierarchical K-means 
method, which seeks to maximize the distance between 
different clusters and to minimize the intra-cluster 
distances. 

The K-means algorithm follows the formulation 
by mathematical programming, referred by Webb 
(2002). 

∑∑ ∑
= = =









−

n

1i 1

2
1

p

1j

2)(  
k

c
cjijic mxzMin  

(2) 

𝑆𝑆𝑇𝑇.�𝑍𝑍𝑖𝑖𝑖𝑖 = 1, 𝑖𝑖 = 1, … ,𝑛𝑛
𝑘𝑘

𝑖𝑖=1

  

𝑍𝑍𝑖𝑖𝑖𝑖 = �1, 𝑖𝑖𝑖𝑖 𝑖𝑖𝑛𝑛𝑖𝑖𝑡𝑡𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖 𝑖𝑖 𝑏𝑏𝑖𝑖𝑏𝑏𝑏𝑏𝑛𝑛𝑏𝑏𝑖𝑖 𝑡𝑡𝑏𝑏 𝑖𝑖𝑏𝑏𝑐𝑐𝑖𝑖𝑡𝑡𝑖𝑖𝑟𝑟 𝑖𝑖
0, 𝑏𝑏𝑡𝑡ℎ𝑖𝑖𝑟𝑟𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖

�  

Where in 

p1,...,j   andk   1,...,c        
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In which mcj

 

is the cluster´s centroid c

 

in 
dimension j, k

 

is the number of clusters and p

 

the 
number of dimensions considered.

 

After separation of the judges into clusters, the 
algorithm MDSvarext obtains the consensus solutions 
for each group and uses a nonparametric method to 
estimate the variance-covariance matrices (fourth phase) 
and to represent the confidence regions for each cluster 
generated. The Bootstrap method was used, as it is not 
necessary to hypothesize about the coordinate’s 
probability distribution obtained via MDSvarext.

 

Bootstrap is based on intensive computation in 
place of theoretical analysis, providing answers to 
problems that are too complex for traditional 
approaches as well as to simpler problems. It has been 
made a suitable option by the sharp decline in 
computational costs (Efron; Tibshirani, 1986).

 

The Bootstrap strategy is implemented by the 
construction of B random samples of equal size to the 
original set with replacement. The Monte Carlo algorithm 
is then executed in three phases:

 

•

 

A random number generator independently builds a 
large number of Bootstrap samples, 
denominated𝑦𝑦∗(1),𝑦𝑦∗(2), … ,𝑦𝑦∗(𝐵𝐵);

 
•

 

For each Bootstrap sample 𝑦𝑦∗(𝑏𝑏) , it evaluates 

              
the statistic of interest, such as Θ�(𝐵𝐵) =
Θ�(𝑦𝑦∗(𝑏𝑏)),

       

𝑏𝑏 = 1,2, … ,𝐵𝐵

 
•

 

It calculates the covariance-variance matrix Θ�
∗(𝑏𝑏)

  
In this work we used B=10.000, in order to 

ensure the convergence of the real value of the 
covariance-variance matrix.

 b)

 

Clustering Judgment

 
The metrics used to validate the number of 

clusters or classes in which data are partitioned can be 
divided into two major groups: Internal and stability, as 
proposed by Brock et al. (2008).

 
For the purposes of this work we selected only 

internal validation metrics. We selected measures that 
reflect compaction, connectivity and separation of the 
generated clusters.  Connectivity refers to the extent to 
which an instance is allocated to the same cluster of its 
immediate neighbors. Compaction evaluates the 
homogeneity of cluster usually calculated with intra-
cluster variance, while separation quantifies the degree 
of separation of clusters, usually by measuring the 
distance between centroids. Since compaction and 
separation have opposite tendencies, namely, 
compaction increases with the number of groups, and 
the separation decreases, one option is to combine the 
two metrics. Two measures that represent a non-linear 
combination of compaction and separation are 
represented by Dunn index and Silhouette’s width. 
(Everitt et al., 2001)

 

The connectivity is defined by: 

                          𝑖𝑖𝑏𝑏𝑛𝑛(𝐶𝐶) = ∑ ∑ 𝑥𝑥𝑖𝑖 ,𝑛𝑛𝑛𝑛𝑖𝑖(𝑖𝑖 )
𝑀𝑀
𝑖𝑖=1

𝑁𝑁
𝑖𝑖=1

            (3) 

where N represents the total number of 
observations or instances and M is the number of 
dimensions. 

𝑛𝑛𝑛𝑛𝑖𝑖(𝑖𝑖 ) is the j-th nearest neighbor of instance i in 
dimension j, and 𝑥𝑥𝑖𝑖 ,𝑛𝑛𝑛𝑛𝑖𝑖(𝑖𝑖 ) = 0  if i and j are in the same 
cluster and 1/j otherwise. 

Connectivity range is 0 ≤ con(C) ≤ ∞ , and it is 
a metric that should be minimized, that is, the lower the 
value the better the structure proposed by the algorithm, 
as cited by Everitt et al. (2001). 

The Dunn index is the ratio of the shortest 
distance between instances that are not in the same 
cluster and maximum distance intra-cluster. The Dunn 
index value varies from 0 to 1 and the closer to 1 the 
better the result, according to Brock et al. (2008). 

The Silhouette’s width was proposed by 
Kauffman and Rousseeuw, (1990) and recommended 
by Everitt et al. (2001). For each instance i an index S(i) 
∈ [-1,1] is calculated. S(i) measures the difference 
between b(i) and a(i), where a(i) is the mean dissimilarity 
of instance i in relation to their cluster and b(i) is the 
average dissimilarity of the instance i for all instances in 
the nearest cluster. When S(i) is close to 1 instance i is 
closer of its cluster than to the nearest neighbor cluster, 
and thus represents a good allocation. When S(i) is 
close to -1, the instance is poorly allocated. The authors 
of the proposal also indicates that values above 0.5 
represent a good result and values below 0.2 may 
indicate the absence of clear structure of the data. 
Finally, Everitt et al. (2001) warn that it is not prudent to 
rely on only one of the metrics to select the optimal 
number of clusters. 

III. Results 

In order to verify the results obtained by the 
MDSvarext we collected data to establish the multiple 
perceptual map. The main objective was to assess the 
perception of a focal group of safety engineer´s 
students regarding occupational risks. For this purpose 
a questionnaire was applied. The questionnaire listed 10 
objects. The objects represent occupational risks that 
are classified into two major groups: physical and 
chemical agents as shown in Table 1. For each object 
the respondents were asked to assign scores on a Likert 
scale from 1 to 7 in nine dimensions, as Table 2. The 
forms provided to respondents contained objects 
arranged in a random way, aiming to eliminate any 
possibility of systematic error in data collection. 
Respondents were only given instructions on how to fill 
the form, using the Likert scale, with no explanation of 
the meaning of each object. The focal group comprised 
14 students from a Safety Engineering course. 
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Table 1 : Objects for Occupational Risk Perception Study 

Physical Agents
 

Chemical
 
Agents

 

Noise
 

Silica
 

Heat
 

Lead
 

Vibration
 

manganese
 

UV radiation
 

Benzene
 

 
mercury

 

Nano materials
 

 

Table 2 : Dimensions of risk perception and their Likert scales, according to Sjoberg,                                                          
Bjorg-Elin and Rundmo, (2004). 

Dimensions
 

Scale
 

Willingness to risk.
 

People "take" this risk voluntarily
 Voluntary  Involuntary

 

1   2   3   4   5   6   7
 

Time to Effect.
 

To what extent there is risk of immediate death or the risk of death is delayed.
 Immediate             Late

 

1   2   3   4   5   6    7
 

Knowledge of Risk. –
 
Exposed.

 

To what degree the risk is known by people who are exposed to it.
 Known           Not Known

 

1   2   3   4   5   6   7
 

Knowledge of Risk. -
 
Science

 

To what degree the risk is known to science.
 Known           Not Known

 

1   2   3   4   5   6   7
 

Control of Risk.
 

If you are exposed to risk, to what extent you can, because your skills, avoid 
death while engaged in activity.

 
Incontrollable   Controllable

 

1   2    3    4    5    6   7
 

Newness.
 

This threat is new or old, familiar
 New                        Old

 

1   2   3   4   5   6   7
 

Chronic-Catastrophic.
 

This risk kills one person at a time (chronic) or risk kills
 
a large number of people 

at once (catastrophic)
 

Chronic        Catastrophic
 

1   2   3   4   5   6   7
 

Common-Feared.
 

 
Common   Feared

 
 

 
 

 
 

 

The raw matrices, with 10 objects and 9 
dimensions, obtained from students were then 
submitted to MDSvarext. The first checkpoint is to verify 
what is the ideal number of dimensions. Usually 2 or 3 
dimensions are recommended for better visualization of 
data.

 

Figure 1 shows the Scree Plot of the adjustment 
of Stress function and dimension. What can be seen is 
that for two dimensions we obtain the greatest decrease 
in stress function, thus, this is the dimension to be 
adopted for data representation.

 

 

Figure 1 : Scree Plot for MDS-SMACOF 

© 2014  Global Journals Inc.  (US)
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People have learned to live with this risk and may decide to quietly about the 
same, or is a risk that people have a great fear

            
1   2   3   4   5   6   7

Severity of Consequences.
What is the likelihood that the consequence of that risk is fatal

Not Fatal                Fatal
1   2   3   4   5   6   7

Multiple Perceptual Map Generation using MDSvarext



The SMACOF solution was obtained with 
SMACOF package of statistical software, R, version 
2.15.0. implemented by De Leeuwn and Mair (2009). 
GPA was performed using the statistical software R and 
the SHAPES package written by Dryden, (2009). 

After running the algorithm MDSvarext the 

perceptual maps obtained can be seen in Figures                    

2 and 3. 

 

  
  

                 Figure 2 : MDSvarext solution – Cluster #1                 Figure 3 : MDSvarext solution – Cluster #2 

The clustering process generated two 

perceptual maps. These clusters have different 
interpretations, but overall both groups perceive the 

physical and chemical hazards as different. As can be 
seen in Figures 2 and 3 groups are on different sides in 
the generated maps. One exception is “mercury” in 
cluster 1. 

The number of generated clusters was validated 
with the assistance of clValid package implemented on 
software R by Brock, (2011). The results are shown in 
Table 3.

 

Table 3
 
:
 
Results of internal validation using 

                     

clValid package
 

Clustering 
Methods/ 
Metrics

 
Optimal 

# of 
clusters

 
hierarchical

 

Optimal 
# of 

clusters

 
kmeans

 

Connectivity

 

2

 

3.8579

 

2

 

3.8579

 

Dunn

 

2

 

1.4407

 

2

 

1.4407

 

Silhouette

 

2

 

0.7115

 

2

 

0.7115

 
 

We can extract from Table 3
 
that the results 

obtained
 
with two

 
different

 
clustering

 
algorithms,

 
one 

hierarchical
 
and

 
the other non-hierarchical, the last one 

proposed
 
to run

 
along with

 
the algorithm

 
MDSvarext. In 

both
 

cases the optimal number of
 

clusters
 

to be 
generated

 
was two.

 
 

Finally the last phase of the algorithm generates 
the confidence regions using a nonparametric 

technique, Bootstrap. To demonstrate the solution 
obtained for the two clusters, we selected only two risks. 
They are on opposite sides of the map, and belong to 

different groups of risks. The depiction of only two risks 

has the sole purpose of generating a clean map. 

In Figure 4 it could be seen the confidence 
regions representation for “NOISE” and “MANGANESE” 
in cluster 1. What can be observed is that the two risks 

are perceived differently for cluster 1. 

 

Figure 4 : Confidence Regions, for cluster 1, α=0.25 
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The students

 

belonging

 

to cluster #2

 

were not

 

able to discriminate

 

the two

 

risks

 

statistically, as can be 
seen

 

by the

 

overlapping

 

ellipses.

 

It should be emphasized

 

that

 

this analysis

 

using

 

focal group, with only

 

14

 

students, or sometimes

 

even 
less

 

is

 

quite usual

 

due to the costs

 

for

 

obtaining a

 

very 
large sample. And

 

the method proposed is

 

suitable

 

from 
the

 

statistical point of view, to deal with

 

small samples.

 
IV.

 

Conclusions

 
The main conclusion of this paper is that 

perceptual maps generated from individual subjectivity 
analysis have large variance due different perception 
inherent to a focal group. The proposed MDSvarext

 

deals with that problem by generating more than one 
perceptual map, which reduces variability by splitting 
the data in more homogeneous subgroups. This finding 
could help researchers to better interpret data from 
subjectivity studies.

 

The problem of optimal number of clusters to 
be generated is not overcome, and more efforts should 
be done in order to fulfill this gap, but it is beyond the 
scope of this paper.
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Empirical Methods of Capacity Estimation of Urban Roads 

  By Mr. V Suresh & Dr. G Umadevi 
 Indian Institute of Technology Madras, India   

Abstract- Determination of road capacity is a major issue for transport planners. Capacity is defined as the maximum 
number of vehicles that can be accommodated per unit time under given condition of occurrence. Capacity studies 
for heterogeneous traffic situations are very complex and only limited studies undertaken. Here again there are 
several methods of estimation of capacity. However the major types of estimation can be classified under two broad 
categories as Direct Empirical Methods and Indirect Empirical (Simulation) Methods. Because of the complexity of 
the heterogeneous, high volume traffic on Indian urban roads, it is appropriate to model the flow parameters and 
adapt direct empirical methods for estimation of capacity.  

In this paper an attempt is made to study the fundamental details of traffic flow and evaluate the capacity of 
urban mid block section, particularly for a two lane divided cross section. The traffic data at ten locations in Chennai 
city was collected through video graphic survey. Detailed extraction of traffic headway (inter arrival time), volume and 
speed were made for every 5 minute time interval, covering both the peak and non peak period. Using the 
fundamental parameters, capacities of sections were evaluated by three methods, namely Headway method, 
Observed volume method and Fundamental diagram method.  

Detailed analysis of the arrival pattern of vehicles was made and appropriate distribution identified to get the 
mean headway. The Selected Maxima method assumes that the capacity state is reached during the survey period. 
As against the normal time slice of 15 minutes, a 5 minute time slice was considered for identifying the peak flow 
rate. In the third approach, a plot was made between traffic flow in PCU and the speed, to compare the relationship. 
Since the data was scattered, the enveloping curve technique was adopted, even though the usual pattern of speed 
flow curve is parabolic.     

