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Abstract— In this paper, development of 

randomization mechanism for online and offline 
collaborative marking system is presented. 
Collaborative marking mechanism enables a 
course lecturer with large class population to use 
the students to mark the quiz and continuous 
assessment scripts. The program is coded in C 
programing language. The program design is 
based on random number generator and swap 
functions which are applied to the randomization 
array used to hold the numbers for identifying 
each of the students and for shuffling the 
numbers to ensure that no student is assigned his 
script to mark. More so, in the offline scenario, the 
student’s script is not allowed also to be assigned 
to the immediate neighbors sitting on the left or 
right of the student in the same row. The same 
shuffling output when applied to the in-between 
row allocation ensures that no student script is 
assigned to the same row of the student and in 
the offline case, no script is assigned to the rows 
immediately in front or back of the student. The 
program validates the shuffling output by using a 
validation output array in which a ‘0’ in the output 
means a student is assigned his or her script and 
a ‘1’ or ‘-1’ means a student’s script is assigned to 
the immediate neighbors of the students. The 
online case is meant to avoid the presences of ‘0’ 
in the validation array output and the offline case 
is mean to avoid the presence of ‘0’, ‘1’ and ‘-1’ in 
the validation output. The sample numerical 
examples done with a class of 200 students 
showed that the program satisfied the conditions 
in the online and the offline scenarios. 
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1. Introduction 

Quality education has been identified as one of the key 
strategies that will enable the developing countries to strive 
and catch up with the developed nations [1,2,3,4,5, 
6,7,8,9,10, 11,12,13,14, 15,16, 17,18,19,20,21]. Intentional 
and focus-driven education with emphases on science and 

technologies has been advocated in many quarters 
[22,23,24,25,26,27,28,29,30,31,32,33,34,35]. However, the 
lack of requisite infrastructure and qualified manpower in 
the educational institutions pose additional problem 
[36,37,38,39,40,41,42,43,44,45,46,47]. 
One of the recurring problems in the tertiary institutions is 
the high students-to-staff ratio which means that one staff is 
meant to attend to large number of students at a time 
[48,49,50,51,52,53,54, 55,56,57,58,59]. The implication is 
that effective attention and commitment to the individual 
student is lacking. Moreover, effective continuous 
assessment of the students is difficult to implement as each 
quiz or examination will take substantial amount of the 
lecturer’s time to mark for such large classes. In such cases, 
the requisite feedback such continuous assessment affords 
the lecturer for effective delivery of the course materials is 
unfortunately missing.  As such, in this paper, collaborative 
marking mechanism that enables a course lecturer with 
large class population to use the students to mark the quiz 
and continuous assessment scripts a presented. The 
mechanism is designed for two different scenarios, namely, 
online case where the students submit their script through 
an online platform and they are assigned the scripts through 
the online platform. In this case, physical presence and 
contact is not expected. In the offline collaborative case, the 
students are physically present in the class and seated in 
rows and columns.  That means, physical answer booklets 
are assigned to the students who are physically present in 
the class. 
The mechanism operates by shuffling the answer scripts 
and assigning them to the students such that no student is 
assigned his or her script to mark. This condition satisfies 
the online collaborative mechanism. In the offline case, 
additional requirements is that the immediate neighbors of 
student are not assigned the student’s script to mark. In this 
case, the immediate neighbors of student are students sitting 
on the left and right hand sides of the student. The design 
for the two cases are related but with few differences. The 
offline case is a bit more complex than the online case.  
In all, the mechanism rely on two major programing 
functionalities, random number generator and number 
swapping functions. The two functions are applied on array 
cells that are used to hold the integer numbers that 
identifies each of the students in the class. The program is 
implemented in C language. It also provides a way of 
validating the effectiveness of the randomization output to 
know if the requisite conditions are satisfied for the offline 
or online scenario.  
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2. Methodology 

The design is presented the two different scenarios, the 
online and the offline mechanisms. The online case is 
presented first and the modification of the design to suit the 
offline case is then presented. 
2.1 Design of the randomization mechanism for online 
collaborative marking system  
The entire mechanism relies on two major programing 
functionalities, namely, random number generation and 
swapping of memory locations specified in array.  In this 
paper, the entire program is decomposed into modules. The 
program is implemented in C programing languages where 
function is the major building block. As such, in the design 
approach adopted in the study, the function is used to 
denote a program segment that function as a unit and 
delivers a specific function, such as random number 
generation, swapping of two array cell contents, printing 
the content of array. On the other hand, a module in this 
study is used to describe a program segment that consist of 
sequence of statements and function calls that is used to 
achieve a group of related functionalities of the program. 
For instance, in the mechanism presented in this paper, a 
module for initialization of the randomization array requires 
iterative process of repeated initialization of the array 
content such that array content undergoes repeated process 
of assigning integer values to the array cells, calling on 
random number generation function to generate random 
number for each array cell, calling on the swap function for 
swapping the array cell content, calling on the array 
printing function to display the current array content, 
repeating the process until all the array cell contents are 
randomized by changing their contents based on the 
generated random number. Next, the module repeats the 
array randomization by using the last randomized array 
content as the initial array values for the randomization 
process.  
Specifically, the major modules used in the randomization 
mechanism for online collaborative marking system 
includes: 

