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A Mathematical Formulation for Mixed Model 
Two Sided Assembly Line Balancing Problem 

to Consider Boundary Conditions 
Ashish Yadav α, Pawan Verma σ & Sunil Agrawal ρ 

Abstract- Purpose: The main aim of this paper is to develop a 
new mathematical model for the mixed model two-sided 
assembly line balancing problem (MTALBP) generally occurs 
in plants producing large-sized high-volume products such as 
buses or trucks. 

Methodology: In this paper, the proposed mathematical 
model is applied to solve two-sided mixed-model assembly 
line balancing problem with lower and upper bound. The 
proposed mathematical model is solved using a branch and 
bound algorithm on LINGO 17.0 solver.    

Findings: Based on the computational result, line efficiency 
that is obtained by reducing single and mated stations of the 
assembly line is good as compare to the theoretical minimum 
number of stations and reduces computational time by 
applying boundary conditions. 

Practical implications: Since the problem is well known as an 
NP-hard problem a benchmark study problem is solved, 
and the result of the study can be beneficial for assembly of 
the mixed model products in term of minimizing mated 
stations as well as computational time. 

Originality: By literature review, this paper is first to address 
mixed-model two-sided assembly line balancing problem with 
bounds using the exact solution approach. 

  

 

  

 

 

 

to workstations by considering some constraints to 
obtain an efficient assembly line to satisfy the customer 
demands on time. 

Assembly lines can divide into two different 
groups based on product characteristics and some 
technical requirements: (i) one-sided assembly lines, 
and (ii) two-sided assembly lines. While only one 
restricted side (either left (L) or right (R) side) is used in 
one-sided assembly lines, both left and right sides are 
used in two-sided assembly lines. Two-sided assembly 
lines are usually constructed to produce large-sized 
high volume products such as buses, trucks, 
automobiles, and some domestic products.  

Regarding the various numbers of product 
models assembled on the line, assembly lines can also 
be classified as single-model assembly lines and mixed-
model assembly lines. Assembly lines in which more 
than one product model is assembled on the same line 
without any setup requirement between models are 
called as a mixed model assembly line. Mixed-model 
assembly lines offer several advantages over single-
model assembly lines, including avoidance of 
constructing several lines, satisfied different customer 
demands, and minimized workforce need. Mixed-model 
assembly lines provide more flexibility toresponding to 
consumer demands on time and to reach global 
markets in a highly competitive scenario. With the 
solution of assembling more than one model on each 
adjacent line of two-sided assembly lines, we can obtain 
a new line system called Mixed-model two-sided 
assembly lines. 

Fig. 1: The structural illustration of MTALBP (Zhang et al. 2016) 

Author α σ ρ: Department of Mechanical Engineering, Indian Institute of Information Technology Design and Manufacturing, Jabalpur, India. 

e-mail: ashishyadav@iiitdmj.ac.in 
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Keywords: two-sided assembly line balancing, mixed 
model, mathematical model. lingo-17 solver.

Introduction

n assembly line is a flow-oriented production 
system, which consists of some workstations that 
are connected by material handling systems like a 

conveyor or moving belt. Assembly line balancing 
problem is determining the optimal assignment of tasks 

A
I.



II. Literature Review 

 (Simaria et al., 2009) presented mathematical 
programming model with ant colony optimization 
algorithm for solving two-sided mixed-model assembly 
line balancing problem with an objective of minimize the 
number of workstations of the line. (Ozcan et al., 2009) 
addressed TALBP with the objective of minimizes the 
number of mated-stations as the first objective and 
minimizes the number of stations as the second one for 
a given cycle time They presented a formal 
mathematical formulation for the problem and 
developed simulated annealing algorithm for maximizing 
the weighted line efficiency and minimizing the weighted 
smoothness index. 
 (Chutima et al., 2012) Presents a Particle 
Swarm Optimization with negative knowledge (PSONK) 
to solve multi-objective two-sided mixed-model 
assembly line balancing problem with the objective of 
minimizing the number of mated-stations for given cycle 
time. PSONK employs the knowledge of the relative 
positions of different particles in generating new 
solutions. (Aghajani et al., 2014) AddressedTALBP with 
the objective to minimize the cycle time for a given 
number of mated stations. They presented a mixed-
integer programming model for robotic mixed-model 
two-sided assembly line balancing and developed 
simulated annealing (SA) algorithm as Meta heuristic 
method is proposed to solve the problem. 
 (Rabbani et al., 2014) In this paper author 
presents a novel multiple U-shaped layouts is proposed 
to deal with the mixed-model two-sided assembly line 
balancing (MTALB) problems with the the mathematical 
formulation of two conflicting objectives including 
minimizing the cycle time and minimizing the number of 
workstations are considered under precedence, zoning, 
capacity, side, and synchronism constraints and 
developed genetic algorithms to solve it optimally. 
 (Kucukkoc et al., 2014) Presented a new 
assembly line system configuration for companies that 
need intelligent solutions to satisfy customized demands 
on time with existing resources. An agent-based ant 
colony optimization algorithm is proposed to solve the 
problem. They presented a mathematical formulation for 
simultaneous balancing and sequencing and developed 
an agent-based ant colony optimization algorithm to 
solve it optimally. (Yuan et al.,2015) Addressed TALBP 
with the objective of minimizing the number of       
mated-stations and a total number of stations for given 
cycle time. A Honey bee mating optimization (HBMO) 
algorithm is proposed to solve this problem.  
 (Zhang et al., 2016) In this paper, author 
introduces mixed-model two-sided assembly line 
balancing Type-II problem benefiting from the real data 
gathered through an industrial case study. This paper 
also contributes to knowledge by incorporating 
incompatible task groups, different from negative zoning 

constraints. (Kucukkoc., 2016) Addressed mixed-model 
two-sided lines with the objective for minimizing the 
cycle time of the line as well as the number of 
workstations. A real-world problem is solved using the 
proposed approach, and the efficiency of the line is 
improved. They presented a real-world problem and 
developed ant colony optimization algorithm to solve it 
optimally.  
 (Deliceet al., 2017) presented a new modified 
particle swarm optimization algorithm with negative 
knowledge is proposed to solve the mixed-model two-
sided assembly line balancing problem with minimizing 
the number of mated stations as the first objective and 
minimizing the number of stations as the second one for 
given cycle time. (Liet al., 2018) Addressed TALBP with 
two objectives those are simultaneous to be optimized; 
one is to minimize the combination of the weighted line 
efficiency and the weighted smoothness index. A novel 
multi-objective hybrid imperialist competitive algorithm 
(MOHICA) is to solve this problem.  

Although researchers have focused on Two-
sided ALB problems and, the literature review suggests 
that a very limited number of researchers focus on the 
mixed model two-sided assembly line balancing 
problem (MTALB). MTALB problems with the objective 
of minimizing mated stations along with lower and upper 
bound are very crucial objective in some industries. 
Hence, the main focus of this article is to reduce mated 
stations and computational time of an MTALB problem. 

This article mainly presents the following 
contributions to the research field:  
1) A Mathematical Model of mixed model two-sided 

assembly line balancing problem is proposed with 
Station oriented objective with lower and upper 
bound. 

2) The proposed mathematical model is tested on a 
benchmark problem and is solved using Lingo -17 
solvers to obtain the optimal solutions.  

3) The results of station oriented objectives with lower 
and upper bound are compared with the results of 
the theoretical minimum number of workstations. 
From this study, it is observed that the proposed 
station oriented objective with bounds provides 
better solutions in term of reducing mated stations 
and computational time. 

The rest of the paper is organized as follows: 
MTALBP definition is given in section 3 with objectives, 
assumptions, and constraints. Section 4 illustrates a 
mixed model two-sided assembly balancing problem 
example which is taken from the literature. Conclusions 
and future work are presented in section 5. 

III. Mathematical Formulation 

a) Overview  
The main objective of the proposed model is to 

assign the set of tasks in mixed model two-sided 

A Mathematical Formulation for Mixed Model Two Sided Assembly Line Balancing Problem to Consider 
Boundary Conditions
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assembly line balancing problem in such a systematic 
way so that mated station and single stations are 
reduced.  
 In this model reduces the computational time of 
the solver by adding boundary condition. Here the 
boundary conditions eliminate some variable which 
increases the computational time. Since assembly line 
balancing is an NP-Hard problem that’s why increase a 

single variable or constraint puts a lot of increment in 
time. So the reduction of these variables reduces the 
time rapidly. 
 Here lower and upper bounds for the 
assignment of a task basically depends on precedence 
relationship, cycle time and processing time of tasks. 
Here lower and upper bound are calculated by the 
formula mentioned below: 

Lower bound 

If a task does not have any predecessor then 𝐿𝐿𝐿𝐿𝑖𝑖 = 1 

𝐿𝐿𝐿𝐿𝑖𝑖 = �
sum of task time of all predecessor task of task i and task i

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
�

+

 

Here [𝑥𝑥]+ represents the lowest integer greater than or equal to x. 