Keywords: urban roads – heterogeneous traffic – headway – volume – fundamental diagram – 
empirical  methods – capacity.  
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Empirical Methods of Capacity Estimation of 
Urban Roads 

Mr. V Suresh α & Dr. G Umadevi σ  

Abstract- Determination of road capacity is a major issue for 
transport planners. Capacity is defined as the maximum 
number of vehicles that can be accommodated per unit time 
under given condition of occurrence. Capacity studies for 
heterogeneous traffic situations are very complex and only 
limited studies undertaken. Here again there are several 
methods of estimation of capacity. However the major types of 
estimation can be classified under two broad categories as 
Direct Empirical Methods and Indirect Empirical (Simulation) 
Methods. Because of the complexity of the heterogeneous, 
high volume traffic on Indian urban roads, it is appropriate to 
model the flow parameters and adapt direct empirical 
methods for estimation of capacity. 

In this paper an attempt is made to study the 
fundamental details of traffic flow and evaluate the capacity of 
urban mid block section, particularly for a two lane divided 
cross section. The traffic data at ten locations in Chennai city 
was collected through video graphic survey. Detailed 
extraction of traffic headway (inter arrival time), volume and 
speed were made for every 5 minute time interval, covering 
both the peak and non peak period. Using the fundamental 
parameters, capacities of sections were evaluated by three 
methods, namely Headway method, Observed volume 
method and Fundamental diagram method. 

Detailed analysis of the arrival pattern of vehicles was 
made and appropriate distribution identified to get the mean 
headway. The Selected Maxima method assumes that the 
capacity state is reached during the survey period. As against 
the normal time slice of 15 minutes, a 5 minute time slice was 
considered for identifying the peak flow rate. In the third 
approach, a plot was made between traffic flow in PCU and 
the speed, to compare the relationship. Since the data was 
scattered, the enveloping curve technique was adopted, even 
though the usual pattern of speed flow curve is parabolic. 

7m) urban mid block road section was found to be 5649, 5336 
and 5146 PCUs by the headway, volume and fundamental 
diagram methods respectively. It is observed that the capacity 
values are much higher than the recommended values by 
Indian Roads Congress (IRC). The reason for this is mainly 
due to the Passenger Car Equivalent values adopted for 
different category of vehicles, as recommended by IRC, which 
requires to be studied in detail. 
Keywords: urban roads – heterogeneous traffic – 
headway – volume – fundamental diagram – empirical 
methods – capacity. 
 
 

   
 

 
 

I. Introduction 

etermination of the capacity of roads is a major 
issue in the analysis of transportation flow. The 
capacity of a road is defined as the maximum 

number of vehicles, per unit time, which can be 
accommodated under given condition with a reasonable 
expectation of occurrence. 

The capacity and other flow characteristics 
depend heavily on driver behaviour and the traffic 
composition. It also depends on the physical and 
environmental conditions such as the geometric design 
of facilities, the weather and the lighting. Capacity is only 
a probabilistic measure. There are variations from time 
to time and place to place in the maximum number of 
vehicles that can be accommodated by similar facilities. 
All the variations cannot be accounted for accurately by 
the normal determinants of capacity. Since there will be 
random variation in the number of vehicles that can be 
accommodated over very short time interval, the 
capacity is best thought of as the maximum average 
flow rate that can be sustained. 

II. Need and Objective 

The literature on road capacity is very diverse. 
Many developed countries, like USA, UK, Japan, 
Australia, Sweden, China, and Indonesia have 
developed capacity manuals. The US highway capacity 
manual has prepared several graphical and 
mathematical forms to take care of most of the 
important parameters affecting the capacity. However, 
India still does not have a comprehensive capacity 
manual for our roads. Based on the limited studies 
carried out so far, the Indian Roads Congress (IRC) has 
suggested service volume for different categories of 
urban roads (IRC 106, 1990). An attempt is made in this 
study to estimate the capacity of urban mid block 
sections, more particularly, of two lane (divided) roads. 
In doing so, the basic parameters of flow like headway 
(inter arrival time), volume and speed are studied and 
used to estimate the capacity by various direct empirical 
methods. 

III. Literature Review 

According to Taylor and others (Taylor, 1998), 
video techniques have the potential to provide a cheap, 
quick, easy and accurate method of investigating traffic 
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systems. Video tapes of traffic counts contain much 
more information than what the manual recorder can 
collect.  

Isaac and Veeraraghavan (Isaac, 1995) have 
attempted to study the headway distribution under 
mixed traffic flow conditions. Various distribution models 
like Negative exponential. Shifted negative exponential, 
Erlang, Log-normal, Double exponential (Schul’s model) 
and Tripple exponential models were tried and they have 
reported that no definite conclusion can be arrived 
regarding the suitability of the models for different 
volume levels and the percentage composition of 
vehicle types. It is also reported that the variation in 
width of the road do not have influence on the 
distribution. The study has also suggested that the 
exponential distribution (for flow less than 500 vph), 
Shifted exponential distribution (for 500 – 2000 vph) and 
Erlang or composite distribution (for 2000 to 3000 vph) 
may be adopted for a mixed traffic flow (for a 
composition of about 20% of 4-wheerlers. 30% autos 
and 50 % two wheelers): 

A study by Chang and Kim (Chang, 2000) has 
analysed the quantitative methods to define capacity by 
evaluating the headway and volume distribution from 
observed traffic flow. Statistical distributions of observed 
traffic flow were used to remove long headways and 
reduced cumulative distribution of volumes was only 
considered. The authors have concluded that the 
rational alternative is to take the 95 % cumulative 
distribution of observed traffic flow, eliminating 5 % of 
long headways. 

Reddy and Issac (Reddy, 1995) have attempted 
to calculate the practical capacity values of some 
selected sections on urban roads based on headway 
analysis. The practical capacity has been calculated 
based on weighted mean, median, mode and lower 
mean headway of different classes of vehicles at 
different volume levels. It was observed that negative 
exponential distribution was found to be fitting well for 
vehicle volume less than 720 vph, whereas Erlang 
distribution fitted well at higher volume level of 1440 to 
2880 vph.  

Hoogendoorn and Bovy (Hoogendoorn, 1999) 
have extended the generalised queueing model (GQM) 
to headway observations, segregated according to 
vehicle type. The estimation method developed is based 
on the minimization of an integrated squared error 
distance in the frequency domain. In the study, a new 
approach for modeling mixed- vehicle- type headway 
distributions was adopted. The model is a 
straightforward modification of the GQM and 
distinguishes among different vehicle types (eg. 
Passenger cars, articulated trucks, unarticulated trucks, 
recreational vehicles, motorbikes). It was expected that 
because of differences in driving behaviour among 
vehicle types, bike-type specific headway distributions 
will exhibit different parameter values.  

Arasan and Koshy (Arasan, 2003) have reported 
that the negative exponential distribution is adequate to 
model headways. It was observed that even during 
medium and heavy flow conditions, the flow is 
unconstrained for a considerable proportion of smaller 
vehicles (two wheelers) and thus their arrivals are in the 
random state. 

Katti and Pathak (Katti, 1985) has analysed 
various headway distribution models for urban roads 
under mixed traffic conditions. It was observed that 
opportunities for passing depend upon the width of the 
road and vehicle size, which has direct influence on the 
choice of the headway model.

 

According to Chandra (Chandra, 2001), the 
exponential and log-normal distributions are not able to 
describe headway distribution under mixed traffic 
conditions. The hyperlang distribution was found to be 
sound and quite versatile for this purpose and can be 
fitted to a wide range of traffic volumes.

 

The case study of time headways from Riyadh 
(Al-Ghamdi, 2001) indicate that though observed 
headways at arterial sites follow a Gamma distribution, 
distributions that fit freeway headways differ according 
to the traffic flow state. The Erlang distribution was found 
to provide a good fit to the observed headway at sites 
with high traffic flows.

 

It can be seen that different studies have found 
various distribution to describe the traffic pattern on 
roads.

 

IV.
 

Methodology
 

There are different methods of estimating the 
capacity values. Based on the data used and the 
strategy adopted, the methods are classified as direct 
empirical and

 
indirect empirical methods (Minderhound, 

1997). The basic data that are required for estimation of 
capacity are roadway width, headway, volume, speed 
and density. In the direct empirical methods, the 
observed data are used to estimate the capacity 
directly. However in the case of indirect methods, the 
observed data are calibrated and computer 
programmes developed for estimation of capacity. 
Sophisticated simulation models have been developed 
to predict the flow characteristics and to estimate the 
capacity by many researchers. In the context of Indian 
urban roads, the understanding of the traffic flow is very 
limited due to the following reasons; the influence of 
various types of vehicles sharing the carriageway, the 
behaviour of drivers, lack of awareness and adherence 
of traffic rules, non standard lane widths, bad road 
surface conditions etc. Unless a detailed study is carried 
out along the lengths and breadths of our country to 
understand and model the various parameters of traffic 
flow and other impedance of flow, the simulation model 
approach may not be accurate to predict the capacity. 
Since the direct empirical methods are less cost 
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intensive and can give capacity value to the desired 
accuracy, it is felt that the direct empirical methods are 
the more appropriate way of estimating the capacity of 
roads for Indian conditions. 

Depending on the availability of time, manpower 
and cost, several methods are available to estimate the 
capacity of roads. The different approach requires 
various data from just the carriageway width to volume, 
speed and density of traffic at a particular location. In 
this attempt the following three approaches were 
considered to estimate the capacity: 

- Headways 

- Volume 

- Volume and Speed (Fundamental diagram)  

a) Headway 
Headway is the time separation of vehicles in 

the traffic stream and is usually measured in fraction of a 
second. Headways are measured between common 
points or successive vehicles; time gap are measured 
from the rear of one vehicle to the front of the next. The 
distribution of these headways has long been a subject 
of study. Even though several attempts have been made 
to find the distribution of headways under homogeneous 
traffic following lane discipline, the studies under mixed 
traffic conditions are very few. The distribution tried for 
flow under homogeneous conditions include negative 
exponential, shifted exponential, gamma, erlang, log-
normal etc for varying traffic volume. 

For traffic under mixed conditions, exponential, 
erlang, normal and log-normal distributions for various 
volume levels have been attempted. In the context of the 
Indian urban traffic flow conditions, it would be 
appropriate to consider the full road width, instead of 
individual lanes for the study since all vehicles are free 
to use any part of the carriageway. The capacity at a 
cross section of the road can be estimated with the 
reciprocal of the mean time headway of the vehicles as 
given below:  

Q= 1 / h (vehicles per second) or Q = 3600 / h 
(vehicles per hour). 

The advantage of this model is that only 
headways at one cross section of the road at intensity 
below capacity are required. It is not necessary to wait 
for a traffic state at about capacity level. 

b) Volume 
Capacity estimation by this method is made 

solely with the observed traffic volume. In the observed 
extreme value method, the estimation of capacity is by 
using known maximum traffic volumes observed over a 
period of time. The data to be used for this Selected 
Maxima method is the hourly traffic volume of flow rates 
observed in an averaging interval of less than one hour 
(either 15 mts. or 5 mts. intervals). The basic 
assumption of this method is that the capacity state of 
the road is reached during the survey period. The 

capacity qc
 is assumed to be equal to the maximum 

traffic flow observed during the observation period.  

c)
 

Volume and Speed (Fundamental Diagram)
 

This approach is based on the basic stream 
flow diagram or Fundamental diagram. The existence of 
relationship between the two important variables namely 
traffic volume and harmonic mean speed is used to 
estimate the capacity. The traffic characteristic, Flow (q) 
is defined as the number of vehicles passing a specific 
point or short section in a given period of time, which is 
expressed as hourly rate (vph). One unique flow 
parameter is maximum flow or capacity (qmax). Speed (u) 
is defined as the average rate of motion and is 
expressed in km / hr. In this study, the main focus is on 
the mid block sections with no obstructions for flow of 
traffic. Hence the speeds are measured using spot 
speed technique where the time taken to cover the 
predetermined length was recorded. The spot speeds 
are usually higher than the average stream speed, since 
there are no delays in the short distance of the mid 
block. From the speed-flow diagram, the flow 
corresponding to the maximum flow is taken as the 
Capacity (q max).

  

V.
 

Data
 
Collection

 

The data for the present study was collected at 
ten mid block sections of four lane divided (2 lanes on 
either side) roads in Chennai city. The video recording 
technique was used to collect the data because of its 
advantages over the manual and conventional method 
of collection. A reconnaissance survey was done initially 
to select the site. The mid block stretches selected were 
straight, level and free from any obstructions / 
restrictions to traffic movement. There were raised foot 
path on either sides and the divider was fixed. The road 
stretches were selected so that the carriageway widths 
varied from 6.5 m to 9.0 m. The road links were 
identified based on the traffic and their characteristics. 
To have a good representation of the whole study area, 
i.e. the Chennai city, the road stretches were selectively 
chosen from the three parts of the city ie. South, North 
and Central. Based on the city road map and discussion 
with experts, the first list of locations was drawn. A 
reconnaissance survey of all the road links was made to 
see the actual site conditions and the geometrics. The 
exact survey locations were frozen after ascertaining that 
the flow is even and the stretch is divided for a 
substantial length without any obstructions like bus 
stops, signals. The survey locations are shown in Figure 
1. The video camera was placed at vantage points near 
the survey locations to collect the data. A longitudinal 
trap length of about 30 m was adopted to capture the 
data for the measurement of speed. Markings were 
made with paint on the road to fix the trap length. The 
video camera was mounted on the tripod stand and was 
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Figure 1 : Location of Points Selected for Video graphic Survey

© 2014  Global Journals Inc.  (US)
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survey stretch. The data collection was done on normal 
sunny days (working days between Mondays through 
Friday). The surveys were carried out for 5 hours 

between 7 am and 12 noon, sufficiently long duration to 
cover both peak and off peak traffic. The timer in the 
camera was switched on to have the time recorded. 

placed at a sufficiently high level so as to cover the full 

Empirical Methods of Capacity Estimation of Urban Roads



In addition to the traffic data the physical data 
like carriageway width, footpath width, and adjoining 
land use were collected at the survey locations. 

VI. Data Synthesis 

The data collected at the site on video tapes 
were converted into video files and copied on to a CD. 
Using the “Timeint” computer programme, which 
records the arrival of the vehicle at the section at the 
stroke of a key, the inter arrival time was recorded up to 
2 decimal places of a second and stored as file. The CD 
was run several times for creating volume/headway data 
files for the entire survey period for each category of 
vehicle. Counts were classified as heavy vehicles (lorry 
and tankers), buses (both private and metropolitan 
public transport buses), LCV (Passenger van, goods 
carriages and maxi cabs), cars, autorickshaws, powered 
two wheelers and cycles (including other slow moving 
vehicles). Using a stop watch the time taken by each 
category of vehicle to pass the road stretch marked at 
the survey location was recorded for the entire survey 

period. The data for speed estimation was analysed for 
sample data, which was not less than 25 percent of the 
total volume, to get the average speed of the traffic 
stream and for individual category of vehicle in each five 
minute time interval. 