Module 1: Initialize variables and select number of 
students for the randomization process 

Module 2: Initialization of randomization array   

Module 3: Repeated randomization and display of 
randomization output until no more 
randomization is needed 

Module 4: Validate the contents of the 
randomization output array by calling 
on the validation function 

The functions used in used in the randomization mechanism 
for online collaborative marking system includes: 

Function 1: Function for printing the output from 
the randomization array 

Function 2: Function for swapping the content of 
two cell locations in the 
randomization array 

Function 3: Function for generating the random 
number for each of the cells in the 
randomization array 

Function 4: Function for printing the output from 
the randomization output array 

Function 5: Function for generating and printing the 
output from the randomization 
validation output array 

2.1.1 Module 1: Initialize variables and select number of 
students for the randomization process 

The various global variable and arrays used in the program 
are initialized. The number of students (denoted as Nmx) 
that are required for the randomization process is read into 
the system. The variable, Nmx can be used to represent the 
total number of students (denoted as TNmx) that submitted 
their scripts for collaborative marking. In this case, since 
TNmx = Nmx, the randomization array (denoted as 
ArrNm[Nmx]) is a one dimensional array that contains all 
the TNmx students in the class that submitted their scripts 
for marking. Also, the output array, (denoted as 
AopNm[Nmx][1]) is a two dimensional array that has a 
single row and contains all the students in the class that 
submitted their scripts for marking. 
Alternatively, the variable, Nmx can be used to represent 
the total number of students that are grouped as a row of 
students, as if the students are sitting in rows in a physical 
classroom. In this case, since TNmx > Nmx, and the 
randomization array (denoted as ArrNm[Nmx]) is a one 
dimensional array that contains all the TNmx students in 
the class that submitted their scripts for marking row. Also, 
the output array, (denoted as AopNm[Nmx][Kount] where 
Kount =1,2,3,…KountMx) is a two dimensional array that 
has KountMx rows and contains all the students in the class 
that submitted their scripts for marking, but segmented into 
KountMx rows, where; 

KountMx ቊ൒  ቔቀ
୘୒୫୶ 

ே௠௫
ቁ ൅ 1ቕ     for  TNmx ൐   Nmx    

ൌ 1     for  TNmx ൌ  Nmx                            
 (1) 

 So, once TNmx and Nmx are known, then KountMx is 
determined.  In the actual implementation, Nmx is read in 
and TNmx  is determined from the number of 
randomization iterations, KountMx  which the user can 
determine from the randomization round counter (Knount). 
In that case, The Kount starts from 1 and increases each 
time the randomization process is iterated. So, the user 
stops when it is certain that equation for KountMx  is 
satisfied. In this case, the user can determine the value of 
TNmx as follows; 

TNmx ൌ  KountMx ሺ𝑁𝑚𝑥ሻ  (2) 
When TNmx is not exact multiples of 𝑁𝑚𝑥, there will be a 

remainder, Rmx given as follows; 

Rmx ൌ TNmx െ ቔቀ
୘୒୫୶ 

ே௠௫
ቁቕ  (3) 

The user can randomize the Rmx students by running the 
program a second time with Nmx = Rmx and KountMx =1.  
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2.1.2 Module 2: Initialization of randomization array   

At this point, the randomization array (denoted as 
ArrNm[Nmx]) is first  initialized by assigning ArrNm[x] =x 
for x =1,2,3,…Nmx, that is; 