Upper bound 

If a task does not have a successor then 𝑈𝑈𝑈𝑈𝑖𝑖 = max [𝐿𝐿𝐿𝐿𝑖𝑖] 

𝑈𝑈𝑈𝑈𝑖𝑖 = max[𝐿𝐿𝐿𝐿𝑖𝑖] − �sum  of  ta sk  time  of  all  successor  task  of  task  i and  task  i
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

�
+

+ 1. 

Here [𝑥𝑥]+ represents the lowest integer greater than or equal to x. 
If for any task i 𝐿𝐿𝐿𝐿𝑖𝑖 > 𝑈𝑈𝑈𝑈𝑖𝑖  then increment all 𝑈𝑈𝑈𝑈𝑖𝑖  𝑏𝑏𝑏𝑏 1. 

b) Assumptions 
The MTALB problem in this study includes the 

following assumptions: [2] 
• Models with similar production characteristics are 

produced on the same two-sided assembly line. 
• Workers perform tasks in parallel at both sides of 

the line. 
• Some tasks may be required to be performed at 

oneside of the line, while others may be performed 
at either side of the line. 

•
 

The precedence diagrams of different models are 
known.

 

•
 

Task times are deterministic and independent of the 
assigned station.

 

•
 

Parallel tasks and parallel stations are not allowed.
 

•
 

The travel times of operators are ignored.
 

•
 

No work-in-process inventory is allowed.
 

 

 
  

          

 
     

 

              

            

 
           
          

              
    

 

            
       

 

 
 

 

 

 

 

 

 

A Mathematical Formulation for Mixed Model Two Sided Assembly Line Balancing Problem to Consider 
Boundary Conditions

© 2019    Global Journals

     
      

     

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

IX
  

Is
su

e 
 I
  

V
er
si
on

 I
  

  
  
 

  

3

Y
e
a
r

20
19

G

Decision Variables
Symbol Description

xmijk

Binary variable indicating assignment of 

task�
1if task i of model m is assigned to station j on side k

0, otherwise �

stmi The start time of task 𝑖𝑖 for model m 

Zih

Binary variable indicating precedence relationships among the tasks in the same station

�
1if task i is assigned before task h in the same station
0, if task h is assignedbefore taski in the same station �

msj �
1if mated− station j is utilized

0, otherwise �

ssjk �
1 if station (j, k) is utilized

0, otherwise �



Notations 
Symbol Description 

𝐼𝐼 Set of all assembly tasks 
𝑁𝑁 Total no. of tasks 
𝐽𝐽 Set of all mated-stations 
𝑀𝑀 Set of all models 
𝑖𝑖 Index of assembly task;   𝑖𝑖 = 1, 2, . . .  𝐼𝐼 
𝑗𝑗 Index of station; 𝑗𝑗 = 1, 2, . . .  𝐽𝐽 
𝑚𝑚 Index of model; 𝑚𝑚 = 1, 2, . . .  𝑀𝑀 
𝑘𝑘 Index of mated-station direction;  

�
1 indicates a left direction

 2  indicates a right direction� 

(𝑗𝑗, 𝑘𝑘) Index of station 𝑗𝑗 and the associated mated-station direction 𝑘𝑘 
𝑃𝑃(𝑖𝑖) Set of immediate predecessors of task 𝑖𝑖 
𝑆𝑆(𝑖𝑖) Set of immediate successors of task 𝑖𝑖 
𝑡𝑡𝑚𝑚𝑚𝑚  Completion time of task 𝑖𝑖 for model 𝑚𝑚 
µ Large positive number 
𝐶𝐶𝐶𝐶 Cycle time 
d1i 

�
0  if task 𝑖𝑖 is a right− side

1  otherwise � 

 
d2i 

�
0  if task 𝑖𝑖 is a left− side 

1  otherwise � 

𝑅𝑅+ 
𝐿𝐿𝐿𝐿𝑖𝑖  
𝑈𝑈𝑈𝑈𝑖𝑖  

 

Positive real number 
Lower bound for assignment of task i  
Upper bound for assignment of task i 
 

Objective Function 

𝑀𝑀𝑀𝑀𝑀𝑀 𝑍𝑍 = ∑ �𝑡𝑡𝑚𝑚𝑚𝑚 ∗ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝐽𝐽 − 𝑗𝑗 + 1)�2𝐽𝐽
𝑗𝑗=1                                                                        (1) 

This non-linear objective function in equation (1) represents the sum of the square of each workstation’s 
workload to maximize the workload on each workstation. (𝐽𝐽 − 𝑗𝑗 + 1) is higher for initial stations and lower for ending 
stations. 

Constraints 

∑ ∑ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2
𝑘𝑘=1

𝑈𝑈𝑈𝑈𝑖𝑖
𝑗𝑗=𝐿𝐿𝐿𝐿𝑖𝑖

= 1                                         ∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖 ∈ 𝐼𝐼                                                  (2) 

∑ (𝑑𝑑1 ∗ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 1 + 𝑑𝑑2 ∗ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 2)𝑈𝑈𝑈𝑈𝑖𝑖
𝑗𝑗=𝐿𝐿𝐿𝐿𝑖𝑖

= 1              ∀ 𝑚𝑚 ∈ 𝑀𝑀,   ∀ 𝑖𝑖 ∈ 𝐼𝐼                                                  (3) 

∑ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∗ (𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚 + 𝑡𝑡𝑚𝑚𝑚𝑚 ) ≤ 𝑗𝑗 ∗ 𝑐𝑐𝑐𝑐2
𝑘𝑘=1                   ∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖 ∈ 𝐼𝐼,   𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖]                      (4) 

∑ (𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∗ (𝑗𝑗 − 1) ∗ 𝑐𝑐𝑐𝑐)2
𝑘𝑘=1 ≤ 𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚                    ∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖]                  (5) 

∑ ∑ 𝑗𝑗 ∗ 𝑥𝑥𝑚𝑚ℎ𝑗𝑗𝑗𝑗 − ∑ ∑ 𝑗𝑗 ∗ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2
𝑘𝑘=1

𝑈𝑈𝑈𝑈𝑖𝑖
𝑗𝑗=𝐿𝐿𝐿𝐿𝑖𝑖

2
𝑘𝑘=1

𝑈𝑈𝑈𝑈𝑖𝑖
𝑗𝑗=𝐿𝐿𝐿𝐿𝑖𝑖

≤ 0      ∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖, ℎ ∈ 𝐼𝐼, ℎ ∈ 𝑝𝑝(𝑖𝑖)             

𝑠𝑠𝑠𝑠𝑚𝑚ℎ−𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚 + µ�1 −�𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

2

𝑘𝑘=1

� + µ�1 −�𝑥𝑥𝑚𝑚ℎ𝑗𝑗𝑗𝑗

2

𝑘𝑘=1

� ≥ 𝑡𝑡𝑚𝑚𝑚𝑚           

∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖, ℎ ∈ 𝐼𝐼, 𝑖𝑖 ∈ 𝑝𝑝(ℎ),∀ 𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖]                                                                                (7) 

            𝑠𝑠𝑠𝑠𝑚𝑚ℎ − 𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚 + µ�1 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  � + µ�1 − 𝑥𝑥𝑚𝑚ℎ𝑗𝑗𝑗𝑗 � + µ(1 − µ(1 − 𝑧𝑧𝑖𝑖 ,ℎ) ≥ 𝑡𝑡𝑚𝑚𝑚𝑚  

∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖, ℎ ∈ 𝐼𝐼, 𝑖𝑖 ∉ 𝑝𝑝(ℎ), ℎ ∉ 𝑝𝑝(𝑖𝑖),∀ 𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖],∀ 𝑘𝑘 ∈ 𝐾𝐾                                              (8) 
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𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚 − 𝑠𝑠𝑠𝑠𝑚𝑚ℎ + µ�1 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 � + µ�1 − 𝑥𝑥𝑚𝑚ℎ𝑗𝑗𝑗𝑗 � + µ ∗ 𝑧𝑧𝑖𝑖 ,ℎ ≥ 𝑡𝑡𝑚𝑚ℎ             