 Capacity estimation by the three different 
methods mentioned above was carried out to identify 

the most appropriate method. The road names, 
carriageway width, peak hour, peak hour traffic (Nos. 
and PCU) are given for all the 10 survey locations in 
Table 1. The road

 

stretches are identified by location 
number 1 to 10. The carriageway width of the road 
stretch at the survey locations varied from a minimum of 
6.5 m at Location 1 and 10 (East coast road and 
Manarsami koil road) to a maximum of 8.9 m at Location  
4 (Anna

 

road). The composition of the traffic stream is 
also a critical parameter in heterogeneous flow 
conditions. The traffic compositions at these locations 
are given in Table 2. Analysis of the peak hour data 
indicate that the motorized two wheeler is the major 
component accounting for more than 50 per cent of the 
total traffic. The percentages of cycles (including other 
slow moving vehicles) vary from 5.3 percent to 19.03 
percent at the selected locations. The combined 
percentage shares of large sized vehicles (bus, lorry 
and light commercial vehicles) vary from 1.2 percent to 
5.7 percent of the total vehicles. The observed number 
of categorized vehicles was converted into equivalent 
PCU by adopting the values recommended by Indian 
Roads Congress. The peak hour traffic was observed to 
be lowest at Location no. 9 (Manarsami koil road) with 
3360 PCU and highest at Location no. 4 (Anna road) 
with 8879 PCU.

 

Table 1 :
 
Effective Carriageway Width and Peak Hour Volume Details

 

         Source : Survey Analysis

 
 
 
 
 
 
 
 

Road name

 
Loc 
No.

 Road

 

Width (m)

 
Peak Hour

 Peak Hour 
Volume in 
Vehicles

 
Peak Hour 
Volume in 

 

PCU

 

East Coast Road

 

1 6.5

 

8:30 – 9:30

 

3993

 

3733

 

Gandhi Mandapam Road

 

2 7.5

 

9:00 – 10:00

 

5021

 

4134

 

Sardar Patel Road

 

3 8.5

 

8:45 – 9:45

 

6252

 

5090

 

Anna Road

 

4 8.9

 

9:00 – 10:00

 

9975

 

8879

 

Ashoknagar  IV Avenue

 

5 8.5

 

8:45 – 9:45

 

4346

 

3599

 

Arcot Road

 

6 7.45

 

8:45 – 9:45

 

7079

 

6091

 

Medavakam Tank Road

 

7 7.1

 

9:00 – 10:00

 

6370

 

4929

 

Periyar  Road

 

8 8.6

 

9:45 – 10:45

 

5694

 

6085

 

Manarsamy Koil  Road

 

9 6.7

 

9:00 – 10:00

 

3186

 

3360

 

North Beach Road

 

10

 

6.5

 

9:15 – 10:15

 

4330

 

4327
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Table 2 :
 
Composition of Traffic in Per Cent (Peak Hour)

 

 
 
 
 
 
 
 
 
 
 
 
 
 

VII.
 

Capacity
 
Estimation

 
a)

 
Headway

 Most of the studies done on analysis of 
headway distribution have examined vehicular flow in 
the range from 400 vph up to a maximum of 3000 vph 
only. However the traffic volume on the selected roads 
(two lane - divided) in Chennai during the peak hour 
varies from 3186 to 9975. The average headway (of all 
vehicles) at the 10 locations during the full survey period 
covering both the peak and off peak period is shown in 
Figure 2. It is evident that the headway is minimum 
during the peak period.

 
To anlyse the data, the Bestfit statistical 

windows programme was used. For the given data set, 
the software finds the distribution that fits best. More 
than 20 different distributions are tried to determine the 
distribution that best fits the data. It performs three 
standard tests to determine goodness of fit: Chi-square, 
Anderson – Darling and Kolmogarov – Smirnov. 

The peak hour headway (inter arrival time) data 
of all vehicles were fitted for evaluating the most 
appropriate distribution. The total data obtained from the 
field were fitted to get the best distribution. Also, as 
suggested by Chang and Kim, the headway data set 
was grouped in appropriate class intervals and the 
cumulative distribution done. The headway data above 
95 % of the cumulative distribution were removed to 
eliminate long headways. The distribution which fits the 
data under both the conditions (with all data and without 
long headways) is shown in Table 3. It is seen that 
except for two locations, there is change in the 
distribution model selected in the case of data set 
without long headways.

 

It is seen that no particular distribution fits for all 
the ten headway data sets. The distribution models at all 
the selected locations with the estimated values for the 
parameters are shown in Table 4. For the lowest peak 
hour flow of 3186 vehicles (Location No. 9 - Mannarsami 

Koil Road), the headway was found to follow Inverse 
Gauss distribution model and for the highest peak hour 
flow value of 9175 vehicles on Anna Road (Location                
No. 4), it was found to have a Triangular distribution 
model. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loc. No. Bus Lorry LCV Car Auto 
Two 

wheeler Cycle Total 

1 0.88 0.68 2.05 16.65 12.10 52.17 15.48 100 

2 0.30 0.34 0.90 19.92 7.37 63.83 7.35 100 

3 1.63 0.74 1.62 13.88 7.17 55.93 19.03 100 

4 1.35 0.67 1.80 12.99 10.39 67.49 5.30 100 

5 0.39 0.39 1.73 14.36 8.58 59.69 14.86 100 

6 1.10 0.21 1.40 11.99 10.41 58.57 16.32 100 

7 0.53 0.13 0.53 6.55 8.48 66.26 17.52 100 

8 1.33 1.02 2.28 16.84 20.06 51.86 6.60 100 

9 1.54 1.07 1.85 4.65 21.72 59.95 9.23 100 

10 2.79 1.39 1.57 6.81 15.27 63.65 8.43 100 
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Figure 2 :
 
Average Headway of Vehicles at the survey locations
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Table 3 : Headway Model With and Without Long Headway 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         

Source : Survey analysis
 

 Table 4 :

 

Statistical Details of Best Headway Model at all Locations

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Since there is no single distribution model that 
fits the data at various locations, it was decided to 
analyse the best three fittings for each location. Table 5 
shows the best three distribution models that fits the 
data. It is seen that out of 10 locations, the headway at 7 
locations reasonably follow Log Normal 2 distribution 
model and at 5 locations the Inverse Gauss distribution 

model was found to be acceptable. For the two 
locations (Location No. 7 and 8), the exponential 
distribution model was found to be acceptable. Hence, it 
is inferred that for high volume mid block traffic flows, 
the following three distribution models are acceptable: 
1. Log normal-2; 2. Inverse Gauss and 3. Exponential.

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Loc. No. 
With all   

 Headway  Data 
Without Long Headway  Data 

1 Gamma Weibull 
2 Pearson 5 Pearson 5 
3 Log Log Inverse Gauss 
4 Pareta 2 Triangular 
5 Pearson 5 Log Normal 2 
6 Exponential Weibull 
7 Inverse Gauss Exponential 
8 Log Normal 2 Beta General 
9 Inverse Gauss Inverse Gauss 
10 Log Normal 2 Pareto 2 

Loc. 
No.

 

Best model

 

Mean

 

Standard.

 
Deviation.

 

Equation

 1 Weibull

 

0.717

 

0.597

 

(1.2092, 0.7654)

 
2 Pearson 5

 

0.576

 

0.567

 

(4.9937, 3.9207)

 
3 Inverse Gauss

 

0.425

 

0.374

 

(0.5357, 1.0986)

 
4 Triangular

 

0.351

 

0.248

 

(0,0, 1.0542)

 
5 Log Normal 2

 

0.814

 

0.877

 

(-0.4256, 0.8117)

 
6 Weibull

 

0.417

 

0.363

 

(1.1641, 0.4438)

 
7 Exponential

 

0.455

 

0.454

 

0.4549

 
8 Beta General

 

0.481

 

0.432

 

(0.7113, 2.3117)

 
9 Inverse Gauss

 

1.071

 

1.281

 

(1.206, 1.0686)

 
10

 

Pareto 2

 

0.615

 

0.724

 

(3.7887, 7.1570)
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Table 5 : Three Best Headway Models (without long headways)

Source : Survey analysis

Loc. No. Best Second best Third best
1 Weibull Beta General Inverse Gauss

2 Pearson 5 Log Normal 2 Inverse Gauss

3 Inverse Gauss Log Normal 2 Exponential

4 Triangular Extreme value Log normal 2

5 Log Normal 2 Inverse Gauss Erlang

6 Weibull Log Normal 2 Inverse Gauss

7 Exponential Pareto 2 Pearson 5

8 Beta General Weibull Exponential

9 Inverse Gauss Log Normal 2 Pareto 2

10 Pareto 2 Beta General Log normal 2

Empirical Methods of Capacity Estimation of Urban Roads



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                           

 
 

Using the identified distributions, the estimated 
mean headway of all the three distribution models and 
the average of the mean at all the ten locations are given 
in Table 6. The average headway varies from 0.317 
seconds at Location No. 4 (Anna Road) to 1.074 
seconds at Location No. 9 (Manarsami Koil Road). The 
estimated total capacity of each road section using the 
average mean value is given in column 4. Based on the 
composition of the traffic at each location, the number of 
vehicles has been converted into equivalent PCU. Since 
the width of the carriageway is varying, the capacity is 
normalized for a standard 7 m two lane width using the 
following equation:

 

CW
SWTCNC *

=

 

Where  NC – Normalised capacity;  TC  -  Total Capacity

 

            CW - Carriageway width of the section (m)

 

            SW - Standard width of 7 m.

 

The normalized value for the standard two lane 
carriageway width (7 m) is shown in the last column. The 
estimated capacity varies from a minimum of 2979 PCU 
to 8340 PCU. Based on the observed headway, the 
average capacity of a two lane urban road was 
estimated to be 5649 PCU.

 

Table 6

 

: Capacity Estimation by Headway Model

 

 
 
 
 
 
 
 
 
 
 
 
 
 

         

 

Source

 

: Survey analysis.               All headway values in seconds

b)

 

Volume

 

The peak hour data was further analysed to 
estimate the capacity flow conditions. The flow in each 5 
minute time interval for each category of vehicles were 
extracted and the equivalent PCU calculated based on 
the recommended values by IRC. The maximum flow in 
any 5 minute interval was identified. This peak flow rate 
is multiplied by a factor 12 to estimate the capacity flow 
per hour. The normalized capacity value for a standard 
width of 7 m was also estimated. Similar exercise for 
other locations was done and the details are given in 
Table 7. The maximum and minimum capacity values 

obtained by this method were 8258 PCU and 3310 PCU 
respectively. The average capacity by this approach was 
found to be 5336 PCU.

 

Alternatively, the average of three highest values 
was considered while estimating the capacity. The three 
maximum flows in 5 minute interval at the location were 

    
   

   

   

   

    

   

   

   

   

    

Loc. 
No.

 

Mean Headway

 

Average of 
Mean 

Headway

 

Total 
Capacity

 

in Vehicles

 

Total 
Capacity   in  

PCU

 

Normalised 
Capacity in 
PCU (7 m)

 

I II

 

III

 

1 0.717

 

0.719

 

0.717

 

0.718

 

5016

 

4716

 

5079

 

2 0.425

 

0.428

 

0.425

 

0.426

 

8451

 

6881

 

5666

 

3 0.576

 

0.575

 

0.568

 

0.573

 

6283

 

5167

 

4822

 

4 0.351

 

0.296

 

0.305

 

0.317

 

11345

 

10603

 

8340

 

5 0.814

 

0.802

 

0.802

 

0.806

 

4467

 

3617

 

2979

 

6 0.417

 

0.424

 

0.419

 

0.420

 

8571

 

7691

 

7227

 

7 0.455

 

0.455

 

0.459

 

0.456

 

7889

 

6104

 

6018

 

8 0.481

 

0.481

 

0.482

 

0.481

 

7479

 

7992

 

6505

 

9 1.071

 

1.082

 

1.069

 

1.074

 

3352

 

3522

 

3679

 

10

 

0.615

 

0.613

 

0.656

 

0.628

 

5732

 

5729

 

6170
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identified. The peak flow rate (maximum flow in 15 
minutes) is then multiplied by 4 to get the peak flow per 
hour. The normalized value for the standard two lane 
carriageway width (7m) is then calculated. The details at 
all the ten locations are given in Table 8. By this method, 
the average capacity was found to be 5075 PCU.

Table 7 : Capacity Estimation by “Selected Maxima” Model (5 min. time slice)

Source : Survey analysis

Location 
No.

Peak Hour 
Volume in PCU

Max Flow in 
5 mts

Total Capacity 
in PCU

Normalised Capacity in 
PCU (7m)

1 3733 346 4152 4471
2 4134 466 5592 4605
3 5090 432 5184 4838
4 8879 875 10500 8258
5 3599 335 4020 3310
6 6091 574 6888 6472
7 6085 574 6888 6791
8 4929 515 6180 5030
9 3360 355 4260 4451
10 4327 397 4764 5130
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Table 8 :

 

Capacity Estimation by “Selected Maxima” Model (15 min. time slice)

 

 
 

 

 

 

    

       
       
       
       
       
       
       
       
       

        

                            

  

There is a drop of nearly 5 per cent in the 
capacity when the time slice for the peak flow rate was 
increased from 5 minutes to 15 minutes.

 

c)

 

Volume & Speed

 

The volume (in PCU) for each 5 minute block 
was converted into hourly flow. The speed for each 
category of vehicles was calculated based on the time 
taken to move over a fixed length of the carriageway. 
The speed of Fast moving vehicles alone was 
considered for analysis since the number of slow 
moving vehicles is less and the difference in speeds is 
very large. The weighted average stream speed is 
calculated taking into account the speed and the 
number of vehicles in each category during each time 
interval.  

The traffic flow in PCU corresponding to the 
average speed was plotted to find the relationship 

between the two. Since the data was very scattered, no 
regular relationship was fitting. The Enveloping curve 
technique developed at CRRI, New Delhi and also used 
by Dr.

 

Satish Chandra was used to determine the 
capacity of the road. Even though the usual pattern of 
the speed flow curve is parabolic, for reasons stated 
earlier, a curve passing through the origin and bounding 
all the points was drawn for each location. The speed 
flow graphs for all the ten locations using the enveloping 
curve method were made and is depicted in Figure 3 to 
12. The maximum flow, which is taken as the capacity 
flow and the normalised value for the standard two lane 
width, for each location is given in Table 9. By this 
method, the average capacity was found to be 5146 
PCU. 
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Location 
No.

Peak Hour 
Volume in PCUs

Max Flow in 5 min. Max. Flow 
in 15 min.

