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Abstract - In this paper a template matching technique to identify the presence of X-Mark on the answer sheet of multiple-
choice type for automated scoring purpose is proposed. The proposed method will be able to reduce the cost of widely used 
solution using an expensive machine called the Optical Mark Reader (OMR). The proposed method also allows students to 
make corrections to their answers by crossing the X mark with minus or plus sign. There are two main stages in the X-mark 
detection procedure: (i) input preparation stage and (ii) detection stage. In input preparation stage, three sets of experiment 
data are used. The first set consists of 1311 images of characters X-mark, the second one has 46 images of the correction 
Xplus-mark and 167 images of the correction Xmin-mark. Normalization step, as part of input preparation stage, normalizes 
each image’s size to 11 x 11 pixels, and then applies shifting algorithm to that image. In masking process two types of 
template with different weight are compared. Three experiments are conducted to measure the success rate of the proposed 
method. The results show that the proposed method gives 94% of accuracy for the X-mark detection and 100% for the 
corrected Xplus-mark detection. 
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I. INTRODUCTION 
 
Teachers usually use multiple-choice questions or 
objective test to determine the level of understanding 
of their students about a certain subject. Although 
checking a multiple-choice answer sheet is not 
complicated, it will take a lot of time for a large 
number of students. A solution for automated scoring 
of multiple-choice test usually uses a specific 
machine called optical mark reader (OMR). 
Unfortunately, there are some drawbacks in that 
solution such as the availability of the machine at 
school, usage of a spesific template for the answer 
sheet, and usage of a spesific pencil to completely fill 
the unswer [1-4]. Moreover, these devices are 
relatively expensive so that the accessibility is very 
limited.  
On the other hand, the availability of Android 
smartphones with integrated camera opens the 
possibility to create a more affordable solution for 
automated scoring of multiple-choice test, such as 
one proposed in [5]. Using a specifically designed 
answer sheet and image processing procedure 100% 
of success rate is achieved. However, three 
limitations are found in [5]: (i) the students have to 
fully fill the circle, (ii) the students can not change 
their answers, and (iii) the system can not detect 
when students are cheating by marking more than one 
circle. To overcome those limitations, X-mark 
detection using template matching technique is 
proposed in this paper. It is proposed that student’s 
answer to each question is not done by filling the 
circle, but by giving an X-mark in the given 
rectangular slot. Furthermore, students are allowed to 
change their answer to each question by correcting 

the X-mark and then giving an X-mark in another 
possible rectangular slot. 
Other researches have succeded to detect the X-mark 
in rectangular slots with flexible size on a simple 
answer sheet of type multiple-choice question [6]. 
The technique searches whether there are two 
diagonal lines of a cross mark (or an X-mark) by 
applying two templates representing the two diagonal 
lines with different orientation angles. The validation 
process, however is rather complex which includes 
comparison with two templates, shifting of the image 
gradually from 5 to 15 pixels in four direction and 
rotation of the image clockwise and counter 
clockwise from 5o to 15o. Therefore, the proposed 
method in this paper offers a simpler solution.   
This paper discusses how to recognize the X-mark 
and corrected X-mark denote as X-mark-plus or X-
mark-min in a rectangular slot on multiple-choice 
answer sheet by single template maching. The rest of 
this paper is divided into three sections. In section 2 
design and methodology is discussed. It covers 
problem definition and methodology to solve the 
problem which consists of the answer sheet’s design, 
answer sheet identification, normalization techniques, 
and algorithm for searching the X-Mark. Experiment 
results are discussed in section 3, and finally in 
section 4 this paper is concluded. 
 
II. DESIGN AND METHODOLOGY 
 
2.1 Problem Definition 
The aim of this paper is to overcome some limitations 
of the previous work [5] as mentioned in the 
introduction section. The limitations can be solved by 
giving an X-mark in the given rectangular answer slot 
for each question instead of filling the given circular 
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answer slot. Therefore, instead of identify the 
darkened circle the system need to be able to detect 
the presence of X-mark in the given rectangular 
answer slot. After detecting the X-mark in each 
rectangle, then the system can count the number of X-
marks in the given rectangular answer slots for each 
question. If there are more than one X-marks, then 
the student has cheated. There are possibilities that 
students will corect the previous X-mark and give 
another X-mark to another rectangular answer slot. 
Therefore, the system also must be able to identify 
whether the X-marks are being corected or not. 
Briefly, the problem is stated as how can the system 
know whether the given rectangular answer slots 
contain X-mark, and how can the system know 
whether there is a correction on the detected X-
marks.   
 
2.2 Methodology 
Two main stages are involved in the X-mark 
detection process, namely input preparation stage and 
detection stage. The input preparation stage purpose 
is to provide an image that is ready to be processed 
using template matching method in the detection 
stage. The input preparation stage consists of several 
steps, there are answer sheet design,identifying the 
answer sheet, finding the content of each blank 
square,normalizing input image’s size, and shifting 
the normalized. It will be the input image for the 
detection stage. 
 