∀ 𝑚𝑚 ∈ 𝑀𝑀, ∀ 𝑖𝑖, ℎ ∈ 𝐼𝐼, 𝑖𝑖 ∉ 𝑝𝑝(ℎ), ℎ ∉ 𝑝𝑝(𝑖𝑖),∀ 𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖], ∀ 𝑘𝑘 ∈ 𝐾𝐾                                             (9) 

𝑥𝑥𝑚𝑚1𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑥𝑥𝑚𝑚2𝑖𝑖𝑖𝑖𝑖𝑖          ∀ 𝑚𝑚1,𝑚𝑚2 ∈ 𝑀𝑀, ∀ 𝑖𝑖 ∈ 𝐼𝐼,   𝑗𝑗 ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖], ∀ 𝑘𝑘 ∈ 𝐾𝐾                              (10) 

xmijk ∈ {0,1}∀ i ∈ I,∀ m ∈ M,∀ j ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖], ∀ k ∈ K                                                              (11) 

ssjk ∈ {0,1}∀ j ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖],    ∀ k ∈ K                                                                                               (12) 

msj ∈ {0,1}∀ j ∈ [𝐿𝐿𝐿𝐿𝑖𝑖 ,𝑈𝑈𝑈𝑈𝑖𝑖]                                                                                                                   (13) 

zih ∈ {0,1}∀ i, h ∈ I, i ∉ p(h), h ∉ p(i)                                                                                              (14) 

stmi ∈ 𝑅𝑅+∀ i ∈ I , ∀ m ∈ M                                                                                                                  (15)

 Constraints (2) and (3) ensure that all the tasks 
are assigned to the workstation and each task is 
assigned only once. Constraint (4) and (5) ensures that 
the start time of every task is in the time range of the 
station on which it is assigned. Constraint (6) ensures 
that the starting time of any task is equal to or greater 
than the completion time of immediate predecessor of 
that task in the precedence diagram. Constraint (7) to 
(9) is specially designed for a TALBP. Constraint (7) will 
be active when task ℎis precedence of task 𝑖𝑖  and are 
assigned at the same mated station on opposite side 
otherwise the constraint will not be active. When this 
holds, the constraint is applied to stmi − stmh ≥
tmh which ensures that task ℎ is assigned before task 𝑖𝑖. 
Constraints (8) and (9) become active when tasks ℎand 
𝑖𝑖  do not have any precedence relationship and are 
assigned on the same station ( 𝑗𝑗, 𝑘𝑘 ). If 𝑖𝑖 is assigned 
earlier than 𝑝𝑝, then constraint (8) become stmh−stmi ≥
tmi ; if not, then constraint (9) becomes   stmi − stmh ≥
tmh .Constraint (10) ensures the assignment of a task on 

same station for all the models. Constraints (11) to (14) 
are the binary constraints constraint (15) ensures that 
the starting time of any task is a positive integer. 

IV. Solution Approach and Results 

a) Benchmark Problem 
In this section benchmark problem data [2] is 

used to solve the mixed model two-sided assembly line 
balancing problem (MTALB) problem as depicted in the 
appendix. Table (A,B,C) in appendix represents data of 
problem P(9), P(12), P(16) with their preferred side    
(Left, Right and Either). Further, it shows task 
processing time for both the models A and B and 
immediate predecessors of a task. 

b) Computational Results 
In this paper, MTALBP is solved by LINGO 17 

solver. Calculate theoretical minimum number of 
stations by the formula mentioned below: 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = [
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
]+ 

where [X]+ denotes the smallest integer greater than or 
equals to X. 

Here we are taking the maximum value of task 
for model A and model B in the calculation of total task 

time and cycle time is 3 for problem P(9) and P(12) and 
cycle time is 10 for problem P(16). 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑃𝑃(9)𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = [
19 
3

]+ = 7 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑃𝑃(12)𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = [
28 
3

]+ = 10 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑃𝑃(16)𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = [
98 
10

]+ = 10 

In figure 2, there are four mated stations in the 
optimal solution. In P(9) problem tasks, 1 are assigned 
to left side mated-station for model 1 and model 2 on 
the other hand task 2,3 are assigned to the right side of 
mated-station for model 1 and model 2. 
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Fig. 2:

 

Optimal task assignment of station oriented P(9) problem

 

Figure 3 indicates

 

that

 

in P(12) problem there 
are five

 

mated stations in the optimal solution and idle 
time for the left

 

side and right side mated-station is very 

less.

 

Idle time is rearranging at the end of the process

 

without violating precedence relationship.

 
 

  

Fig. 3:

 

Optimal task assignment of station oriented P(12) problem

 

Similarly,

 

figure 4 indicate that

 

in P(16) problem there are five

 

mated stations in the optimal solution.

 

 

Fig. 4:

 

Optimal task assignment of station oriented P(16) problem
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Table 1:  Computational result of problems 

S. N. Mated Station Single Station 
P(9)                    P(12) P(16) 

Task Assigned Task Assigned Task Assigned 

1 1 
1 
2 

1,3,6 
2,9 

1 
2 

1,2,3,6 
2,4 

2 2 
1 
2 

4 
5,6,9 

4,9 
5,3,8 

8 
5,7,9 

3 3 
1 
2 

7,8 
7 

7,11,12 
8,7 

7,8,11,12 
10,13 

4 4 
1 
2 

- 
- 

6,9,10 
10 

13,14,16 
11,14,15 

5 5 
1 
2 

- 
- 

- 
- 

- 
15 

Total  no. of  mated station 3                              4 5 
Total  no. of a single station 6                              8 9 
Theoretical minimum number of stations 7                             10 10 
Computational time without boundary conditions 
Computational time with  boundary conditions 

00:10:04                    00:23:09 
00:00:01                   00:02:01 

22:57:35 
00:21:33 

Table 1 is the summary result for benchmark 
problem that indicates task assignment in Problem P(9), 
P(12), P(16) for mated stations and single stations and 
indicate computational time are less with boundary 
conditions. Theoretical minimum number of stations is 

higher as compared to the total number of a single 
station for MTALB benchmark problem. 

Table 2. Indicate that the efficiency of MTALB 
for problem P (9) is 61.90 % for model 1and 52.38% for 
model 2. 

Table 2: Efficiency for MTALB problems 

Efficiency (%) Model 1 Model 2 

P9 61.90 52.38 

P12 81.48 74.07 

P16 62.04 62.04 

V. Conclusions and Future Research 

In this paper, a new mathematical model for 
solving the mixed model two-sided assembly line 
balancing station oriented objective approach with lower 
and upper bound is represented. Here lower and upper 
bounds for the assignment of a task reduce 
computational time as compared to without lower and 
upper bounds. 
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An illustrative benchmark problem P(9), P(12),

P(16) is solved using the proposed approach, and a 
numerical experiment is conducted to demonstrate the 
efficiency of the proposed approach. Solutions obtained 
by LINGO-17 solver for station oriented objective with 
bounds and theoretical minimum number of stations are 
evaluated. The experimental results show that the 
proposed approach obtains good solutions within a 
short computational time for every test problem.

In future mixed model, two-sided assembly line 
balancing can be developed for stochastic approach 
and meta-heuristic, such as tabu search algorithm and 
simulated annealing algorithm, ant colony optimization 

algorithm can be applied to solve mixed model         
two-sided assembly line balancing problem based on 
station oriented objective with lower and upper bound.
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Appendix 

   

Task No. Side 
Processing Time 

Model A 
Processing Time 

Model B 
Immediate 

Predecessors 

1 L 2 0 - 
2 R 3 1 - 
3 E 0 1 - 
4 L 3 0 1 
5 R 1 3 2 
6 E 1 1 2,3 
7 E 2 2 4,5 
8 L 0 3 5 
9 E 1 1 6 

Table B:  Data of P(12) Problem 

Task No. Side 
Processing Time 

Model A 
Processing Time 

Model B 
Immediate 

Predecessors 
1 L 2 3 - 
2 R 3 3 - 
3 E 2 0 - 
4 L 3 2 1 
5 E 1 2 2 
6 L 1 0 3 
7 E 3 2 4,5 
8 E 3 1 5 
9 E 2 1 5,6 

10 E 2 3 7,8 
11 E 0 2 9 
12 R 0 1 11 
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Table A : Data of P(9) Problem



Table C:  Data of P(16) Problem 

Task No. Side 
Processing Time 

Model A 
Processing Time   

Model A 
Immediate 

Predecessors 
1 E 6 0 - 
2 E 5 2 - 
3 L 2 0 1 
4 E 0 9 1,2 
5 R 8 0 2 
6 L 4 8 3 
7 E 7 7 4,5 
8 E 4 3 6,7 
9 R 0 5 7 

10 R 4 1 7 
11 E 6 3 8 
12 L 0 5 9 
13 E 6 9 9,10 
14 E 4 5 11 
15 E 3 8 11,12 
16 E 4 7 13 
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Application of Mineral Admixture in High 
Performance Concrete 

Shan Wu 

Mineral admixture is a key material component in 
high performance concrete. With the low water cement ratio, 
mineral admixture is of advantages: Increase later strength of 
concrete, reduce the hydration heat, enhance the 
compactness of concrete internal structure, improve the 
corrosion resistance and wear resistance, and decrease 
carbon dioxide emissions, so as to achieve rational utilization 
of resource and energy conservation and emission reduction 
under the new situation, and meet the economic and 
environmental requirement. In recent years, high performance 
concrete has been applied and popularized in practical 
engineering, which shows the superiority of using mineral 
admixtures to replace cement, and summarizes the practical 
engineering experience. 
Keywords: mineral admixture; high performance 
concrete; compressive strength; durability. 