Total Capacity  
in PCU

Normalised Capacity 
in PCU (7m)

I II III
1 3733 346 346 341 1033 4132 4450
2 4134 466 460 425 1351 5404 4450
3 5090 432 392 367 1191 4764 4446
4 8879 875 775 759 2409 9636 7579
5 3599 335 320 320 975 3900 3212
6 6091 574 549 543 1666 6664 6261
7 6085 574 553 546 1673 6692 6598
8 4929 515 458 453 1426 5704 4643
9 3360 355 309 300 964 3856 4029
10 4327 397 390 390 1179 4716 5079

Source : Survey analysis

Table 9 : Capacity Estimation by Fundamental Diagram Method

Source : Survey analysis

Location 
No.

Effective Carriageway 
Width (m)

Total Capacity    
in PCU

Normalised Capacity 
in PCU (7m)

1 6.5 3875 4173

2 7.5 4820 4499

3 8.5 5750 4735

4 8.9 10400 8180

5 8.5 3750 3088

6 7.45 6430 6042

7 7.1 5570 5492

8 8.6 6880 5600

9 6.7 4180 4367

10 6.5 4910 5288

                 
                               

The average capacity of two lane divided (two 
way) urban mid block was estimated to be 5649, 5075, 

and 5146 PCU by Headway, Volume and Fundamental 
diagram methods respectively.

Empirical Methods of Capacity Estimation of Urban Roads



Figure 3. Speed Flow Curve – East Coast Road 
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Figure 4. Speed Flow Curve – Gandhi Mandapam Road 
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Figure 5. Speed Flow Curve – Sardar Patal Road

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

0 1000 2000 3000 4000 5000 6000

Flow - pcu / hr

sp
ee

d 
- k

m
 / 

hr

Figure 5 : Speed Flow Curve – Sardar Patal Road
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Figure 6. Speed Flow Curve - Anna Road
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Figure 7. Speed Flow Curve – Ashoknagar IV Avenue 
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Speed Flow Curve – Anna Road

 

 

 

 

 

 

 

Figure 7 : Speed Flow Curve – Anna Road
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Figure 8. Speed Flow Curve -  Arcot Road
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Figure 8 : Speed Flow Curve – Arcot Road
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Figure 9. Speed Flow Curve – Medavakam Tank Road
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Figure 10. Speed Flow Curve – Periyar Road 
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Figure 9 : Speed Flow Curve – Medavakam Tank Road
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Figure 11. Speed Flow Curve - Manarsami Koil Road

0

10

20

30

40

50

60

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Flow - pcu / hr

Sp
ee

d 
-  k

m
 /  

hr

Figure 11 : Speed Flow Curve – Manarsam I Koll Road
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Figure 12. Speed Flow Curve - North Beach Road
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Figure 12

 

: Speed Flow Curve – North Beach Road

 

 

VIII.

 

Observations

 

and

 

Conclusions 

It is clear from literature that Capacity of a 
facility is only an estimate and is not a constant. It varies 
with time, location, composition and other local factors. 
The major elements of traffic flow are the Vehicle, Driver 
and Way. Since the roads in India are not of standard 
dimensions and there is lack of lane discipline with 
several types of vehicles sharing the same way, it would 
be appropriate to adopt direct empirical methods for 
capacity estimation. With various factors influencing the 
value of capacity, the Direct empirical methods using 
the observed fundamental traffic characteristics like 
Headway (inter arrival time), volume and speed are 
relevant for capacity estimation.

 

 

The estimated capacity by the Selected Maxima 
method with a time slice of 5 minutes was 5336 PCU. 
However when three maximum flows in each 5 minute 
interval were taken into consideration, the average 
capacity was estimated as 5075 PCU. There is a drop of 
nearly five per cent in capacity when the time interval 
was increased from 5 to 15 minutes.

 

Even though the pattern of the speed flow curve 
is parabolic in nature, the data obtained from the field 
were found to be scattered. Using the enveloping curve 
technique, the average capacity flow for a two-lane two-
way mid-block was estimated as 5146 PCU.

 

As reported in literature, the capacity estimate 
made using the headway model was observed to be the 
highest. Since the fundamental diagram approach has 
the speed factor also in the capacity estimation, this 
method will indicate the capacity flow with the known 
stream speed. As the fundamental parameters of traffic 
flow are headway, volume and speed, it is felt that for 
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J The distribution of Headway (inter arrival time) 
of vehicles were found to vary from location to
location. However, when three best distributions were 
considered, Log Normal 2, Inverse Gauss and 
Exponential distributions were found to represent the 
traffic data. The average capacity estimated by this 
method was found to be 5649 PCU.

capacity estimation, all the three methods need to be 
done and compared for arriving at the best value.

The estimated capacity value by all the three 
methods was found to be much higher than the IRC 
recommended value for two-lane two-way divided urban 
roads. The reason for the higher capacity value could be 
attributed to the drastic change in the flow 
characteristics and the driver behaviour. The higher 
volume on the road has made the drivers to be more 
aggressive. The lateral and longitudinal gaps between 
vehicles on the urban roads are also lesser now, than 
the recommended values. The recommended PCE 
values of IRC, especially for autorickshaws (2 – for more 
than 10% of the total traffic) and for motorized two 
wheelers (0.75 – for more than 10% of the total traffic) 
appear to be on the higher side. Vehicles are also 
observed to traverse with reduced headway and side 
clearances because of the increase in vehicular volume. 
Even though several attempts have been made to 
estimate the Passenger Car Unit (PCU) value for various 
categories of vehicles, there are no acceptable values 
for a given condition and it requires further research. 
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Abstract- Cassava effluent in form of wastewater obtained during the processing of “garri”, is indiscriminately 
released into the environment, the effect of which is not fully known on soils and groundwater. This study 
investigated the distribution of two trace elements (Cu and Mn) found in the effluent through soil columns. The 
experiment was conducted using three different soil types namely; Iwo, Apomu and Egbeda and four varying 
proportions of cassava effluent (0ml – Control, 6ml, 12ml and 18ml). The four varying proportions of the effluents 
translates to 2.74, 5.48, 8.22, 10.96 mg/l of Cu and 1.83, 3.66, 5.49, 7.32 mg/l of Mn. The soil samples were 
compacted to soil bulk density of 1.50g/cm3 inside 50 cm long and 15cm diameter columns. The leachates were 
collected every 24 hours after the start of the experiment and analyzed for Cu and Mn using the Atomic Absorption 
Spectrophotometer (AAS). The result shows that the total leachate concentration (in mg/l) of Cu in 7days varied from 
5.54 to 10.11 for Iwo, 5.13 to 14.81 for Apomu and 9.2 to 15.31 for Egbeda as cassava effluent volume increased 
from 0ml to 18ml; for Mn, it varies from 0.81 to 27.93, 1.7 to 34.26 and 12.03 to 36.19 for Iwo, Apomu and Egbeda 
respectively. The effect of increasing cassava effluent volume on leachate concentration for both Cu and Mn was in 
the order: Apomu > Egbeda > Iwo. The difference in total volume (in ml) leached after 40 minutes of simulated 
rainfall for 0ml and 12ml effluent additions were 13.3, 10.3 and 2.2 for Iwo, Apomu and Egbeda respectively.      
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Trace Elements Distribution in Soil Columns as 
Affected by Cassava Effluents Application 

Babajide α, N. A. Aremu, D. O. σ, Akinyele, O. A. ρ, Oladimeji, S. T. Ѡ & Ogunlade, C. A. ¥

Abstract- Cassava effluent in form of wastewater obtained 
during the processing of “garri”, is indiscriminately released 
into the environment, the effect of which is not fully known on 
soils and groundwater. This study investigated the distribution 
of two trace elements (Cu and Mn) found in the effluent 
through soil columns. The experiment was conducted using 
three different soil types namely; Iwo, Apomu and Egbeda and 
four varying proportions of cassava effluent (0ml – Control, 
6ml, 12ml and 18ml). The four varying proportions of the 
effluents translates to 2.74, 5.48, 8.22, 10.96 mg/l of Cu and 
1.83, 3.66, 5.49, 7.32 mg/l of Mn. The soil samples were 
compacted to soil bulk density of 1.50g/cm3 inside 50 cm long 
and 15cm diameter columns. The leachates were collected 
every 24 hours after the start of the experiment and analyzed 
for Cu and Mn using the Atomic Absorption 
Spectrophotometer (AAS). The result shows that the total 
leachate concentration (in mg/l) of Cu in 7days varied from 
5.54 to 10.11 for Iwo, 5.13 to 14.81 for Apomu and 9.2 to 15.31 
for Egbeda as cassava effluent volume increased from 0ml to 
18ml; for Mn, it varies from 0.81 to 27.93, 1.7 to 34.26 and 
12.03 to 36.19 for Iwo, Apomu and Egbeda respectively. The 
effect of increasing cassava effluent volume on leachate 
concentration for both Cu and Mn was in the order: Apomu > 
Egbeda > Iwo. The difference in total volume (in ml) leached 
after 40 minutes of simulated rainfall for 0ml and 12ml effluent 
additions were 13.3, 10.3 and 2.2 for Iwo, Apomu and Egbeda 
respectively. 
Keywords: soil type (iwo, apomu, egbeda), cassava 
effluents, trace elements (copper, manganese) and 
leachate. 

I. Introduction 

assava (manihot esculenta crantz), the major and 
the chief staple food in tropical Africa, is 
regarded as the most important among root and 

tuber crops. It can be processed into several products 
such as gaari, fufu, starch, flour, etc. It is the processing 
of those products that releases the waste water to the 
immediate environment and little effort is made to 
channel and collect the effluent for proper disposal. 
Cassava is one of the ancient foods that have helped to 
improve the rural life by reducing the nation’s poverty 
rate and also serves as means of wealth generation. As 
the demand for cassava increases, so the amount of the 
waste  water  released  into  the  environment  increases  
 Author
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which cause environmental pollution. Cassava consist of 
60-70% water, processing it dry reduces the moisture 
content and convert it into a more durable and stable 
product with less volume, which makes it more 
transportable. Cassava, a plant originated from North-
East Brazil, with the root as a good source of 
carbohydrate and the leaves provide an inexpensive and 
rich source of protein and minerals in the human diet 
(Adewusi and Akindahunsi, 1994). It is a traditional crop 
used by low-income people in the tropics and 
recommended for both consumption and starch 
production.  

Soils are crucial to life on earth because to a 
large extent, the soil quality determines the nature of 
plant ecosystems and the capacity of land to support 
animal life and society (Brady and Weil, 1999). As 
human societies become increasingly urbanized, fewer 
people have inmate contact with the soil and individuals 
tend to lose sight of many ways in which depend on 
soils for their prosperity and survival. Therefore the rate 
to which man depend on the soil is likely to increase not 
decrease in the future. Of course, soils will continue to 
supply us with nearly all our food and much of our fibre, 
large percentage of our medicines and also biomass 
grown on soils which is likely to become an increasingly 
important source of energy and industrial feed stocks.  

Cassava, which is processed into different 
products, has gone through various processes which 
include; peeling, washing, grating, dewatering, 
pulverizing and frying. The effluents are removed during 
the process of dewatering by applying pressure on the 
grated cassava mash using wood, stones, screw or 
hydraulic press and this process of pressing takes 
about 2-5 days. The waste water released during the 
processing, infiltrates into the soil as contaminant or 
pollutant, which produce various intermediate and final 
chemical products that can be environmentally 
damaging under normal physiological condition.  

According to Brady and Weil (1999), the effluent 
infiltrating the soil is greatly influenced by the 
predominant type of soil due to the varying infiltration 
capacities of different soils which depends on the size 
and shape of grains. As part of these effluents infiltrate 
into the soil, the remaining parts that are left on the soil 
surface are easily washed away by run-off from heavy 
rainfall into a nearly stream or pond. These effluents 
contain cyanide in the form of hydrogen cyanide (HCN) 
which is very toxic to human life. The presence of 
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hydrogen cyanide in cassava was established by 
Carmody and Francis (1979). The extent of damage to 
which waste water that infiltrates into the soil is imposing 
on the soil environment has not been properly 
quantified. The presence of this solute in the soil may 
affect the soil water quality and the chemical property of 
the soil both on long term and short term bases. The 
fate and the transport of these waste water constituents 
in the soil depend on various factors. The factors include 
the adsorption characteristics of the constituents to the 
soil particles; organic matter content of the soil; the soil 
solution pH and the loading rate of the constituent 
(Osunbitan, 2007).  

Several developments over time have proved 
that there has been no much interest in the effects that 
cassava effluents can cause to the immediate 
environment. The major reason being that, most of the 
cassava products that release these effluents are being 
processed in the rural areas. The introduction of toxic 
and harmful waste into the environment will have 
adverse effect on human and animal life, agricultural 
productivity, soil and even the natural ecosystems. It is 
important then to know the distribution of these trace 
elements in the soil so as to mitigate the harmful effects 
they may have on the soil and/or groundwater 
environment. Thus, the objectives of this study are to 
evaluate the vertical distribution of trace elements from 
cassava waste water in the soil column and to 
determine the effects of the waste water on the flow rate 
of water through the soil column.

 

II.
 

Materials
 
and

 
Method

 

The experiment was conducted using three 
different types of soils classified as Iwo, Apomu and 
Egbeda

 
series. The three soils were collected from the 

Obafemi Awolowo University Teaching and Research 
Farm to the depth of 40 cm at 8 cm depth interval. The 
sites at which the samples were collected have no 
history of heavy metal application which could have 
occurred through fungicide, fertilizer or sewage effluent 
application. The soil samples were collected using 
shovels and packed into sacks and then transported to 
the laboratory for the column leaching experiment. 
Twelve 50 cm long and 15 cm diameter PVC pipes held 
the samples, four for each soil type. 

  

Iwo series
 
are geographically classified as Iwo 

association,
 
soils derived from coarse-grained granites, 

coarse-grained granitic gneisses and pegmatite and 
form the most extensive group of soils in Western 
Nigeria, and taxonomically classified as Ibadan fasc. 
Soils of these series usually occupy level or gently 
sloping sites at high or intermediate levels in the 
topography. The sand fraction is usually coarse and 
small fragments of feldspar are often present.

 

Furthermore, a presence of relatively un-weathered 
minerals at moderate depth suggests an ample 

reservoir of nutrients for deep rooted plants (Smith and 
Montgomery, 1962). 

Apomu series are geographically classified as 
Apomu association and taxonomically classified as 
Apomu fasc. By definition, profiles of Apomu series are 
very sandy in texture to a depth of at least 50 cm and 
are free of stones and concretions to a similar depth. On 
account of the sandy nature of the soil, this soil has poor 
properties of moisture and nutrient retention and is 
considered unsuitable for cocoa, coffee, kola and citrus 
(Smith and Montgomery, 1962). 