ArrNmሾxሿ ൌ 𝑥  𝑤ℎ𝑒𝑟𝑒𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥  (4) 
Also, the randomization initialization counter (denoted as 
KountX) is initialized to 0, that is KountX ൌ 0.Then, the 
random number generator function (denoted as 
FnRandGen) is used to generate random number for each of 
the cell locations in the ArrNm[x] array. For each array 
index, x the FnRandGen function is called with lower value 
of 1 and upper value of Nmx and the condition that the 
returned value of the random number (denoted as RanX) 
must not be the same as x.  
When RanX is obtained, the swap function (denoted as 
FnSwap) is called to swap the content of the array cell 
ArrNm[x] with the content of array cell ArrNm[RanX]. The 
process is repeated for x =1, 2, 3,…Nmx. This forms one 
complete randomization of the randomization array 
ArrNm[x]. The function (denoted as FnOPArrNm) is 
called. The function FnOPArrNm is for printing the output 
from the randomization array, ArrNm[x] x =1, 2, 3,…Nmx. 
At this point, the randomization initialization counter 
(denoted as KountX) is increased by one, that is; 

KountX ൌ  KountX ൅ 1  (5) 
The present randomization array content is used as the 
initial value for the next ( KountX ൅ 1 ) randomization 
process. The iteration is performed for a set maximum 
number. In this paper, the maximum value is 10. Hence, the 
randomization initialization process stops when KountX is 
at least equal to 10, that is, whenKountX ൒ 10.  

 
2.1.3 Module 3: Repeated randomization and display of 

randomization output until no more 
randomization is needed 

The last contents of ArrNm[x] are stored as the first row in 
the randomization output array, that means, 

KountX ൌ  10                                    
𝐾𝑜𝑢𝑛𝑡 ൌ 1                                       
𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ ൌ 𝐴𝑟𝑟𝑁𝑚ሾ𝑥ሿ

 ൡ  (6) 

The function (denoted as FnOPAopNm) is called. The 
function FnOPAopNm is for printing the output from the 
randomization output array, 𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ  for the 
current 𝐾𝑜𝑢𝑛𝑡  and for x =1, 2, 3,…Nmx.  
At this point, the randomization round counter (Knount) is 
increased by one, that is; 

Kount ൌ  Kount ൅ 1  (7) 
The present randomization array content is used as the 
initial value for the next ( Kount ൅ 1 ) randomization 
process. The contents of ArrNm[x] array are stored as the 
Kount ൅ 1  row in the randomization output 
array,  𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ.  The function (denoted as 
FnOPAopNm) is called to print the output from the 
randomization output array, 𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ  for the 
current 𝐾𝑜𝑢𝑛𝑡  and for x =1, 2, 3,…Nmx. The iteration is 
repeated until 𝐾𝑜𝑢𝑛𝑡= KountMx.  

 

 

 

2.1.4 Module 4: Validate the contents of the 
randomization output array by calling on 

the validation function 

The condition for effective randomization is that a student, 
denoted by the index number, x  should not be assigned his 
script to mark, where the script number if the content of the 
randomization array, ArrNm[x]. Hence, the condition is 
that at the end of the randomization process, then; 

ArrNmሾxሿ ് 𝑥  𝑓𝑜𝑟 𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥  (8) 
This can easily be proven analytically as follows; 

𝑥 െ ArrNmሾxሿ ് 0  𝑓𝑜𝑟 𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥  (9) 
So, the validation results is examined to check if there is 
any zero (0) in the validation output. Specifically, the 
validation process is implemented with respect to the 
randomization output array, 𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ . At this 
point, the function (denoted as FnValAopNm) is called to 
generate and print validation output from the randomization 
validation output array, where the validation output is 
generated from 𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ as follows; 

𝑥 െ 𝐴𝑜𝑝𝑁𝑚ሾ𝐾𝑜𝑢𝑛𝑡ሿሾ𝑥ሿ,   𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝐾𝑜𝑢𝑛𝑡 𝑎𝑛𝑑  𝑥 ൌ
1,2,3, … 𝑁𝑚𝑥  (10) 

Where 𝐾𝑜𝑢𝑛𝑡 = 1,2,3,…, 𝐾𝑜𝑢𝑛𝑡𝑀𝑥. As long as there is no 
zero (0) in the validation output, the randomization process 

in certified acceptable.  

2.1.5  The Random number generator function 

In C programing, the random number generator function is 
rand () and it  can be used to generate random integer 
number in the range from Lower to Upper, where Lower is 
the lowest number specified by the user and Upper is the 
highest number specified by the user . So, the output of 
rand() function will be within the range with Lower and 
Upper values included as possible output values. The C 
program syntax for rand(0 function is as follows; 

   RandNum = (rand( ) % (upper - lower + 1)) + lower 
Where  RandNum is the generated random number 
such that   Lower ≤ RandNum ≤ Upper.  