I. Introduction 

t present, the total consumption of commercial 
concrete in our country has reached 2.5 billion m3 
per year, and the output of cement has reached 

2.6 billion tons, ranking first in the world for 20 
consecutive years. So, china is a country with great 
cement production and concrete consumption. A large 
amount of CO2 greenhouse gases (about 1.8 billion 
tons) are emitted in the cement production process, and 
industrial residues and wastes from iron and steel, 
electric power and geological and mineral industries      
in China amount to 1.05 billion tons annually,            
while      the average utilization rate in concrete is less 
than 10%. Concrete industry has entered a new stage   
to reduce the consumption of energy and natural 
resources, improve the service life of concrete structures             
and reduce maintenance and repair costs.                  
The energy conservation and emission reduction of 
concrete   should first be reflected in the reduction of 
cement consumption, which needs to use all kinds        
of waste residue discharged every year to replace the 
cement with high energy consumption and high 
discharge in the production process. Rational 
application of mineral admixtures not only has achieved 
direct results in energy conservation and emission 
reduction, but has played an important role in   
promoting the development of high strength and            
performance  concrete. Mineral  admixtures can improve        
 

Author: Southeast University, Nanjing 211189. 
 e-mail:  huxian1206@126.com  
 

the micro-porous structure of concrete and the interface 
conditions between binder conditions between binder 
and aggregate. Thus, under the same water-binder 
ratio, the fluidity and late strength of concrete can be 
improved, the hydration temperature can be reduced, 
the shrinkage can be increased, and the volume stability 
of concrete can be enhanced. The concrete strength, 
impermeability, corrosion resistance and other durability 
indicators have been significantly improved, which plays 
a fundamental role in changing the conventional 
concrete performance. [1] 

a) High performance concrete and high strength and 
performance concrete 

High performance is a new requirement for 
concrete at an international conference in 1990. High 
performance concrete is also a basic direction of 
concrete technology development in the future. There 
are different definitions of high performance concrete at 
home and abroad, but they can be summarized as the 
following five aspects: (1) High durability. It is of long 
service life and small maintenance cost under normal 
service condition. Under special service conditions, it 
can meet the special requirements of anti-erosion,     
anti-freeze and thaw resistance in harsh environment. 
(2) High construction performance. It can smoothly 
complete the transportation and pouring of concrete 
under specific construction conditions, so that the 
concrete structure with superior compactness and 
uniformity can be obtained; (3) Higher strength. It is able 
to satisfy the strength requirement of design bearing 
capacity, and has enough capacity to increase strength 
in the later period to ensure that the strength of 
structural concrete does not shrink under normal 
conditions; (4) High volume stability. Concrete is not 
stratified and segregated before condensation, and its 
volume changes little after hardening, with good crack 
resistance; [2] (5) It can meet the requirements of 
environmental protection and sustainable development. 

Of the above requirements, many are related to 
the compactness of concrete. Therefore, many materials 
take the relative index of measuring concrete 
compactness - chloride ion penetration resistance as an 
index to classify and test high performance concrete. 
High strength and performance concrete refers to high 
performance concrete whose strength grade is greater 
than or equal to C60. 

 

A 
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b) Main technical approach of preparing high 
performance concrete 

1) Using high-quality mineral admixtures with large 
amount is the technical core of preparing high 
performance concrete. Because high performance 
concrete requires high compactness, and it is 
difficult to meet such requirements with a single 
cement as binding material. High-quality mineral 
admixtures must be used to repair and fill various 
micro-cracks in concrete by secondary hydration in 
the later stage. Practice in many units in our country 
shows that to prepare qualified high performance 
concrete, the mineral admixture content should 
reach at least 30%, and it is better to use it in 
combination. A large amount of concrete mixed with 
mineral admixtures also meets the requirements of 
environmental protection and sustainable 
development, as well as the basic condition for the 
preparation of green concrete. If the durability 
requirement of concrete is very high, a small 
amount of silica fume (3-5%) can also be added into 
concrete. For the silica fume’s particles are very 
fine, it can infiltrate into the capillary pore of cement 
paste, and then carry out secondary hydration. In 
addition, its densification effect is very significant. 

2) Low water-binder ratio is adopted. The high 
durability formed by high content of mineral 
admixtures can only be shown when concrete 
adopts low water-binder ratio, otherwise it may be 
counterproductive. For the limitation of low water-
binder ratio, the current standards are different and 
generally less than or equal to 0.35-0.45, which may 
be related to the different scope of application for 
the standards. High content of mineral admixtures 
and low water-binder ratio should be two matching 
technical approaches. 

3) To achieve high content of mineral admixtures and 
low water-binder ratio, water reducing agent with 
high quality and high efficiency is certainly required. 
Polycarboxylic water reducing agent developed and 
popularized in recent years is an ideal material, 
which not only has high water reducing rate and 
good plasticity retention, but the shrinkage of the 
concrete made by it is significantly lower than that of 
the concrete prepared with other types of water 
reducing agents, which can significantly improve the 
crack resistance of concrete. 

4) In addition to the above special requirements, the 
selection of raw materials, mix design and 
production control of concrete should be strictly 
carried out in accordance with the requirements of 
the standards. 
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c) Effect of mineral admixture in high performance 
concrete

i. Enhancement effect
When mineral admixtures are added, the 

composition of cement paste’s gelatinous substance 
can be improved; especially the free lime (Ca (OH)2) can 
be reduced and removed. For SiO2 in the active mineral 
admixture, Ca(OH)2 and tobermorite with high alkaline 
can react pozzolanic reaction, which can produce
tobermorite with low alkaline, higher strength and better 
stability.

ii. Filling effect
The average particle size of cement is 20-30 

microns, while the average particle size of fly ash is 3-6 
microns, and the silica fume is smaller than both of 
them, which is between 0.1-0.26 microns. It can fully fill 
the gap between the cement particles, so that the 
compressive strength and permeability performance are 
significantly improved. Close concrete prevents 
moisture from entering the interior of concrete. Freezing 
water in concrete is very scarce. Therefore, under the 
condition of freeze-thaw alternation, the frost resistance 
of concrete is greatly improved.

iii. Reduction of hydration temperature peak effect
After adding mineral admixtures, the amount of 

cement in concrete is reduced, so the calorific value of 
cement hydration in concrete is reduced. Although these 
active mineral admixtures will produce pozzolanic 
reaction and release hydration heat in concrete, this 
reaction lags behind the hydration reaction of the main 
body of cement and lasts a long time. This can restrain 
the early strength of concrete, but the later strength will 
not decrease.

iv. Improvement effect of concrete durability
1. Improve impermeability: The structure of 

cement paste and the interface between cement paste 
and aggregate are more compact, blocking the possible 
permeability pathway. 2. Reduce the harmfulness of 
alkali aggregate reaction: Due to the incorporation of 
mineral admixture, a large amount of calcium silicate gel 
with low alkalinity is formed in concrete hydrates. They 
can absorb and maintain large amounts of Na+ and K+ 
ions, thus greatly reducing the effective alkali content in 
solution of concrete pore. Therefore, the harmfulness of 
alkali aggregate reaction is greatly reduced. 3. Improve
frost resistance: When water can’t enter the concrete, 
the frozen water in concrete is very scarce. Therefore, 
under the condition of freeze-thaw alternation, the frost 
resistance of concrete is greatly improved.