Egbeda series are geographically classified as 
Egbeda association, soils derived from fine-grained 
biotite gneisses and schists, and taxonomically 
classified as Egbeda fasc. By definition, they are clayey 
in texture, which is not sandier than very clayey sand in 
horizons between 25.4 cm and 30.5 cm from the 
surface. The sand fraction is usually very fine throughout 
the profile, but a well-marked gravel layer, including 
quartz gravel, quartz stones and fairly frequent small 
and spherical ironstone concretions, is present between 
depths of 25.4 cm and 50.8 cm. The mottled clays 
usually descend to depths greatly in excess of 305 cm 
and the only change normally displayed with depth is in 
the intensity and colouring of the mottling (Smith and 
Montgomery, 1962). 

The effluent was collected as its being released 
when grated cassava mesh are placed under a screw 
press during garri production. 

a) Method 

The soil samples were collected and sun-dried 
to a moisture content of about 6% after which the soils 
were pulverised to remove plant stems and roots and 
then homogenized by sieving of the clumps and gravel 
using 2 mm sieves. Soil columns were then prepared 
using the collected soils for the mobility experiment. The 
PVC pipes mentioned earlier open at both ends were 
used. Twelve columns were packed with the dried soils 
to a bulk density of 1.50 g/cm3 - four columns for each 
soil type. This required that about 10 kg (mass, m = 
density, ρ × volume, v) be packed into the column 
volume by volume (interval wise) for everything to fit in 
uniformly.  

The experimental design is 3 × 4 factorial 
arrangement. The factors considered are soil type (Iwo, 
Egbeda, and Apomu soils) and cassava effluents 
volume of application (0 ml – for control experiment, 6 
ml, 12 ml, and 18 ml). The cassava effluent application 
translates to: 2.74, 5.48, 8.22, 10.96 mg/l of copper; and 
1.83, 3.66, 5.49, 7.32 mg/l of manganese for 0 ml, 6 ml, 
12 ml, and 18 ml respectively. Table 3.1 shows the 
treatments chosen and their levels of application as 
used in this experiment.  

The effluent samples were metered linearly into 
the saturated soil columns from the top and allowed to 
leach through the soil columns. Four volumes (0 ml, 6 
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ml, 12 ml, and 18 ml) were employed for the four 
columns with each soil type respectively. A funnel and a 
plastic beaker placed at the end of each column were 
used to collect leaching fluids from the columns as 
shown in Fig. 3.1. Rainfall was then simulated to model 
solute transport through the soil column. The leached 
samples through each of the columns were chilled 
immediately after collection until when required for 
analysis. The samples were later taken to the Central 
Science Laboratory, Obafemi Awolowo University, Ile-Ife 
for determination of Cu and Mn content using the 
Atomic Adsorption Spectrophotometer (AAS).  

Table 1 :  Treatment and Levels of Application
 

 

Experimental         Soil types        Volume of Cassava 

         run                                              Effluents (ml)         

          1                        Iwo                           0 
          2                        Iwo                           6 
          3                        Iwo                          12 

          4                        Iwo                          18 

          5                    Apomu                         0 
          6                    Apomu                         6 
          7                    Apomu                        12 

          8                    Apomu                        18 

          9                   Egbeda                         0 
         10                  Egbeda                         6 
         11                  Egbeda                        12 

         12                  Egbeda                        18  

 

Fig. 1 : Soil column set-up with receiver in place 

III. Results and Discussion 

a) Leachate Analysis 
The results obtained from the experiment are 

hereby presented. These were determined by the use of 
the Atomic Adsorption Spectrophotometer (AAS).  

i. Copper 

The concentration of copper in the leachate 
through the soil columns for seven days of the 
experimental run are given in Table 2. Figure 2 shows 
the daily leachate concentrations. There is an increase 
in total concentration leached – obtained by adding the 
daily leachate concentrations – with increasing effluent 
volume for Apomu and Egbeda soils while it remains 
unclear for Iwo soil. After about five days, the ions had 
almost completely leached in the Apomu soil. Iwo and 
Egbeda soils follow similar patterns and were not 
leached-out in the Seven days of the experiment. 

ii. Manganese 

Table 3 shows the prevalence of manganese, 
Mn, in the collected samples. It shows an increase in 
total concentration leached with increasing effluent 
volume for Apomu and the relationship between the total 
concentration leached and effluent volume remains 
indeterminate for the Iwo and Egbeda soils. Figure 3 
shows the daily leachate concentrations for the three 
soil types. Apomu quickly dissipates much of the ions 
reaching a peak concentration on Day 3 or Day 4.  
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Table 2 : Concentration (in mg/l) of Cu in the leachate 

Soil Type Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total 

0 ml of effluents
 

Iwo series
 

0 3.04
 

0.14
 

1.65
 

0 0.71
 

0 5.54
 

Apomu series
 

2.11
 

0.69
 

1.61
 

0 0.72
 

0 0 5.13
 

Egbeda series
 

0 2.14
 

0 4.81
 

0 0 2.67
 

9.2
 

6 ml of effluents
 

Iwo series
 

0.4
 

0 1.54
 

3.31
 

1.74
 

2.16
 

0.89
 

10.04
 

Apomu series
 

1.24
 

1.89
 

1.43
 

1.95
 

0 0 1 7.51
 

Egbeda series
 

0 0.83
 

2.78
 

2.91
 

2.05
 

1.17
 

0 9.74
 

12 ml of effluents
 

Iwo series
 

1.85
 

2.08
 

0 1.98
 

0 1.85
 

2.35
 

10.11
 

Apomu series
 

0 2.17
 

1.7
 

3.56
 

0 0 2.43
 

9.86
 

Egbeda series
 

0 2.74
 

0.54
 

1.4
 

3.06
 

1.7
 

2.32
 

11.76
 

18 ml of effluents
 

Iwo series
 

1.56
 

0
 

1.48
 

1.18
 

0 1.94
 

2.1
 

8.26
 

Apomu series
 

0 3.23
 

4.44
 

3.05
 

3.12
 

0.97
 

0 14.81
 

Egbeda series
 

1.71
 

0 4.57
 

0.66
 

3.86
 

2.49
 

2.11
 

15.31
 

Table 3 :
 
Concentration (in mg/l) of Mn in the leachate

 

Soil Type

 

Day 1

 

Day 2

 

Day 3

 

Day 4

 

Day 5

 

Day 6

 

Day 7

 

Total

 

0ml of effluents

 

Iwo series

 

0 0 0.37

 

0 0.44

 

0 0 0.81

 

Apomu series

 

0.3

 

0.24

 

0.06

 

0 0.36

 

0.74

 

0 1.7

 

Egbeda series

 

0 0.09

 

0.08

 

11.2

 

0 0.62

 

0.04

 

12.03

 

6ml of effluents

 

Iwo series

 

0.83

 

0.27

 

0 2.45

 

3.46

 

2.01

 

0.31

 

9.33

 

Apomu series

 

0.41

 

4.21

 

1.04

 

6.33

 

0.35

 

0 0 12.34

 

Egbeda series

 

0.53

 

0.91

 

7.38

 

2.4

 

0.85

 

1.74

 

0.74

 

14.55

 

12ml of effluents

 

Iwo series

 

0.25

 

0 0 0.34

 

0 1.24

 

1.12

 

2.95

 

Apomu series

 

1.23

 

1.14

 

6.27

 

6.12

 

2.93

 

1.47

 

0.29

 

19.45

 

Egbeda series

 

0 0 2.14

 

1.31

 

3.3

 

2.07

 

2.12

 

10.94

 

18ml of effluents

 

Iwo series

 

1.47

 

1.97

 

7.51

 

0.99

 

0.72

 

8.93

 

5.77

 

27.93

 

Apomu series

 

0 4.12

 

11.2

 

8.29

 

8.63

 

2.02

 

0 34.26

 

Egbeda series

 

0.24

 

2.97

 

6.46

 

0 10.42

 

7.48

 

8.62

 

36.19
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Figure 2 :

 

Concentrations (in mg/l) of Copper with Rainfall Simulation Interval for different 

                                                 

soil types
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Figure 3 : Concentrations (in Mg/l) of Manganese with Rainfall Simulation Interval for
different soil types

Trace Elements Distribution in Soil Columns as Affected by Cassava Effluents Application



 

                       
 

b)

 

Effects of Varying Proportions of Effluents 

 

The effect of varying concentration 0, 6,

 

12, 18 
ml of effluent on the mobility of Cu and Mn through the 
soil columns is shown in Figure 4 and Figure 5 
respectively.

 

The results for the three soils indicate the 
presence of Cu and Mn

 

in the original soils without 
effluent addition. Increasing the concentration of 
Manganese leads to a corresponding increase in 
leachate concentration for Apomu soil. For Iwo soil, and 
more importantly for Egbeda soils, the structure 
(prominence of the soil micro- and macro- pores) and 
chemistry have a marked effect on the rate of leaching 
of Mn through the soil. The inability to convincingly 
determine the pattern for Iwo must be due primarily to its 
organic nature, and then to clayey proportion. The 
presence of soil micro-pores is the primary factor 
influencing flow through Egbeda soil.

 

c)

 

Rate Analysis

 

When compared with the control experiment 
(Figure 6) and Figure 7 (Rate analysis for 12 ml effluent 
addition) shows that in soil columns to which the 
cassava effluent was added, the rate of infiltration by the 
simulated rainfall dropped for Iwo and Apomu soils and 
rose for the Egbeda soil. The effluent addition also 
caused the flow to reach its peak earlier than in the 
Control experiment. This is explained by the fact that 
due to the slightly starchy nature of the effluent, most 
the soil macro-pores must have been blocked which 
leads to a lower flow rate normally. However, the 
Egbeda soil having more micro-pores which are not 
blocked by the effluent quickly reaches its peak flow 
earlier than Iwo and the Apomu soils – a reversal of what 
occurs in the Control experiment.
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Figure 4 : Copper concentrations (mg/l) with Rainfall Simulation Interval for varying effluent proportions

Trace Elements Distribution in Soil Columns as Affected by Cassava Effluents Application



 

 

  

 

G
lo
ba

l 
Jo

ur
na

l  
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

31

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

J

Figure 5 : Manganese concentrations with Rainfall Simulation Interval for varying effluent proportions

Table 4 : Rate of flow through soil columns

Duration (min) Iwo 
(0ml)

Iwo 
(12ml)

Apomu 
(0ml)

Apomu 
(12ml)

Egbeda 
(0ml)

Egbeda 
(12ml)

2 20 21 52 43 24 34
4 51 40 81 75 40 64
6 51 46 82 77 64 107
8 44 40 75 69 71 74
10 38 34 50 50 64 48
12 33 36 35 34 45 28
14 27 30 27 24 30 22
16 23 22 22 18 23 16.5
18 20 19 18 14 19 13

Trace Elements Distribution in Soil Columns as Affected by Cassava Effluents Application
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34 7.3 9.4 3.4 6.2 6 4.6
36 6.5 9 3 4.6 5.6 4.4
38 5.8 8 2.7 3.6 5.1 4 
40 5.1 7.6 2.4 3.4 4.8 3.4

Total volume 
leached

418.8 405.5 507.2 496.9 472.3 474.5

Figure 6 : Rate of flow for 0ml effluent addition (control experiment)

Figure 7 : Rate of flow for 12ml effluent addition.
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IV.

 

Conclusion 

This experiment shows that distribution of heavy 
metals through soils is enhanced by porosity, and the 
organic content of the soil. Highly porous soils like 
Apomu displayed an unusually high mobility of these 
two ions under consideration. The more organic Iwo 

      

and clayey Egbeda displayed similar transport 
characteristics. At the end of the duration chosen for the 
experiment, leachate from the Apomu soil columns had 

G
lo
ba

l 
Jo

ur
na

l  
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

33

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

J

no trace of the metals introduced. The effect of soil 
micro-structure and organic content is clearly evident 
and as observed serve as the key factors influencing the 
mobility of Copper, Cu, and  Manganese, Mn, through 
the soils types studied. It has been shown by this 
experiment that these two metals will flow through the 
geological topsoil - surface to 40 cm depth - to lower 
layers and the rate decreases from Apomu to Iwo to 
Egbeda.

Thus, areas where cassava is being 
indiscriminately processed without any regard for 
wastewater treatment, with the Apomu soil type, will be 
at high risk of underground water contamination. For the 
Iwo and Egbeda soil types, it is observed that mobility 
was lesser than as it was for Apomu. The fairly average 
concentration was being released everyday and at the 
end of the seven day run, the concentration had hardly 
reduced. This implies that in such areas, with Iwo and 
Egbeda soil types, crops are at a higher exposure to re-
absorption.
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Reflection and Transmission of Elastic Waves at 
a Loosely Bonded Interface between an Elastic 
Solid and a Viscoelastic Porous Solid Saturated 

by Viscous Liquid 

Baljeet Singh α & Surjeet Singh σ

Abstract- In the present paper, a problem on reflection 
and transmission of elastic waves at a loosely bonded 
interface between an elastic solid and a viscoelastic 
porous solid saturated by viscous liquid is studied. The 
study is carried out with the assumption that the 
interface behaves like a dislocation which preserves the 
continuity of stress and allows a finite amount of slip. 
The appropriate potential functions for reflected and 
transmitted waves satisfy the required boundary 
conditions at the interface. The relations between 
amplitude ratios of different reflected and refracted 
waves are obtained for incidence of P and SV waves. 
The amplitude ratios of various reflected and refracted 
waves are computed for a particular model. The effects 
of loosely boundary and viscoelasticity are observed on 
these amplitude ratios. 

I. Introduction 

he observed attenuation of the seismic wave in the 
earth helps in getting information regarding the 
composition and state of deep interior. This 

attenuation cannot be explained by assuming the earth 
to be an elastic solid. Biot (1956a) studied the 
propagation of the plane harmonic seismic waves in 
liquid saturated porous solids. Biot (1962) presented a 
unified treatment of the mechanics of deformation and 
acoustic propagation in porous media, where liquid-
solid medium is treated as a complex physico-chemical 
system with resultant relaxation and viscoelastic 
properties. Deresiewicz (1960) and Deresiewicz and 
Rice (1962) studied the reflection at the plane traction-
free surface of non-dissipative and dissipative liquid 
saturated porous solids respectively. They considered 
the porous solid as perfectly elastic with no internal 
energy loss.  