Essentially, the basic parameters needed in the function call 
for the rand() are Lower and Upper. In the case of the 
collaborative mechanism program, the Lower is usually 1 
and the Upper is Nmx. Also, additional parameter needed 
for the rand() is the current value of the array index, 
denoted as x which is used to specify the condition that the 
rand() be repeated until  RandNum ് 𝑥. Hence, in the 
program design for the online collaborative script 
marking platform, the rand()  function  has four 
parameters and the function is specified in C language 
as follows; 

int  rand( int Lower, int Upper, int x)  
{ int RandNum =x; 
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While  (RandNum ==x) { RandNum = (rand( ) 
% (upper - lower + 1)) + lower ;}; 
return (RandNum) 
} 

The function call to the rand( ) in this paper is usually 
as follows; 

       RanX = rand(   1, Nmx, x); 

The program segment entails that the RandNum is 
reputedly computed as long as RandNum =x. The 

calculation stops when RandNum ്x and the value of 
RandNum is returned as the generated random 

number for the randomization array cell with index 
number, x. The value of 1 ≤ RandNum ≤ Nmx.  

At this pint, the swap function is called to swap the 
content of the randomization array cell  x with the 
content of the randomization array cell  RandNum. 

2.1.6 The swap function 

The swap function is used in this program to swap the 
contents of two array cell with index number  x and y. 
If, for instance, the array is the randomization array, then 
the two array cell contents are  ArrNmሾxሿ  and ArrNmሾyሿ 

and the swap function is implemented as follows; 

int  Swap ArrNm (int x, int y) 
{ int num; 
num  = ArrNmሾxሿ  ; 
ArrNmሾxሿ    = ArrNmሾyሿ  ; 
ArrNmሾyሿ    = num  ; 
Return; 
} 

In this case, it is assumed that the array = ArrNmሾxሿ  is 
a global variable that is accessible to the function 
Swap( ). So, after the random number RandNum is 

generated for the array cell index x, the swap function 
is called as follows; 

Swap ArrNm (x, RandNum) ; 

The function will swap the contents of the 
randomization array cell locations x and RandNum. 

 

2.1.7  Function for printing the output from the 
randomization array 

The For loop is used to print or display the contents of 
an array for index 1 to array index Nmx where Nmx is 

the highest array index specified in the array 
declaration or desired by the user at the time of 

printing.  For instance, in order to display the contents 
of the randomization array from cell index 1 to cell index 

Nmx, the following C program segment can be used; 

for(x=1 ; x<= Nmx ; x++){ printff(“%d, ArrNmሾxሿ);}; 

Other formatting specifications can be applied to design the 
layout of the output from the array print function. 

 
2.2 The design of the randomization mechanism for 

offline collaborative marking system 
In the case of offline collaborative marking mechanism, the 
students are physically present in the class and it is assumed 
they are seated in rows of Nmx students per row. The 
randomization process is done such that: 

(i) A student x does not get his script assigned 
to him/her. That means,  as earlier stated; 

ArrNmሾxሿ ് 𝑥  𝑓𝑜𝑟 𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥  (11) 

       Which can be generally expressed in absolute 
number format as; 

|x െ ArrNmሾxሿ| ൐ 0  𝑓𝑜𝑟 𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥 (12) 

In this case, the validation results will not 
have any zero (0) value. However, 1 to Nmx 
and –Nmx to -1 are permitted in the validation 
output. 

(ii) A student x does not get his script assigned 
to him/her immediate neighbors. That 
means,  the script of student with index 
number x cannot have his/her script 
assigned to x-1 of x+1. Hence,   

|x െ ArrNmሾxሿ| ൐ 01  𝑓𝑜𝑟 𝑥 ൌ 1,2,3, … 𝑁𝑚𝑥  (13) 

In this case, the validation results will not 
have any one (1)  or minus one (-1) value. 
However, 2 to Nmx and –Nmx to -2 are 
permitted in the validation output. 

This is achieved by some modifications on the 
conditions for the random number generator 
function. Notably, for each array index, x the 
FnRandGen function is called with lower value of 1 
and upper value of Nmx and the condition that the 
returned value of the random number (denoted as 
RanX) must not be the same as x (that is RanX് x 
), RanX് x+1 and RanX് x-1.  RanX fails any of 
the three conditions, then the RanX is discarded and 
the the FnRandGen function is called repeatedly 
until the three conditions are met simultaneously. 
Another important condition is that if the cell 
number x has already been swapped by the time it 
got to the turn of cell x to get the FnRandGen 
function output, then, the cell x is skipped and the 
next cell x +1 is examined and attended to for 
randomization and swapping. Specifcally, the rand( 
) for the offline scenario is implemented as follows; 
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presented showed that the program can effectively shuffle 
the students in both online and offline scenarios.  
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