v. Relation of high fly ash content and reduction of 
alkalinity

The possible negative effect of adding active 
mineral admixtures makes the alkalinity of concrete, the 
carbonization resistance of concrete, and the ability of 
protecting steel bar decrease. But the decline rate of 
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concrete alkalinity is not very fast. The research of Pu 
Xincheng and his students on the alkalinity of cement 
with large amount of fly ash shows that the PH values of 
fly ash are 12.56, 12.50, 12.46, 12.24, 12.15 and 12.06 
respectively when the content of fly ash is 0%, 30%, 
40%, 50%, 60% and 70%, which indicates that even if 
the content of fly ash reaches 70%, the PH value of 
cement mortar is still above 12, which is still higher than 
the lowest alkalinity value for reinforcement structure:
11.50. [3] When slag and other admixtures with high 
CaO content are added, their alkalinity is more 
guaranteed. The addition of active mineral admixtures 
improves the compactness of high performance 
concrete. Moisture, even O2 and CO2, are difficult to 
enter concrete, which also increases the ability of 
concrete to protect steel bar from erosion.

d) Green high performance concrete

1. More clinker cement is saved and environmental 
pollution is reduced. Because a large number of 
industrial residues are used for high performance 
concrete as active mineral admixture to replace a 

large number of cement, and these fine water-
quenched slag and high-quality fly ash, silica fume 
or their composite materials become the main 
components of binding materials. Compared with 
the production of clinker cement, the emission of 
CO2 is greatly reduced, and resources and energy 
are also saved.

2. Adding more active mineral admixtures           
(mainly industrial waste) is of advantages of
improving the environment, saving land and 
limestone resources and energy, reducing the 
hydration temperature rise of concrete, and 
enhancing the volume stability and wear resistance.

3. Give full play to the advantages of high performance 
and reduce the amount of cement and concrete. By
reducing the environmental burden fundamentally, 
concrete can become a sustainable building 
material as the largest artificial material in the 
contemporary era. It is the direction of concrete 
development and the future perspective of concrete.

Table 1: High strength and performance concretef increases with age

No. Project Name and Age Limit
The Strength of Concrete Increases with Age

mf 28     
（MPa）

mf 360   
（MPa）

mf 5 years 
(MPa)

mf 10 years 
(MPa)

mf 14 years 
(MPa)

1
(Shenyang) Daxi Electric 

Industry Park In 1998
100.97 108.64 115.09 123.3 135.6

2
Shenyang Royal Wan Xin 

Hotel In 2001
116.39 126.5 139.2 157.3

3
Shanghai Tower

In 2012
118.7 131.9

4
Shenzhen Ping’an Building

In 2016
117.0

Table 2: Concrete strength in each stage

No. Date
Concrete strength (mpa) in each stage

28 Days 60 Days 360 Days 5 Years 10 Years 14 Years

1 2001.5.21 96.8 110.2 115.8 119.7 129.8

2 5.22 113.5 119.1 120.0 129.9 129.1 139.3

3 5.26 100.7 110.9 112.1 122.9 129.9

4 6.7 101.0 109.9 113.0 124.6 135.0

5 6.17 104.2 107.9 109.0 120.6 138.8

6 6.27 100.2 100.8 110.5 120.9 141.1

7 7.6 90.4 100.8 115.3 125.3 135.6

Mean values 101.0 119.1 108.6 115.1 123.3 135.6

Percentage increase 
in strength

117.92 107.52 113.96 122.08 134.26

Note: The 5-year strength specimens obtained from 3-5 groups of mean values.



Table 3: The long-term strength of C80 concrete in Daxi Electric Industry Park 

Huaneng-Xiaoyettian P II 
52.5 AdmixtureZ-3 AdditiveJL118 Medium Sand of 

Hun River 
Gravel of Liaoshang            

5-25 mm 
Water cement ratio0.28   

500 kg/m3 70 kg/m3 4 %  22.8 813 954 

II.
 

Conclusion
 

At present, our scientific work should be 
transformed from maximizing wealth from nature to 
properly using

 
resources, protecting

 
environment and 

maintaining
 
ecological balance. The development and 

application of high performance concrete will be the 
goal of several generations of workers

 
for concrete. 

Now,
 
the situation is very favorable, that is, it

 
draws

 

great attention from
 
Standard Quota Department of the 

Ministry of Housing and Urban-Rural Construction and 
the Raw Materials Industry Department of the Ministry of 
Industry and Information Technology. The Building 
Material Research Institute

 
of China Academy of 

Building Research has compiled Technical Guide for the 
Application of High Performance Concrete, and 
approved and issued

 
Technical Specification for the 

Application of Mineral Admixture
 
GB/T51003-2014, which 

has been “applied
 
for approval for nearly eight years”. 

Although the condition mentioned above is very good 
for popularization and application

 
of high performance 

concrete, the measurers can’t be taken hastily. At 
present, the quality of raw materials in various places is 
very poor, and it is difficult to reduce the water 
consumption of certain

 
type of concrete. So, it is 

necessary to carry out popularization and application
 
of

 

high
 
performance concrete

 
steadfastly.
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Abstract-

 

Background:

 

Noise-induced hearing loss (NIHL) 
impacts on about 20% of inability to hear around the world, 
becoming an increasingly common occupational disease.

 

Objectives:

 

Identify and analyze the latent variables that 
impact on NIHL in the workplace, finding approaches that 
relate the understanding of the phenomenon in the 
occupational context.

 

Methods:

 

Application of questionnaires to 278 workers 
potentially exposed to occupational noise in an industry in 
Brazil. After, we used multivariate analysis by Pearson 
correlation and multiple linear regressions applied on 
subconstructs identified.

 

Results: The dominance of cases suggestive of NIHL and 
significant associations (p<0.05) were identified and suggests 
risk perception and age variables as a potential factor.

 

Conclusions:

 

The results contribute to a better understanding 
of the possible risk factors related to the

 

development of NIHL 
in the industrial segment.

 

Keywords:

 

perception; noise; exposure; nihl; risk; 
hearing loss.

 

I.

 

Introduction

 

pproximately 30 million workers are exposed daily 
to high levels of sound pressure in the United 
States only, with the potential

 

for real damage to 
health.1

 

Loss hearing induced by high levels of sound 
pressure is the second cause of occupational disease.2

 

In 2006, only in Norway, of 3392 cases of 
occupational diseases reported to the government, 
about 59% were related to noise-induced hearing loss.3 

Checking occupational diseases most incident in 
Mongolia was observed the predominance of noise-
induced hearing loss, a phenomenon associated with 
the rapid industrialization that occurred in that country.4

 

The magnitude of hearing loss

 

would be a 
direct result of excessive exposure to noise, thus being 
dependent on several factors, among them those 
associated with exposure and related to the 
characteristics of the individual: sound pressure level 
(SPL), duration of exposure, type and frequency of the 

noise, susceptibility to damage by noise, age, history of 
hearing loss.5 

Models relating labor hearing loss to the 
behavioral of workers, named Health Promotion Model, 
analyze modifying factors (behavioral characteristics) 
and cognitive-perceptual factors (such as perceived 
benefits and self-efficacy).6 The authors indicate that this 
and other developed models, allow them to infer that 
workers must be aware of the risk of noise-induced 
hearing loss (NIHL), and that they can do something to 
prevent of this disease. 

In a survey that took as sample a group of 
researchers in this area of occupational health and 
safety, noted that the notion of risk perception is socially 
constructed variable, being influenced by the nature of 
labor relations; valuesin society and individual events.7 

Although there are some publications on 
occupational noise exposure, the analysis of the 
individual perception of the worker and its implications 
on his behavior remains a poorly discussed subject. 
Moreover, the approaches verified relating the 
understanding of the behavioral phenomenon to the 
exposure to occupational noise, need more analysis and 
the support of quantitative approaches of main humans 
factors relacteds to NIHL. This paper aims to use the 
technique of factor analysis as a tool for examining the 
variable noise-induced hearing loss, to propose actions 
that may contribute to the prevention and anticipation of 
mitigating the risk of the exposed worker. 

This research started the discussion of two 
specific contextual proposals: (1) identification of 
approaches to understanding the exposure to 
occupational noise; (2) application of statistical to 
analysis of risk factors such as: perception of effects, 
age, safety culture, risk index and sex. 