Viscoelasticity is an important property of many 
rocks in the crust, which is a major cause of seismic 
attenuation. In the presence of porosity, a viscoelastic 
solid permeated by pores and fractures and saturated 
with viscous fluid becomes a more realistic model for 
sedimentary or reservoir rocks. Biot (1956b) established 
 
Author α σ: Department of Mathematics, Post Graduate Government 
College, Sector 11, Chandigarh, India. e-mail: bsingh@gc11.ac.in 

the equations for the deformation of a viscoelastic 
porous solid containing a viscous fluid under the most 
general assumptions of anisotropy. Sharma and Gogna 
(1991) studied the seismic wave propagation in a 
viscoelastic porous solid saturated by viscous liquid. 
Vashishth et al. (1991) investigated a problem on 
reflection and transmission of a plane periodic wave 
incident on the loosely bonded interface between an 
elastic solid and a liquid-filled porous solid with the 
assumption that the interface behaves like a dislocation 
which preserves the continuity of stress allowing a finite 
amount of slip. Vashishth and Gogna (1993) studied a 
problem of reflection and refraction of plane seismic 
waves incident on an interface of two loosely bonded 
half-spaces, an elastic solid half-space and a liquid-
saturated porous solid half-space, which permits a finite 
amount of slip. Vashishth and Sharma (2008) discussed 
the wave propagation in a medium considered as a 
viscoelastic, anisotropic and porous solid frame such 
that its pores of anisotropic permeability are filled with a 
viscous fluid. Recently, Sharma (2012) studied the 
propagation of Rayleigh waves on the stress‐free 
surface of a viscoelastic, porous solid saturated with 
viscous fluid.  

In the present paper, a problem is considered 
on reflection and transmission of elastic waves on 
loosely bonded interface between an elastic solid and a 
viscoelastic porous solid saturated by viscous liquid. For 
incidence of P and SV waves, the amplitude ratios of 
various reflected and refracted waves are computed for 
a particular model. The effects of loosely boundary and 
viscoelasticity are shown graphically on these amplitude 
ratios. 

II. Basic Assumptions 

Murty (1976) introduced a real bonding 
parameter to which numerical values can be assigned 
corresponding to a given degree of bonding between 
half-spaces and discussed the particular cases                     
of ideally smooth and fully bonded interfaces 
corresponding to the values 0 and ∞  of the bonding 
parameter. He considered three basic assumptions. The 
first assumption is that the stresses are continuous 
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across the interface. The second assumption is that the 
microscopic structure of the material at the interface is 
such that a finite amount of slip can take place at the 
interface when a periodic wave is propagating. The third 
assumption is that there exists a linear relation between 
slip and shear stress at the interface which implies that 
different degrees of bonding correspond to different 
values of the constant of proportionality. The principle 
behind the third assumption is that there must exist 
some relation between the local shearing stress and the 
‘slip’ at the interface such that when the shearing stress 
is zero, the ‘slip’ is infinite implying that the interface 
behaves like an ideally smooth interface and when the 
‘slip’ vanishes the interface behaves as a fully bonded 
interface. We may assume that shearing stress = K × 

slip at the interface of loosely bonded media so that the 
vanishing of K corresponds to an ideally smooth 
interface and an infinitely large value of K corresponds 
to a welded interface. The intermediate values of K 

represent a loosely bonded interface. 

We assume a model having a viscous liquid 
layer between the elastic half-space and liquid-saturated 
porous viscoelastic solid half-space. Let H be the 
thickness of the layer and ξ  be the coefficient of 
viscosity and → 0H  implying that the thickness of the 
layer is infinitely small. It is reasonable to assume that 
the shearing stress at the interface is given by 

                                

 

 

 

  

 

 

   

  
 

 

   

 
 

 

                                
( ) ( ) ( ) ( )µ λ µ α α ρ ρ∂

∇ + + + ∇ ∇ + ∇ ∇ = +
∂

    2
2 2

2. . fu M u M w u w
t

,                     (4) 

                                               
( ) ( ) ( ) ηα ρ

χ
∂ ∂

∇ ∇ + ∇ = + +
∂ ∂


   

2

2[ . . ] f
wM u M w u mw

t t
,                                    (5) 

Where, the vector ( )w U uβ= −
   

represents 
the flow of liquid relative to the solid measured in terms 
of volume per unit area of the bulk medium,  ,λ µ  are 
Lame’s constants for the solid, ρ  is mass density of the 
bulk material, fρ  is mass density of liquid, m is Biot’s 
parameter which depends upon porosity  and fβ ρ , 
η  is pore fluid viscosity, and χ  is permeability. α  and 

M

 

are  the  elastic  coefficients related  to the  coefficient
of fluid  content γ , unjacketed  compressibility δ

 

and jacketed incompressibility 

 

by

 

1 Kα δ= − , ( )γ δ δ= + − 21/M K . 

The stresses ijτ
 
and liquid pressure fp

 
are 

given by solid
 

( )22ij ij ije M e Mτ µ λ α α ξ δ = + + +  , α ξ= −f ep M M ,                                (6) 

Where ( ), ,

1

2ij i j j ie u u= +  is strain tensor and  

e div u=


, div wξ =


 are the dilatations. The 
viscoelastic and relaxation properties are obtained by 

replacing the elastic coefficients λ µ γ δ, ,  and 

 

by the 
operators * *,λ µ , * *

 

and γ δ

 

respectively. Applying 
the correspondence principle, we have 

 

     

                              ( )λ µ α δ γ δ δ= + = − = + −* * * * * * * * * *2 *2 , 1 , 1/
3

K K M K
                                  

(7)
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xz

u
z

σ ξ ∂ =  ∂ 

 ,                    (1)

where u is the component of velocity parallel to 
the interface (dot represents time derivative) and the 
partial derivative is taken normal to the interface. 
Equation (1) can be approximated as

                         
( )xz eu u

H
ξσ = −  ,          (2)

where ( )eu u−  is the jump in the 
x-component of velocity across the layer. If we assume 
the waves to be time harmonic, then equation (2) can be 
written as

                
( )xz ei u u

H
ξσ ω  = − − 

 
,            (3)

where ω is the angular frequency and u and 

eu are the displacement components parallel to the 
interface at the boundaries of the infinitesimal thin layer 
of viscous liquid.

III. Basic Equations

According to Biot (1962), the differential 
equations governing the displacement u of solid matrix 
and U


of interstitial liquid in a homogeneous isotropic 

porous solid saturated by viscous liquid are 
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2
3

K λ µ = + 
 



 
 
and, the stress-strain relations are  

                            ( )2* * * * * *2ij ij ije M e Mτ µ λ α α ξ δ = + + +
 

, α ξ= − −* * *
fp M e M ,                         (8) 

With the help of (7), the equations of motion (4) and (5) become  

                                    ( ) ( )µ λ µ α α ξ ρ ρ∂
∇ + + + ∇ + ∇ = +

∂
  2

2
* 2 * * * * * *

2 fu M e M u w
t

,                      (9) 

 
                                           

( ) ( ) ηα ξ ρ
χ

∂ ∂
∇ + = + +

∂ ∂


 2

* * *
2 f

wM e M u mw
t t

,                                                 (10)

  

  

         

 

 

                                         
( ),0,u u w=


, ( ),0,U Wω =


,  ( ),0,e e eu u w=


,                                           (12) 

where 

1211u
x x z

φφ ψ∂∂ ∂
= + +

∂ ∂ ∂
, 1211w

z z x
φφ ψ∂∂ ∂

= + −
∂ ∂ ∂

, ( )ψ ψ= −

1 , 

1211
1 2 0U

x x z
φφ ψµ µ α

∂∂ ∂
= + +

∂ ∂ ∂
, 1211

1 2 0
dW

z z x
φφ ψµ µ α∂ ∂

= + −
∂ ∂ ∂

, 

,e e e e
e eu w

x z z x
φ ψ φ ψ∂ ∂ ∂ ∂

= + = −
∂ ∂ ∂ ∂

,  ( )e eψ ψ= −


, 

( ) ( )
* * * 2

*

2 /
, 1,2f j

j

f

v
j

m i

ρ α ρ λ µ
µ

ηρ α
ωχ

− + +
= =

 
− + 

 

,  
( )

ρ
α

η ωχ
= −

+0 .
/

f

m i

IV.

 

Reflection

 

and

 

Transmission 

For incidence of P

 

or

 

SV

 

wave, there will be 
reflected P, SV waves in elastic half-space and refracted

1P , 11P

 

and SV waves in viscoelastic porous solid as 

shown in Figure 1.

 

The appropriate boundary conditions at a 
loosely bonded interface z = 0 between elastic solid 
and viscoelastic porous solid half-spaces are 

 

i.

 

( ) ( ) ( )zz zz fI II II
pτ τ= + , 

ii.

 

( ) ( )xz xzI II
τ τ=

, 

iii.
 

( ) ( )I II
w w=

, 

iv.
 ( ) ( )− = 0

III
w W

, 

v.
 ( )τ τ= −0xz eu u

,  
ψτ µ

ψ θ
= −

−
*

0
0

1 .
1 sin

ik
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Following Sharma and Gogna (1991), in an unbounded viscoelastic porous solid saturated by viscous 
liquid, two dilatational waves of first and second kinds ( 1 11 wave and  wave)P P and one shear wave 
propagate. They also obtained the velocities ( )=, 1,2jv j of dilatational waves and the velocity 3v of shear 

                 wave as 

                                                           

( )
* *

2
*

2 , 1,2j
j

v jλ µ
ρ
+

= =
*

2
3 *

3

v µ
ρ

= .                                                   (11)

To consider only two-dimensional reflection problem, we shall restrict the plane wave solutions for the 
displacement potentials to those that have propagation and attenuation vectors in the x-z plane. Following Sharma 
and Gogna (1991), the components of displacement vectors are taken as
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The  appropriate potentials in elastic half- space are
 

                                                           
( ) ( )

0 1
i kx d z t i kx d z t

e A e A eα ω α ωφ − − + −= + ,                                       (13)
 

                                                               ( ) ( )*
0 2

i kx d z t i kx d z t
e A e A eβ ω β ωψ − − + −= + ,                                           (14)

 

                  where 

1
2 2

2. .d p v kωα
α

   = −  
   

, 

1
2 2

2. .d p v kωβ
β

   = −  
   

. 

The appropriate potentials in viscoelastic porous solid half-space are
 

                                                                   
( ) ( )ωφ − ⋅ ⋅ −= ⋅

  
12 12

11 11
A r i P r tB e e ,                 

 
      

  
                         (15)

 

                                                                   
( ) ( )ωφ − ⋅ ⋅ −= ⋅

  
22 22

12 21
A r i P r tB e e ,         

 
                                        (16)

 

                                                                   
( ) ( )ωψ − ⋅ ⋅ −= ⋅
  
32 32

12
A r i P r tC e e ,                                                    (17)

 

where, the propagation vectors ijP
  

and attenuation vectors ijA
  

are defined by
 

( )
ReRe ˆ ˆ1 j

ij iP k x dv z= + −


,  ( )= + −


ImIm ˆ ˆ1 ,j
ij iA k x dv z

 
with 

1
2 2

2
2i
i

dv p v k
v
ω 

= ⋅ − 
 

. 

where = −


12 1( )yC C , 


1C
 

is arbitrary complex 

vector chosen such that ψ∇ ⋅ =
 0, k

 

is an arbitrary 

complex number such that Re 0k ≥
 

to ensure 

propagation in the positive x-direction. The subscripts 

Re and Im denote the real and imaginary parts of the 
corresponding complex quantities. Following Borcherdt 
(1982), the displacement potentials given by (13) to (17) 
satisfy the boundary conditions for all values of x

 

provided that

 

             

ω θω θ ω θ θ θ θ
α β α β

= = = = = = =
  

* * *20 1
Re 12 1 22 2 32 3

sinsin sin sin sin sin ,k k P P P
or

          (18)

 

                                                             
( )θ γ= − =


*

Im 2 sin , ( 1,2,3)j j jk A j                                                   (19)

 

Which is the extension of Snell’s law. We also obtain the following non-homogeneous system of five 
equations

 

                                                                 =

= =∑
5

1

, ( 1,2,..,5)ij j i
j

a Z b i ,                                                     (20)

 

where

 

( ) ( )λ λ µ α µ β= − − + =22
11 122 , 2a k d a kd , 

( ) ( ) ( ){ }22* * * 2 * * * * * *
13 1 1 11a H M dv k M M Mα λ α α µ µ= − + + − ⋅ − −

 

( ) ( )µ α+ − ⋅ 2* * *
1 1 ,M M dv

 

( ) ( ) ( )22* * * 2 * * * * * *
14 2 2 21a H M dv k M M Mα λ α α µ µ = − + + − − − 

 

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  
Y
e
a
r

20
14

38

J
Reflection and Transmission of Elastic Waves at a Loosely Bonded Interface between an Elastic Solid and a 

Viscoelastic Porous Solid Saturated by Viscous Liquid



 

( ) ( )µ α+ − 2* * *
2 2 ,M M dv  

( )λ α= − −
2* * * *

15 3 ,a kdv H M  

( )µ α µ β µ = − = − − = − 
2 2 *

21 22 23 12 , , 2 ,a k d a d k a k dv  

( )µ µ  = − = − 
2* * 2

24 2 25 32 ;a k dv a dv k  

α= = − = = =31 32 33 1 34 2 35, , , , ,a d a k a dv a dv a k  

( ) ( )µ µ= = = − − = − −41 42 43 1 1 44 2 20, 0, 1 , 1 ,a a a dv a dv  

( )α= − −45 01 ,a k  

*
51 0 52 0 53 1 0; ; 2a ik a id a kdv ikτ βτ µ τ= = = − ; 

( ){ }2* * 2
54 2 0 55 0 3 32 ;a kdv ik a i dv dv kµ τ τ µ= − = − −

 

ψ ψβ
ψ θ ψ θ

= ⋅ = ⋅
− −

2
51 52

0 0

1 1,
1 sin 1 sin

a k a kd
 

ψ ψ
ψ θ ψ θ

= − ⋅ = − ⋅
− −

2 2
53 1 54 2

0 0

1 12 , 2 ,
1 sin 1 sin

a kdv k a kdv k
 

( ){ }ψ
ψ θ

= ⋅ − −
−

2 2
55 3 3

0

1 ,
1 sin

a kdv dv k
 

(a)
 

For incident P
 
wave,

 

1 11b a= − , 2 21b a= , 3 31b a= , 41 4a b= , 5 51b a= − , 

and

 

1
1

0

AZ
A

= , 2
2

0

AZ
A

= , 11
3

0

BZ
A

= , 21
4

0

BZ
A

= , 12
5

0

CZ
A

= , 

Are amplitude ratios of

 

reflected P, reflected SV, refracted P12, refracted P22

 

and refracted P32

 

waves, 
respectively.