II. Methods 

Across-sectional study was carried out in an 
industry in Brazil looking for analyze the prevalence of 
cases suggestive of noise-induced hearing loss (NIHL) 
among 278 industrial workers potentially exposed to 
work noise (more than 80 dB (A)) between 11/2013 and 

A
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 a)

 

Theoretical

 

Research

 
For development of the theoretical research, 

there was conducted a literature search of indexed 
journals, seeking to identify main studies conducted in 
the identification of

 

variables related to the development 
of noise-induced hearing loss.

 The research showed that the variables related 
to the development of NIHL would be influenced by a lot 
of factors related to the individual, as well as by the 
social and cultural organizational system, as shown in 
Table 1.

 
 

 
Source: The author.  

Table 1:

 

Theoretical framework in research–NIHL  

 
According to Table 1, the following 

subconstructs that may influence strongly in the 
development of NIHL was found in the literature: risk 
behavior, safety culture, training, sex, age, risk index, 
risk perception, perception of effects, hearing loss, 
chemicals ototoxic drugs, use of PPE. 

For this research, a sustained quantitative 
methodology for factor analysis technique was 
developed, and a statistical model was adjusted to 
support the conceptual model.The proposed conceptual 
model, as shown in Figure1, is structured on the 
adaptation of similar models of other authors who also 
researched on this topic. 10,39,40  
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8 X X X X X X X X X
9 X X X X X
10 X X X X X X X X X X
11 X X X X X X X
12 X X
13 X X X X X X X
14 X X X X X X X X X
15 X X X X X X X X X X X X X X
16 X X X X X X X X X X X
17 X X X X X X X X X X X X X X X
18 X X X X X X
19 X X X X X X X X X X X X X
20 X X X X X X
21 X X X X X
22 X X X X X
23 X X X X X X X
24 X X X X X X X X
25 X X X X X X X X X
26 X X X X X X X X X X X
27 X X X X X X
28 X X X X X X X X
29 X X X X X X X X X X
30 X X X X X X X X
31 X X X X X X X
32 X X X X X X X
33 X X X X X X X
34 X X X X X X X X X
35 X X X X
36 X X
37 X X X X X X
38 X X X X X X X X X X X X

Total 8 28 1 1 3 3 2 25 26 24 23 7 1 7 5 10 1 9 6 21 2 1 12 2 11 2 4

Variables related to hearing loss due to noise exposure - NIHL
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Figure 1: Conceptual model proposed 

b) Applied Research 
In a second stage, for the research 

development, data collection was performed using 
questionnaires, in a sample of 278 workers exposed to 
noise beyond the action level - defined in Brazilian law 
as 80 dB (A). 

The self-administered questionnaires comprise 
the most frequently indicated version.41During filling, 
someone was available to assist in understanding the 
instrument, ensuring that no questions were left blank.  

In research on the influence of the perception of 
employees on the effects of occupational health hazards 
was also used as an instrument of data collection a 
questionnaire then generating similar analysis, with the 
objective of further reducing the dimensionality of the 
data. The analysis was useful for the planning of health 
promotion campaigns and prioritization of other 
interventions.42 

The initial questionnaire aimed to characterize 
the individual risk perception, consisting of questions 
divided into the following sections: worker´s 
identification (name, workplace, age, sex, marital status 
and education), individual risk perception and 
perception of noise effects, expectation and 
appreciation of the results of use of PPE, barriers, safety 
culture and risk behavior. 

The second questionnaire intended to 
characterize the noise exposure and the use of PPE, 
having questions grouped into the following sections: 
risk exposure, exposure to ototoxic chemicals, family 

history of hearing loss, training in occupational health 
and safety/hearing loss/use of PPE, comfort, and use of 
PPE and audiometry.  

The evaluation instrument used the Likert five-
level scale, from "strongly agree" to "strongly 
disagree." After filling in all the 278 questionnaires, 
responses were converted into numbers, according to 
the scale, and tabulated in a spreadsheet. The answers 
were coded on scales from 1 (strongly disagree) to 5 
(strongly agree).  In some cases, the use of inverted 
scale was necessary, for example, for questions about 
barriers, physical load, and risk behavior. 

In a second stage, through the environmental 
noise assessment of each work micro-area of all 
evaluated employees, was possible the characterization 
of daily personal exposure level. The evaluated 
employees were still undergoing tonal audiometric 
examination by ISO 8253.1 standard.  

In a third stage, the model was tested and 
validated through multivariate statistical analysis which 
took into account, in addition to the construct (the 
development of NIHL), dependent subconstructs: risk 
perception; perception of effects; risk behavior and use 
of PPE. 

Because of this study include more than two 
dependents subconstructs, will be used the technique 
of multiple regression analysis (MRA), which, using 
dependent subconstructs whose values are known, 
allows predicting a single subconstruct independently 

Source: The author.
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selected.43Equation 1 presents the MRA adopted in this 
article, which aimed to:

 

1)
 

maximize the overall power prediction of a group of 
independent subconstructs as representatives of a 
composition; 

 

2)
 

to compare two or more groups of independent 
subconstructs regarding the predictive power of 
each factor.

 

 

Y1

 
=β0

 
+ β1X1

 
+ β2X2+ …+βmXm  +∈                     Equation 1

 
 

where
 

Y1: Dependent subconstruct or criterion;
 

Xi: Independent subconstructs or predictor;
 

βi: Regression coefficients;
 

∈: Associated error;
 

The path analysis is an essential resource of 
multivariate statistics, allowing correlations between 
characters are split into direct and indirect effects, 
measuring the influence of a variable, independent of 
the other, on the other.

 

Path analysis was used to proof the conceptual 
model. Following the results of this analysis, the 
corresponding path diagram was established, as the 
summary presented in Figure 3. Statistical analysis was 
performed using IBM SPSS.

 

III.

 

Results

 

Using the alpha (α) of Cronbach, it was possible 
to test the internal reliability, allowing a decrease up to 
37,5% of the items. Thus, from the starting 74 questions, 
the technique applied in this questionnaire allowed to 
shorten it down to only 61 questions.

 

223 of the 278 employees evaluated in the 
sample were male and 55 were female, 147 had 
completed high school, 73 had incomplete graduation, 
and 44 had completed graduation.

 

Table 2 shows the 
sample distribution between factories.

 
 
 
 
 
 
 
 
 Table2:

 

Sample distribution between factories

 
 Factory

 

Total 
number 

of 
workers

 

Number of 
workers in 
the sample 

(N)

 

Number of 
workers in the 

sample (%)

 

Age (years)

  

Period of service 
(years)

 
Average

 

Standard 
Deviation

  

Average

 

Standard 
Deviation

 

A

 

689

 

152

 

22%

 

36,2

 

10,1

 
 

15,7

 

8,6

 

B

 

516

 

63

 

12%

 

42,9

 

9,2

  

3,3

 

4,8

 

C

 

153

 

20

 

13%

 

48,2

 

11,1

 
 

8,2

 

11,6

 

D

 

225

 

43

 

19%

 

42,6

 

8,9

  

7,9

 

9,5

 

Total

 

1583

 

278

 

18%

 

39,6

 

9,2

 
 

11,1

 

1,5

 

  
 

The estimated average hearing losses versus 
age, in the sample, may be observed in Figure 2, where 
the increase of hearing loss due to  the aging of the 
population, by presbycusis, can be evidenced.  

 

 

Source: The author.
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source: The author.

 
 

Figure

 

2:

 

Average hearing loss in the sample (age [years] versus

 

loss [dB])

 

The questionnaire also asked about the period 
of use and comfort of hearing protection equipment, 
aiming to quantify the subconstruct Use of PPE, in this 
case particularly the hearing protector was considered -

 

due to the focus of the study on NIHL.

 

As provided in 
table 5, of 278 evaluated employees, the vast majority -

 

261 -

 

reported using such equipment, and on average 
used their hearing protectors around 90% of the 
journey.

 

The standard deviation was close to 18 points, 
featuring a small oscillation of the answers.

 

From 261 people who reported using

 

hearing 
protection, there was a divergence of habits between 
the sexes of 4% of usage time and 6% in the 
proportion.

 

Chi-square test for equality has the value of 
0,0976.

 

Threshold for rejecting the hypothesis of equality 
at the 5% value is 3,84, one

 

cannot

 

drop the hypothesis 
of no difference between men and women in the PPE 
use.

 

 

a)     Statistical Analysis

 

 
 

 
 

 
 

 
 

15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.00
25.00

20 25 30 35 40 45 50 55 60 65

Average hearing loss
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Through the Pearson correlation coefficient 

matrix, shown in Table 3, it was possible to analyze the 
correlation between the subconstructs inspect. 

The correlation shows the linear relationship 
between two variables, where values will always be 
between -1 and +1. The sign indicates the direction and 
the size of the variable specify the strength of the 
correlation. An amount above 0,7 module is a strong 
correlation. Thus, variables with a rejected hypothesis of 
null relation at 5% level were considered significantly 
correlated.



Source: The author.

 
 

Table 3:

 

Matrix of Pearson correlation coefficients between subconstructs

 

Thus, considering the above, the research 
screen in this study uses the multivariate analysis of 
multiple regression analysis (MRA) data, using the data 
generated by the questionnaires.

 
Five equations of 

multiple linear regressions
 

were
 
adjusted, with the 

      

After, the technique of path analysis was used, 
as the summary presented in Figure 3. This diagram 
symbolizes paths for subconstructs evaluated.
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dependent subconstructs: Perception of Effects; Age;
Risk Index; Safety Culture; and Sex.



 

Source: The author.
 

 

Figure 3: Path analysis summary 

Table  4  presents  the results of all the calculated effects values (direct, indirect, and total) of the 
subconstructs studied in the proposed model. 

Table 4: Direct, indirect, and total effects summary on Hearing Loss construct

Variable
 Indirect 

Effect
 Direct 

Effect
 Total 

Effect
 

Risk Behavior
 

0,013
 

-
 

0,013
 

Safety Culture
 

-
 

0,099
 

0,099
 

Training
 

-
 

-
 

-
 

Sex
 

-0,008
 

-0,094
 

-0,102
 

Age
 

0,063
 

0.258
 

0,321
 

Risk Index
 

0,061
 

0,063
 

0,124
 

Risk Perception
 

-0,030
 

-
 

-0,030
 

Perception of Effects
 

0,036
 

0,092
 

0,128
 

Hearing Loss
 

-
 

-
 

-
 

Chemicals Ototoxic Drugs
 

0,014
 

-
 

0,014
 

Use of PPE
 

-0,018
 

-
 

-0,018
 

Source: The author.
 

IV. Discussion 

Table 4 shows the following results: 

a) Risk Behavior 
The study of the factor related to Risk 

Behavior of the sample has small effect on the 
development of hearing loss (0,013), where this 
parameter totally contemplates the indirect 

consequence arising from the interaction with the 
subconstruct

 

Perception of Effects. This parameter may 
be positive, i.e., the higher the irresponsible

 

behavior 
that puts the employee at risk of acquiring irreversible 
lesion in his auditory system,

 

more

 

significant these 
attenuations are.
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b) Safety Culture 

The Safety Culture, which contains only the 
direct component (0,099), presents a significant 
contribution to the construct parameter. As a positive 
value, it oddly reflects that the higher the presence of 
safe work procedures, the higher the level of hearing 
loss encountered. Perhaps this positive effect is justified 
by the conjuncture of the companies evaluated, which 
hada history of compromising workers’ hearing and 
therefore implemented hearing conservation policies, 
such as HCP (Hearing Conservation Program). 

c) Formation 

The study of formation did not contribute to the 
model since it presented no direct or indirect 
components in this evaluation. 

As for the characterization of this factor, we 
used questions to prior knowledge of the interviewee in 
areas such as safety and hygiene, as well as any 
previous training in the prevention of noise-induced 
hearing loss and about the correct use of earplugs and 
muffs. 

d) Sex 

The factor that symbolizes the worker´s Sex has 
presented a significant value (-0,102), with a negative 
sign and contributed predominantly by the direct effect 
(-0,094) and the remainder coming from the indirect 
reaction through subconstruct Risk Index (-0,008). Its 
negative sign indicates that hearing loss tends to be 
lower in females and higher in the male sex, a fact which 
goes against table 7 (PPE use by sex). 

Regarding the sex distribution in the study 
sample, the vast majority of workers were male, a 
common factor in the industrial sector, and that may 
contribute to explain the results. I am giving a strong 
tendency for a higher incidence of hearing loss among 
females, when compared to the same sample of males. 

e) Age 

The Age factor presents the highest of values 
(0,321), originated mostly by the direct effect (0,258) by 
the reaction of subconstructs Safety Culture, Risk Index, 

and Perception of Effects. It is of positive module, means 
that the higher the age of the employee, the greater is 
his degree of hearing loss. In this subconstruct study, 
the SPSS software used for the multiple linear 
regression automatically excluded the 
subconstruct Safety Culture, which seemed initially to 
collaborate indirectly to the composition of the factor. 

f) Risk Index 

The Risk Index also contributes to the study of 
the components associated with occupational hearing 
loss, presenting a significant factor (0,136), with the 
direct and indirect effects (influenced by 
factors Age and Sex) having same values: 0,063. This 
parameter is related to the sound pressure level at work 
(dB), with the noise exposure time (years). The higher 

this indicator, the greater the average hearing loss of the 
worker. 

g) Risk Perception 
  

   

 

 
  

 

h) Perception of Effects 

Regarding the Perception of Effects factor, there 
is a significant level (0,128) of participation, with a 
serious part being of direct effect (0,092) and the 
remainder (0,036) coming from the indirect interaction 
with the Age factor. As a positive number, it indicates 
that the higher the degree of perception of negative 
health effects for occupational noise, the higher is the 
degree of hearing attenuation. 

i) Chemicals Ototoxic Drugs  

The impact study of Chemicals Ototoxic 
Drugs factor provides one of the lowest factors (0,014) 
of this model. Derived exclusively from indirect effects, it 
operates through the variables Age and Risk Index. As a 
positive value, it symbolizes the larger presence of these 
agents that are proven harmful to human hearing, the 
higher the occurrence of hearing loss of employees. 

j) Use of PPE 

Finally, the impact study of the Use of PPE 

provides a discrete factor (-0,018) in this model. Coming 
exclusively from indirect effects, it operates through the 
variables Perception of Effects and Safety 
Culture. Negative value symbolizes the higher use of 
hearing protection devices – provided by the company 
to workers, the lower will be the occurrence of hearing 
loss in employees. 

V. Conclusions 

Multivariate analysis was adequate and 
essential in the study of risk factors associated with 
occupational noise-induced hearing loss in the industry. 

There is a need for research on risk perception and 
mitigation strategies in the context of noise-induced 
hearing loss. Such is found tied to the increased 
probability of occurrence associated with the risk factors 
identified in the study. The development of risk 
management strategies to reduce NIHL requires both 
knowledge of the physical environment, and the social, 
psychological and economic processes that can affect 
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The Risk Perception presents only one discrete 
factor (-0,030) of indirect effect arising from variables 
Age and Gender. As a negative number, it indicates the 
serious sensitivity of the employee against the risk of 
hearing loss, the lower will be the harm to the 
employee´s auditory system. The results collaborate to 
the trend that, the higher the perceived risk is 
(specifically through dimensions: Identification of risk 
sources, Knowledge about the noise, Perception of the 
efficiency of PPE and Means of protection), the smaller 
will be the chances of damaging the employee´s 
hearing.



people's responses to environmental conditions of 
danger. 

Noise-induced hearing loss (NIHL) is a 
cumulative, insidious disease that grows over the years 
of exposure to noise associated with the workplace - 

causing damage to organ of Corti, usually bilateral, with 
progressive and irreversible loss and symptoms such as 
hearing loss, tinnitus, ear fullness, ear pain, dizziness, 
transient changes in blood pressure, stress, vision and 
mood disturbances, directly related to the exposure 
time, with sound pressure levels (SPL) and individual 
susceptibility. 

NIHL is caused by any exposure to a daily 
average of 85dB, for several years. Noise is responsible 
for about 20% of global hearing loss, including being the 
second leading cause of the occupational disease that 
affects more American workers. 

In an attempt to investigate the variables that 
impact on noise induced hearing loss, an analysis was 
developed taking into account the independent variable 
hearing loss, related to the variables dependent on 
metrics: Perceived Effects, Age, Risk Index, Culture of 
Safety and Sex. 

In order to predict any changes in the 
dependent variables - due to changes in the 
independent variable. The statistical analysis was 
applied to identify the latent dimensions of significant 
effect on the variable in the analysis of known risk 
factors, such as: Risk Behavior, Culture Security, 
Education, Sex, Age, Risk Index, Risk Perception, 
Perceived Effects, Chemical Substances, Ototoxic Drugs 
and Use of PPE. 

To test these associations were used Pearson 
correlation coefficient and multiple linear regression on 
the subconstructs identified. Through path analysis, was 
performed a factor analysis of direct and indirect factors 
related to NIHL effects. 