 

   

1 12b a= , 2 22:vS b a= − , 3 32b a= − , 42 4a b= , 5 52b a= ; 

and

 

1
1 *

0

AZ
A

= , 2
2 *

0

AZ
A

= , 11
3 *

0

BZ
A

= , 21
4 *

0

BZ
A

= , 12
5 *

0

CZ
A

= , 

Are amplitude ratios of reflected P, reflected SV, refracted P12, refracted P22

 

and refracted P32

 

waves, 
respectively. For ψ = 1 , the above system of equations (20) reduces for welded interface.

 

 

 

G
lo
ba

l 
Jo

ur
na

l  
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

39

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

J

Reflection and Transmission of Elastic Waves at a Loosely Bonded Interface between an Elastic Solid and a 
Viscoelastic Porous Solid Saturated by Viscous Liquid

For Incident wave,SVa)



 
     

  

    

 

  

 

  

 

 

 

 

   

  

 

  

  

 

  

 

( ) 111 20.73787 10 /dynes cmδ
−−= × , ( ) 111 20.889 10 /dynes cmγ

−−= ×
 

11 20.922 10 /R dynes cmµ = × , 11 20.3032 10 /R dynes cmλ = × . 

Following Bullen (1963), the material constants of granite as elastic half-space are 
                                                considered as 

λ µ ρ= × = × =11 2 11 2 32.238 10 / , 2.992 10 / , 2.66 / .dynes cm dynes cm gm cm

Using all the above numerical values and 
equations (18) and (19), the reflection and transmission 
coefficients 1 2 3 4, , ,Z Z Z Z and 5Z , given by (20), are 

computed for incident P  and SV waves. The angle of 
incidence 0θ , is considered to be varying from normal 

incidence ( )0 0θ = °  to grazing incidence ( )0 90θ = ° . 
We restrict the numerical computations for 
homogeneous case only.  
a) Loosely Boundary Effect 

i. Incident P wave 
The amplitude ratios of reflected P and SV 

waves for ψ = 0.25, 0.5, 0.75 and 1.0 are plotted 
against the angle of incidence (0o < θ0 < 90o) of P 
wave. These variations are shown in Figures 2 and 3 by 
black, blue, red and green curves, respectively. In each 

case, the amplitude ratios of reflected P and SV waves 
are same at normal and grazing incidence. The 
comparison of the different curves shows the effect of 
loose boundary on amplitude ratios of reflected P and 
SV waves. This effect is observed maximum in the range 
45o < θ0

 < 90o. The amplitude ratios of refracted P12, P22
 

and P32
 waves for ψ = 0.25, 0.5, 0.75 and 1.0 are 

plotted against the angle of incidence of P wave. These 
variations are shown in Figures 4 to 6 by black, blue, red 
and green curves, respectively. These amplitude ratios 
are also affected due to loosely boundary at angles 
other than grazing and normal incidence. 

ii. Incident SV wave 

The amplitude ratios of reflected P, SV waves 
and refracted P12, P22

 and P32
 waves for ψ = 0.25, 0.5, 

0.75 and 1.0 are plotted against the angle of incidence 
(0 < θ0

 < 50) of SV wave also. These variations are 

© 2014  Global Journals Inc.  (US)
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V. Numerical Results and Discussion

For numerical computations of reflection and 
transmission coefficients, we resolve the operators 

* * *, ,λ µ γ and *δ into their real and imaginary parts, 
for a general linear viscoelastic solid. Following Biot 
(1962), the operators *γ and *δ are approximated by 

elastic coefficients, i.e. * *,γ γ δ δ= = . Following 

Silva (1976), we write ( )* 11R siQµ µ −= + , and 

( ) ( )* * 12 2 1R R eiQλ µ λ µ −+ = + + , where 1
eQ − and 

1
sQ − are compressional specific attenuation and shear 

specific attenuation, respectively. Subscript R denotes 
the real parts of the corresponding quantities. Following 

Biot (1956b), Poiseuille flow breaks down if frequency 

( )/2f ω π= exceeds a certain value tf given by

24t
f

f
d

πη
ρ

= , where d is the diameter of the pores. If 

the pores behave like circular tubes, then 

= 0.154t cf f , where / 2c ff ηβ χ πρ= is the 

characteristic  frequency.  Therefore,  we  are  restricted

to the frequency range 0 0.154t

c c

ff
f f

< < =
.

Following Murphy III (1982), we consider water-

saturated Massilon-sandstone with the following 
parameters: Porosity = 23 per cent, Grain density = 
2.66 gm/cm3, Pore diameter = 3 × 10–3 cm. Following 
Biot (1956b), in case of water in the pores at 15°C, we 

find 10000
9tf = Hertz for d = 3 × 10–3 cm. Specific 

attenuation 1
eQ − and 1

sQ − in partially Massilon-

sandstone are strongly frequency dependent. However, 
dependence is weak only in very dry rocks or in wetted 
rocks (100 per cent saturation). Following Murphy III 
(1982) for 100 per cent water-saturated Massilon-

sandstone, we choose 1 0.04eQ − = and 
1 0.047sQ − = at ~ 560f Hz. Hence we find

0.0776
c

f
f

= approx, and t

c

f
f

ρη
ωχ β

= , where fρ

is the density of interstitial water and is assumed to be 1 
gm/cm3. Following Zwikker and Kosten (1949), Biot’s 

parameter m may be expressed as ; 1fc
m c

ρ
β

= ≥ , 

where, for uniform circular pores with axes parallel to the 
pressure gradient, c would be equal to 1. 

Following Fatt (1959) and Yew and Jogi (1976) 
relevant elastic parameters for water-saturated 
sandstone are chosen to be
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shown in Figures 7 to 11 by black, blue, red and green 
curves, respectively. The comparison of the different 
curves shows the effect of loosely boundary on 
amplitude ratios of reflected and refracted waves. 

b) Viscoelastic effect 
To observe the viscoelastic effect on reflected 

and transmitted coefficients, we consider the incidence 
of P wave and ψ = 0.25.  On comparing the solid and 
dotted curves in Figures 12 to 16, it can be seen that the 
coefficients of reflected and transmitted waves change 
due to viscoelastic effect.  

VI. Concluding Remarks 

Relations between reflection and transmission 
coefficients are obtained for incident of P and SV at a 
loosely bonded interface between an elastic solid half-
space and a viscoelastic porous solid half-space. 
Numerical values of these coefficients are computed for 
a particular model of the interface. It is observed that 
these coefficients are affected significantly due to the 
presence of loosely boundary. These coefficients are 
also affected due to the presence of viscoelasticity in 
upper half-space. 
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Figure 1 : Geometry of the problem
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Figure 2 : Variations of the amplitude ratios of reflected 
P wave against the angle of incidence of P wave for  

different values of loosely bonded parameter. 

 

Figure 3 :

 

Variations of the amplitude ratios of reflected 
SV

 

wave against the angle of incidence of P

 

wave for 
different values of loosely bonded parameter

 
 

 

Figure 4 : Variations of the amplitude ratios of reflected 
P12

 

wave against the angle of incidence of P

 

wave for 
different values of loosely bonded parameter

 

 

Figure 5

 

: Variations of the amplitude ratios of reflected 
P22

 

wave against the angle of incidence of P

 

wave for 
different values of loosely bonded parameter
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Figure 6 : Variations of the amplitude ratios of reflected 
P32

 

wave against the angle of incidence of P

 

wave for  
different values of loosely bonded parameter

 

 

 

Figure 7 : Variations of the amplitude ratios of reflected 
P

 

wave against the angle of incidence of SV

 

wave for 
different values of loosely bonded parameter

 
 

 

Figure 8.

 

Variations of the amplitude ratios of reflected 
SV

 

wave against the angle of incidence of SV

 

wave for  
different values of loosely bonded parameter.

 
 

 

Figure 9 :

 

Variations of the amplitude ratios of reflected 
P12

 

wave against the angle of incidence of SV

 

wave for 
different values of loosely bonded parameter
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Figure 10 :

 

Variations of the amplitude ratios of reflected 
P22

 

wave against the angle of incidence of SV wave for  
different values of loosely bonded parameter

 

 

Figure 11 :

 

Variations of the amplitude ratios of reflected 
P32

 

wave against the angle of incidence of SV

 

wave for  
different values of loosely bonded parameter

 
 
 

 

Figure 12 : Viscoelastic effect on the amplitude ratios of 
reflected P

 

wave against the angle of incidence of                           
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Assessment of Students’ Information Literacy 
and Information Fluency Competency: A Case 

Study in Japan 

Eiko Takaoka

Abstract- This paper describes the assessment of the 
competency of students’ information literacy and information 
fluency in order to obtain the levels of university student 
competency in Japan. As the results, a significant difference 
occurred between pre- and post-tests for all courses. The 
difference indicates that the students’ skill improved through 
these courses. In addition, although year-to-year differences 
occurred, no overall trend was seen. For mixed-year courses, 
no difference occurred in the school year. The result of the 
investigation about difficult fields for students to understand 
revealed that students tend not to understand accurate 
definitions of technical terms and lack net manners regarding 
sending email. The results will contribute to the course design 
of an information fluency course in the future. 

I. Introduction 

igital natives”, who are the generation of 
young people born in the digital age, are 
assumed to be inherently savvy in 

technology [1]. Students often use “cloud” applications 
such as Facebook, Twitter, and GoogleDocs as their 
learning environments. Taking pictures with a 
smartphone of the projection screen happens far too 
frequently in the classroom. “Information literacy” and 
“information fluency” are the two main terms that 
consider the skills needed to use computers and access 
information. However, the definitions of these terms 
vary. 

Many countries have judged that it is essential 
to offer educational programs in information fluency for 
students to prepare for life and work in today’s world, in 
which our information society continues to expand. 
However, differences regarding educational style exist 
between Western countries and non-Western countries. 
Education in Western countries tends toward a student-
centered style, but the education in non-Western 
countries tends toward a teacher-centered style. 

Given such a background, this paper describes 
the assessment of students’ information literacy and 
information fluency competency in order to assess the 
levels of university student competency in Japan. In 
addition, the results of investigation of the students’ 
performances are also described. 
 
 
 
 
Author: Sophia University, Japan. e-mail: m-g-eiko@sophia.ac.jp 

II. Related Work 

a) Information Literacy and Information Fluency 
Three terms regarding the skills needed to use 

computers and to access information are “information 
literacy”, “IT fluency”, and “information fluency”. 

The term “information literacy” is relatively new. 
It was first employed in a report by the 1974 National 
Commission on Libraries and Information Science [2]. 
The report describes the skills needed to use a variety of 
information tools to access and synthesize information 
from primary and other sources. However, as digital 
technologies have grown in importance, definitions of 
information literacy have expanded to include their 
specific uses [3]. 

In 1999, the National Research Council 
Committee on Information Technology Literacy 
proposed the new term “IT fluency”, which is the 
requisite knowledge and skills of IT-fluent students 
promulgated by a group of experts from research and 
academic computing communities [4,5]. In addition, 
Ref. [5] explored three diverging concepts and terms—
information literacy, IT fluency, and information fluency—
and described the emerging connections and 
discussions concerning information literacy and IT 
fluency between and among various levels of education 
in the United States. The author also stated the following 
regarding “information fluency”: 

Due to all of the discussion concerning the 
development of these terms that describe 
accessing, evaluating, and using information, a new 
concept has emerged in recent years called 
information fluency. This concept blends many of 
the characteristics of traditional information literacy 
and IT fluency and similar concept such as digital 
literacy, or e-learning. 

Since then, the term “information fluency” has 
proliferated: in Ref. [6], a search engine generated 
approximately 2,267,400 results in 2.54 seconds on 4 
March 2011 for the number of information fluency-
related terms and an additional 14,139,700 results a 
month later. This study focuses on the two terms 
“information literacy” and “information fluency”, which 
includes information literacy, IT fluency, and similar 
concepts. 
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Ref. [7] proposed that the modern or 
contemporary classroom should enhance the learning 
experience and promote twenty-first century 
competencies and concluded that having a successful 
hybrid learning (use of face-to-face instructional 
methods and various learning technologies) 
environment is important.

Our university has required programs in 
information literacy since 2001. The students obtain the 
ability to use computer applications and the Internet in 
the following ways: to write, search, and evaluate 
programs; to use and manage information; and to 
create web pages and gain knowledge of the social and 
legal implications. In 2008, we conducted 34 information 
literacy classes (50–80 students per class). In 2003, 

information study became a required course in most 
high schools in Japan. Because students had learned 
the rudimentary knowledge in high school, the university 
curriculum was reorganized on the basis of the results of 
a questionnaire survey of the knowledge level of 
freshmen, and an introductory class was added as a 
traditional course.

Since then, the curriculum was reorganized 
again with the development of information technology, 
and the courses regarding information literacy as 
required courses were abolished and a wide range of 
courses on information fluency were provided as 
electives [8,9]. Table 1 shows the course catalog for the 
categories “Information Literacy” and “Information 
Fluency”.

Table 1 : Course catalog for “Information Literacy” and “Information Fluency”

Category Course Title
Number 

of
classes

Number of 
students

Information Literacy

Introduction To Information Literacy 1 around 80

General 14 around 40 - 80

Information Retrieval and Searching 2 90

Statistics 2 around 30

Data Transactions 2 90

English Version 2 44

Information Science 2 80

Information Fluency

Systematic Information Processing 1 44

Programming Method 2 80

Systems Consulting 1 80

OOP & JAVA 1 19

Informatics and Human Interaction 1 90

Multimedia Communication 1 44

Media and Networking Technology 1 20

Informatics and Digital Network Interactions 1 36

IT Passport Exam I * 1 36

IT Passport Exam II 1 40

Fundamental Course Excel Transactions 1 66

Advanced Course in Excel Transactions 1 80

Web Pages in HTML and CSS 1 44

C Programming 1 36

Excel Transaction by VBA 1 80

Game Programming 1 44

*IT passport is a Japanese national examination regarding fundamental knowledge of IT.
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The goal of this discipline is that students obtain 
the knowledge and skill for living in a world in which our 
information society continues to expand.

All of the courses are basically conducted as 
hands-on exercise lessons in the computer room. That 
is, students are required to create something by using a 
computer application or students in a course must 
configure their computer to communicate on the 
Internet. Most courses are teacher-centered lectures, 
although some courses adopt the student-centered 
approach.

The author taught the Information Literacy 
course from 2008 to 2010, and has continued to teach 
the information fluency course, Informatics and Human 
Interaction (see shaded area in Table 1), since 2011. In 
addition, the author has taught Computers and Human 
Interaction, which is similar to Informatics and Human 
Interaction, at another university since 2010. The details 
are described later in the Methods section. In 
Informatics and Human Interaction as well as 
Computers and Human Interaction, the author adopted 
blended style lectures, that is, the first half of a lesson 
follows a teacher-centered style and the last half follows 
a student-centered style that includes discussion, peer-
review, and so on. It is known that it is difficult for some 
Japanese students to join in the discussions. However, 
the author did not force such students to join and a brief 
period of discussion seems to be acceptable for most 
students.

In the course, the author carried out student 
assessments of contemporary skills. The assessment 
was the same during 2008–2011 and in 2014.

This article reports the results of the 
questionnaire survey for suggesting the direction for 
future research regarding what students are not able to 
understand and how lecturers should compose our 
course curriculum.

b) Information and Communication Technology (ICT) 
competence

Various reports have investigated the 
measurement of information literacy and information 
fluency competence [10-14]. In Ref. [10], Aesaert et al. 
state that most of the measures that have been 
developed are directed toward students’ ICT self-
efficacy, which is mostly measured by using a Likert 
scale. A big disadvantage of a Likert scale is that we 
cannot exactly assess how competent a pupil is, 
because the different positions on the scale are not 
assumed to be equally spaced.

c) Teaching Style
In Ref. [6], the author suggests the 

                    following.
amongst the estimated two billion Internet users 
worldwide in 2010, approximately 61% are from 
countries in Asia, the Middle East, the Caribbean 
and South America.(p.15)

In addition, the author added a variety of 
discussions that focused on whether the Western 
educational approach of information fluency could be 
applied to non-Western country students because the 
culture and the education system are different between 
Western countries and non-Western countries, as 
follows.

Education systems in countries like China, Taiwan, 
and Japan are interpreted as conservative and 
teacher-centered.(p.15)
The expectation might be that education in these 
countries is not really geared to embrace IF and 
would resist it as a foreign way of thinking brought 
on by globalization. (p16)

However, the author described the following.

Watkins (1998) and Biggs (2003) noted that 
research has established that, in practice, much of 
the university teaching in countries such as Australia 
and the United States is more about lecturers being 
knowledgeable about their subject and imparting 
this knowledge to their students in a teacher-
directed fashion. (p.17)

Watkins, D. (1998). A cross-cultural look at 
perceptions of good teaching: Asia and the West. In 
J. Forest (Ed.), University teaching: International 
perspectives (pp. 19-34). New York: Garland 
Publishing, Inc.

Biggs, J. (2003). Teaching for quality learning at 
university (2nd ed.). Maidenhead: Open University 
Press.

Another article [15] stated the following.

The Academic Achievement Challenge: What Really 
Works-in the Classroom by the late Jeanne S. Chall 
makes the assertion, sure to be controversial, that a 
traditional, teacher-centered approach generally 
results in higher academic achievement.

On the other hand, Ref. [16] evaluated web 
searching competency based on students’ searching 
performance. The participants included 141 
undergraduate and graduate students from Wuhan 
University, China. The results are described as follows.

Competency levels for searching academic tasks 
were higher than those of daily-life tasks, especially 
when the degree of difficulty increased. In 
information literacy education it is therefore vital to 
teach students comprehensive web searching 
competency that includes knowledge and 
techniques for both academic and daily-life search 
tasks.

Therefore, in this study, we evaluated 
competency levels for information literacy and 
information fluency of students who took a course in 
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information literacy or information fluency during 2009–
2011 and in 2014.

Moreover, this study used performance-based 
tasks to develop a direct measure of ICT competence.

III. Method

Three courses are described in this paper: 
Information Literacy, and Information and Human 
Interaction at our university (“S” university in Tables 2, 3, 
and 5), and Computers and Human Interaction at “I” 
University. The Information Literacy course was a 
required subject for freshmen (2009–2010). The author 
has been teaching the new course Information and 
Human Interaction, which is an elective subject for all 
years of students (after 2011). Both this course and 
Information Literacy consist of one 90-minute period per 

week for 14 weeks. Our university is on the semester 
system, but “I” University is not (three terms per year). 
“Computers and Human Interaction” at “I” University is 
an elective subject for all years of students and consists 
of three 70-minute periods per week for 10 weeks. 
Course schedules are shown in Table 2. Although a few 
minor changes are made every year for each subject, 
the contents of the courses remain about the same.

For all of the courses, students typically submit 
their assignments to the Moodle (Modular Object-
Oriented Dynamic Learning Environment), an open-
source course management system, for each class, 
watch short video clips regarding information ethics 
(computer viruses, intellectual property rights, net 
manners, and so on) and they hand in a term paper at 
the end of the semester.

Table 2 : Course schedules

Information Literacy (“S” university)

Orientation

Touch Typing

How to Use the Informational Service of the Library

Touch Typing

Writing

Writing (advanced)

Spreadsheet (simple calculations)

Spreadsheet (using functions)

Spreadsheet (macros)

Making a Presentation

Programming Language (HTML)

Net Manners

Information Ethics

General Overview

“Information and Human Interaction” (“S” university)

Orientation

Internet Mechanism

How Email Works, How Web Communication Works

Media Literacy

Information Ethics

Intellectual Property Rights

Privacy and Security

How Information Is Represented in the Computer

What Computation Is
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Hardware Configuration

Overview of Information Systems

Programming Language (Dolittle)

Programming Language (Scratch)

The Role of Humans in this Information Society

Computer and Human Interaction (“I” university)

Orientation, Programming Language (Dolittle)

Internet Mechanism

How Email Works, How Web Communication Works

Media Literacy

Information Ethics

Intellectual Property Rights

Privacy and Security

How Information Is Represented in the Computer

Fundamental Information - Communication
What Computation Is

The Role of Humans in this Information Society

Table 3 shows an overview of the courses and the students’ performance in the pre - and post- tests. In 
this table, “M” is the mean, “SD” is the standard deviation.  The  “Number”  column indicates the number 
of valid responses of an assessment, that is, the number of students who took both the pre- and post-tests.

Table 3 : Overview of the courses and the students’ performance

Year Course Faculty School 
Year

Pre-test
M (SD)

Post-test
M (SD)

Number Type Univ.

2009 Information Literacy Foreign 
Studies

Freshman 20.8
(2.6)

22.5
(2.0)

55 required S

2010 Information Literacy Foreign 
Studies

Freshman 19.0
(2.9)

20.9
(3.8)

45 required S

2010 Computers and 
Human Interaction

mix mix 22.4
(1.9)

23.4
(1.8)

52 elective I

2011 Informatics and 
Human Interaction

mix mix 21.5
(2.5)

23.6
(2.3)

30 elective S

2011 Computers and 
Human Interaction

mix mix 21.3
(3.2)

22.6
(3.1)

60 elective I

2014 Informatics and 
Human Interaction

mix mix N/A 22.0
(2.7)

65 elective S

As stated above, the student assessment has 
two major components: a pre-test and a post-test 
(through 2011). In the pre- and post-tests, students were 

asked to answer 25 questions (1 point for each question 
except Question 1) in 7 parts to assess their skills. Table 
4 shows the details of the questions.

Table 4 : Details of the pre- and post-tests

Total points: 26 Description Question/Detail
Part 1 (2 points) Identifying accurate/inaccurate 

statements about extension of file
1 / regarding the file whose extension is .exe

Part 2 2 / .txt
3 / .ppt
4 / .doc
5 / .docx
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Part 3 Understanding the meaning of BCC and 
CC

6 /

Part 4 Identifying the case of violation of law or 
infringement of rights

7 / uploading something to the Internet
8 / private use
9 / private use

10 / uploading something to the Internet
11 / uploading something to the Internet
12 / uploading something to the Internet

Part 5 13 / copyright-protected period in Japan
Part 6 Identifying accurate/inaccurate 

statements about information ethics
14 / evaluating the appropriateness for forwarding 

messages (e.g., chain e-mail)
15 / keeping personal information

16 / gaining a correct understanding of the hazards of 
chatting with strangers

17 / net manner (no-subject e-mail)
18 / net manner (being polite)

19 / forwarding a message without acquiring 
permission from the sender

20 / sending message without writing your identities
Part 7 Identifying accurate/inaccurate 

statements about computer virus
21 / definition of computer virus

22 / dealing with computer virus infection
23 / How a computer gets infected with a virus or 

spyware?
24 / necessity of seeing what it is when getting email 

from strangers
25 / necessity of keeping one's antivirus software's 

virus definition files updated

IV. Analysis

a) Students’ performance (Course evaluation)

for all courses. A P value less than 0.01 was considered 
statistically significant. The results indicate that the 
students’ skill improved through these courses.

b) Year-to-year difference

The results of a paired samples two-sided t-test
between the pre- and post-tests for each course 
showed a significant difference between the two tests 

Is there any difference between years? The 
results of an independent samples t-test assuming 
unequal variances (P value less than 0.01 was 
considered statistically significant) are shown in Table 5 
for “S” university. For both the pre- and the post-tests, 
the performance in 2011 is higher than that in 2010. The 
2011 performance of the post-test is the highest of all 
four years.

The new course started in 2011 and the number 
of students who took the course was less than that in 
other years; therefore, the number of students is 
considered to be the reason for the highest score. The 
importance of small-group teaching to foster 
engagement with educationally effective practices was 
shown [17,18]. In addition, we offered a face-to-face 
class with small-group instruction for the weaker 
students, while we provided the fully online course for 
the regular students. We succeeded in helping the 
weaker students to overcome their programming phobia 
and to develop the ability to create basic programs [19]. 

The importance of small-group teaching was thus 
reaffirmed.

Table 5 : Year-to-year difference of “S” university

Pre-test (S) 2009 2010 2011
Average 

score 20.8 19.0 21.5
2009 -

2010 ** - **

2011 -

Post-test (S) 2009 2010 2011 2014
Average 

score 22.5 20.9 23.6 22.0

2009 - *

2010 + - **
2011 -

2014 ** -

Consequently, although year-to-year differences 
occurred, no overall trend was seen.

In contrast, the results comparing 2010 and 
2011 of “I” university by using an independent samples 
t-test assuming unequal variances (P value less than 
0.05 was considered statistically significant) indicates 
that a significant difference occurred (2010 results were 
higher than those in 2011).

**: significant difference in the two-sided t-test; *: significant 
difference in the one-sided test; +: two-sided test with a P 
value between 0.01 and 0.05.
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Figure 1 : Students’ performance for post- and pre-tests: The percentage of questions answered correctly 
(without “S” university in 2014 only)

Lower rates are shown for questions 11, 7, 6, 
13, 14, 20, 1 for the pre-test and questions 13, 11, 6, 1, 
20, 9, 7, 14 for the post-test, in order of increasing 
number of students answering correctly. Question 11 
and Question 7 are both about uploading something to 
the Internet. Question 11 is “You uploaded a music 
video where you played a very common song on the 
piano to your website” and Question 7 is “You uploaded 
the picture of a famous character you drew to your 
website”. As shown in Figure 2, Question 6 is about 
understanding the meaning of BCC and CC.

BCC and CC are expected to be well known 
now as compared with a decade ago. The reason why 
the accuracy rate was low could be that this question 
was worded as “Select WRONG statement” instead of 
“Select RIGHT statement”. However, if students did not 
correctly select “wrong statement”, does this result 
indicate that the students did not fully understand the 
question? Question 13 is about the copyright-protected 
period in Japan: “How long do the author's rights 
continue?” The answer is “In principle, 50 years after the 

author's death”. As shown in Figure 3, Question 1 is 
about the file whose extension is .exe.

Question 13 and Question 1 did not show a 
significant difference between the pre- and post-tests. 
Consequently, we have to improve the quality of 
teaching the information regarding these questions.

d) Difficult fields for students to understand
We analyzed what questions resulted in a lower 

student performance. Figure 1 shows the percentage of 
questions answered correctly for both pre- and post-
tests without “S” university in 2014 only.

c) Difference between types of school year
Regarding the mixed-year courses, is there any 

difference between the types of school year? The result 
of a two-sided t-test for independent samples assuming 
unequal variances (P value less than 0.01 was 
considered statistically significant) indicates that no 
significant difference occurred between the types of 
school year.
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Figure 2 : Question 6 (Part 3): Understanding the meaning of BCC and CC

Figure 3 : Question 1 (Part 1): The file whose extension is .exe

Question 20 is relevant to sending a message 
without including the senders’ identities. This result 
affected the performance of “S” in both 2009 and 2010. 
The correct answer rates of the pre- and post-tests of 
“S” in 2009 were 45% and 62%, respectively, and 38% 
and 49% in 2010. Smartphones were starting to come 
out at this time, and when people sent an email using a 

smartphone or a mobile phone, they did not write their 
identities (name, affiliation, etc.) because it was easy to 
identify who the email was from if the address of the 
sender was registered. Therefore, it was no longer 
necessary for senders to write their identities explicitly. 
However, identities are necessary when using traditional 
email.

Question 6: Assuming sending email to the following address.

To: Bob

CC: Carol, Dyane, Emma

BCC: Frank, Gabriel

Select the wrong statement.

Options:

Ans1: The address of Bob is disclosed to Carol.

Ans2: The address of Carol is disclosed to Dyane.

Ans3: The address of Dyane is disclosed to Emma.

Ans4: The address of Emma is disclosed to Frank.

Ans5: The address of Frank is disclosed to Gabriel.

Question 1: Select the incorrect statement regarding the file whose extension is .exe.

Options:

Ans1: The program for installing software on the computer.

Ans2: If you double-click the file, the program is executed.

Ans3: The virus-infected program.

Ans4: You should not execute the file whose extension is .exe.

Ans5: If you download the file whose extension is .exe, you should confirm where it came 
from.
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The overall results also show that students tend 
not to understand the accurate definitions of some 
technical terms and lack net manners for sending email.

V. Conclusion 

In this paper, we evaluated the competency 
levels for information literacy and information fluency of 
students who took a course in information literacy or 
information fluency during 2009–2011 and in 2014.

Moreover, this study used performance-based 
tasks to develop a direct measure of ICT competence.

Significant differences occurred between pre-
and post-tests for all of the courses. These differences 
indicate that the students’ skill improved through the 
courses.

In addition, although year-to-year differences 
occurred, no overall trend was seen.

For the mixed-year courses, no difference 
occurred between school years.

The result of the investigation about fields 
difficult for students to understand revealed that 
students tend not to understand the accurate definitions 
of some technical terms and lack the net manners for 
sending email.

This research did not clarify whether a student-
centered style or a teacher-centered style is better. 
However, a blended style is efficient when considering 
the outcome of this research.

Beginning in 2013, taking a course on 
information studies became a requirement for all newly 
admitted high school students in Japan. Therefore, it will 
be necessary to investigate whether the performance of 
these students improves after several years. In addition, 
because the pre- and post-tests used in this research 
might not cover all aspects of the essential knowledge 
about information literacy and information fluency, they 
should be refined in the future.
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submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 

                                
               

© Copyright by Global Journals Inc.(US)| Guidelines Handbook

   

XVIII



 

 
 

shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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