In this context, the present study examined the 
possible approaches that relate to understanding the 
exposure to noise risk in the workplace. 

The study enabled us to verify that Hearing 
Conservation Programs (PCA), and other campaigns, to 
be developed by companies, particularly in the industrial 
field, are based on modifiable factors identified. Thus, 
promoting actions that encourage the expansion of 
perception of the effects of hearing loss induced by 
occupational noise, will contribute to the prevention of 
the risk to workers' health. 

The path analysis showed how the exceptional 
impact variable on hearing loss, both direct and indirect 
effects aspect, the Age variable - demonstrating the 
effect of natural hearing loss related to aging- 

presbycusis. At the other extreme, the dependent minor 
indirect effect were variable Chemicals Ototoxic drugs. 

According to the results obtained in the present 
study, the individual perception of the risk of job 

exposure to noise is an important issue with regard to 
safe behavior, in particular, to avoid the involvement of 
occupational hearing loss by noise in the industry. 
Workers seem to avoid exposure to noise based on their 
perceptions of the risk. Unfortunately, it appears that

 

they are bad appraisers this

 

risk.

 

Finally, other investigations may complement 
the study performed here. As this research was limited 
to the study of continuous or intermittent noise found in 
industrial environments surveyed, further research can 
evaluate the work environment whose employees are 
subject to impact noise.
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1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code 
of conduct, along with author responsibilities. 

2. Authors must accept the privacy policy, terms, and conditions of Global Journals. 
3. Ensure corresponding author’s email address and postal address are accurate and reachable. 
4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email 

address, name, phone number, and institution), figures and illustrations in vector format including appropriate 
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references. 

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper. 
6. Proper permissions must be acquired for the use of any copyrighted material. 
7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the 

submission. 

Declaration of Conflicts of Interest 

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and 
organizations that could influence (bias) their research. 

Policy on Plagiarism 

Plagiarism is not acceptable in Global Journals submissions at all. 

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about 
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines: 

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize 
existing research data. The following, if copied, will be considered plagiarism: 

• Words (language) 
• Ideas 
• Findings 
• Writings 
• Diagrams 
• Graphs 
• Illustrations 
• Lectures 
 
 
 
 

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip
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• Printed material 
• Graphic representations 
• Computer programs 
• Electronic material 
• Any other original work 

Authorship Policies 

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to 
its guidelines, authorship criteria must be based on: 

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

Changes in Authorship 

The corresponding author should mention the name and complete details of all co-authors during submission and in 
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication 
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for 
changes in authorship. 

Copyright 

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which 
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible 
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after 
acceptance to choose your copyright policy. You may follow this form for copyright transfers. 

Appealing Decisions 

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be 
appealed before making the major change in the manuscript. 

Acknowledgments 

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding 
for the research can be included. Suppliers of resources may be mentioned along with their addresses. 

Declaration of funding sources 

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research 
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making 
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its 
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global 
Journals and submitting to the respective funding source. 

Preparing your Manuscript 

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including 
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and 
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is 
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their 
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese, 
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and 
abstract should be in English. This will facilitate indexing and the pre-peer review process. 

The following is the official style and template developed for publication of a research paper. Authors are not required to 
follow this style during the submission of the paper. It is just for reference purposes. 

 

 

 

© Copyright by Global Journals | Guidelines Handbook

IX

https://globaljournals.org/copyright-transfer/copyright-transfer�


Manuscript Style Instruction (Optional) 

• Microsoft Word Document Setting Instructions. 
• Font type of all text should be Swis721 Lt BT. 
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75. 
• Paper title should be in one column of font size 24. 
• Author name in font size of 11 in one column. 
• Abstract: font size 9 with the word “Abstract” in bold italics. 
• Main text: font size 10 with two justified columns. 
• Two columns with equal column width of 3.38 and spacing of 0.2. 
• First character must be three lines drop-capped. 
• The paragraph before spacing of 1 pt and after of 0 pt. 
• Line spacing of 1 pt. 
• Large images must be in one column. 
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10. 
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10. 

Structure and Format of Manuscript 

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references) 

A research paper must include: 

a) A title which should be relevant to the theme of the paper. 
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus. 
d) An introduction, giving fundamental background objectives. 
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. 
f) Results which should be presented concisely by well-designed tables and figures. 
g) Suitable statistical data should also be given. 
h) All data must have been gathered with attention to numerical detail in the planning stage. 

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed. 

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized. 

j) There should be brief acknowledgments. 
k) There ought to be references in the conventional format. Global Journals recommends APA format. 

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction. 

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity. 
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Format Structure 

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

All manuscripts submitted to Global Journals should include: 

Title 

The title page must carry an informative 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) where the work was carried out. 

Author details 

The full postal address of any related author(s) must be specified. 

Abstract 

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon. 

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper. 

Keywords 

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing. 

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

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible. 

One should start brainstorming lists of potential keywords before even beginning 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 a 
research paper?” Then consider synonyms for the important words. 

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

Numerical Methods 

Numerical methods used should be transparent and, where appropriate, supported by references. 

Abbreviations 

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them. 

Formulas and equations 

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image. 
 
Tables, Figures, and Figure Legends 

Tables: Tables should be 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. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately. 
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Figures 

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it. 

Preparation of Eletronic Figures for Publication 

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). 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. 

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper. 

Tips for writing A Good Quality Engineering Research Paper 

Techniques for writing a good quality engineering research paper: 

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect. 

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. 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. 

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

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet. 

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here. 
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier. 

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it. 

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data. 

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable. 

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete. 

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying. 

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target. 

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice. 

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary. 

14. 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 for your topic. You may also maintain 
your arguments with records. 

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work. 

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food. 

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

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research. 

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained. 
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review. 
22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples. 
23. Upon 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 for 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 of your research. 

Informal Guidelines of Research Paper Writing 

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 criteria peer reviewers will use for grading the final paper. 

Final points: 

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page: 

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study. 

The discussion section: 

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings. 

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 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. 
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.



 

  
  
  
  
  

•

 

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

 

•

 

Align the primary line of each section.

 

•

 

Present your points in sound order.

 

•

 

Use present tense to report well-accepted matters.

 

•

 

Use past tense to describe specific results.

 

•

 

Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.

 

•

 

Avoid use of extra pictures—include only those figures essential to presenting results.

 

Title page:

 

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

 

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite 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 approaches 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. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

 

Reason for writing the article—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 for this; results of 
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

 

Approach:

 

o

 

Single section and succinct.

 

o

 

An outline of the job done is always written in past tense.

 

o

 

Concentrate on shortening results—limit background information to a verdict or two.

 

o

 

Exact spelling, clarity 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 of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention

 

to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.

 

 

 

 

The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.
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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 for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory 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 soundly written procedures segment allows a 
capable scientist to replicate 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 to give the least amount of information that would permit 
another capable scientist to replicate 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 section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show 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:

 

Materials may be reported in part of a section or else they may be recognized along with your measures.

 

Methods:

 

o

 

Report the method and not the particulars of each process that engaged the same methodology.

 

o

 

Describe the method entirely.

 

o

 

To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

 

o

 

Simplify—detail how procedures were completed, not how they were performed on a particular day.

 

o

 

If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

 

Approach:

 

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

 

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

 

What to keep away from:

 

o

 

Resources and methods are not a set of information.

 

o

 

Skip all descriptive information and surroundings—save it for the argument.

 

o

 

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 as 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. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.
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Content:

 

o

 

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

 

o

 

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

 

o

 

Present a background, such as by describing the question that was addressed by creation of an exacting study.

 

o

 

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 
appropriate.

 

o

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 
manuscript.

 

What to stay away from:

 

o

 

Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

 

o

 

Do not include raw data or intermediate calculations in a research manuscript.

 

o

 

Do not present similar data more than once.

 

o

 

A manuscript should complement any figures or tables, not duplicate information.

 

o

 

Never confuse figures with tables—there is a difference. 

 

Approach:

 

As always, use past tense when you submit 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 section.

 

Figures and tables:

 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

 

Discussion:

 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an 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 implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully 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 the prospect, and let it drop at that. Make a decision as to whether each premise is supported or 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.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of 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?
o Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

 

Describe generally acknowledged facts and

 

main beliefs in present tense.

 

The Administration Rules

 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection.

 

Segment draft and final research paper:

 

You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

 

Written material:

 

You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS 

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.

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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