Input Preparation Stage 
The first step of the input preparation stage is 
designing the answer sheet. The proposed design of 
the answer sheet is shown in Fig 1. There are forty 
questions in the answer sheet, each has five possible 
rectangular answer slots from A to E. EXCode 
indicates examinees’ code, while MCode is the 
Module’s code.The EXCode consists of three digits, 
which means a maximum of 999 students can take the 
test for a single MCode. EXCode = 000 is reserved 
for the teacher’s answer sheet or answer sheet’s key. 
There are three digits for MCode which means the 
system allows for 999 varieties of answer sheet. 
The second step is identifying the answer sheet. It is 
done by converting the original grayscale image to 
binary image using Otsu thresholding [7]. The system 
then will detect four small black squares at the four 
corners of the answer sheet using region labeling. 
Those black squares are used to limit the working 
area for the image processing step. Thebiggest 
rectangle under the “ANSWER SHEET” text is the 
rectangular frame of the answer sheet. The frame is 
bold-printed so it is easier to find the four corners. 
Later, twelve small black squares inside the biggest 
rectangular frame are detected. There aresix on the 
left side and six at the bottom of the answer sheet. 
Those twelve black squares will be referred as key 
squares are used to find out the X and Y positions of 
each blank squares. Since the distance between 

squares in the answer sheet is equaly made, then 
simple mathematics can determine the center position 
of all blank squares easily.Finally, system can 
identify the area of EXCode, Mcode, and the forty 
questions,and also identify the answer sheet. 
 

 
Fig.1. Answer Sheet Design 

 
The third step is finding the content of each blank 
square. There are only two possible marks for each 
blank square, which are X-mark or corrected X-mark. 
Fig 2a and 2b show proposed valid answers (X-mark) 
while corrected X-marks are in 2c,2d and 2e.  

 

 
Fig.2. Possible Marks in Each Blank Square 

 
The content of a blank square is an input image for 
the detection process. Some are shown in Fig 3. It can 
be seen that the size of the input image as an object to 
be recognized could be varried from one student to 
another.  
 

 
Fig. 3. Some Samples of Input Images 

 
The input image is presented as a two dimentional 
matrix S, that is S(x, y) = 0 for black pixel and 
S(x, y) = 1 for white pixel. It is easy to determine if 
the input image has no mark (blank). However, to 
recognize the object as an X-mark or corrected X-
mark, system has to first normalize the input image. 
This paper proposes that the normalized image’s size 
is 11 x 11 pixels. 
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The forth step is normalizing input image’s size. This 
step is essential before detection the X-mark. Liu 
proposed a method to normalize the size of a 
character image (original image) of size W ×  H  
into normalized image of size W ×  H  in [8]. Ratio 
of the original imageR1, and normalized image,R2, 
are stated in (1), whereas the ratios for the 
transformation are in (2). If the gray level of the 
original image is denoted as f(x, y), and the one from 
the normalized image as g(x′, y′), then the moment 
normalization formulas are stated in (3),(4) and (5). 
In this paper, moment normalization with cubic root 
of aspect ratio is implemented. Fig. 4 shows three 
input images and their normalized input images with 
size H = W = 11. 
 

R = W /H if W < H
H /W otherwise (1) 

α =   ;  β = H /H  (2) 
x′ = α(x − x ) + x′   ;  y′ = β(y − y ) + y′  (3) 
x =  ; y =  ;   x′ =  ; y′ =  (4) 
m = ∑ ∑ x y f(x, y) (5) 

 

 
Fig.4. Normalization to 11 x 11 Pixels 

 
The fifth step is shifting the normalized image in 
order to make the image centered. The center of the 
normalized input image is determined by performing 
convolution between the normalized input image with 
a 5 x 5 mask whose values are all 1, except the center 
of the mask at (2,2) with the value 5. The center of 
the normalized input image is at position (p, q) if and 
only if it is the closest to (5,5) and the convolution 
value is the biggest. After the center of the 
normalized image is found then shifting operation 
will move the center to (5,5). 
To illustrate the normalizing and shifting steps, 
consider an input image with an X-mark of size 58 x 
56 pixels as shown in Fig. 5a. First, it is normalized 
to 11 x 11 pixels as shown in Fig 5b with center at 
(5,4). Shifting its center to (5,5) means all its white 
pixels are shifted by moving them one pixels to the 
right. The result is shown in Fig 5c. For another input 
image with corrected X-mark is shown in Fig. 5d and 
5g, their normalization and center shifted to (5,5) are 
shown in Fig. 5e and Fig. 5f, and 5h and 5i, 
respectively. 
 

 
Fig. 5. Normalizing and shifting process examples 

 

Detection Stage 
There are four steps to be defined in searching the X-
mark, (i) determining the masking template, (ii) 
defining the feature value of the normalized input 
image, (iii) analysing the normalized input image, 
and (iv) determining the theshold level. In the first 
step two masking templates, M1 and M2, as shown in 
Fig. 6. are proposed.  Later, it will be determined 
which one is the best to identify the X-mark and 
corrected X-mark. Pixel values in masking template 
labeled as w  which indicates the weight of the 
masking template, are set to be 1,0, and -9, 
respectively. These templates mean that if the 
normalized input image contains an X-mark, then its 
white pixel’s positions are associated with the 
position of pixel’s value = 1 of the template. The 
more associations between them, the higher the 
possibility of the input image being an X-mark. 
Otherwise, the possibility of it being an X-mark is 
reduced.  
 

 
Fig. 6. Proposed masking Templates 

 
In the second step, a function f: R → R stated in (6) 
as the feature value for each normalized input image 
after being compared with a masking template is 
defined. Supose S = i(x, y) is the label for a 
normalized input image, then the feature value of S is 
f(S) to indicate the closeness to X-mark and f(S) to 
indicate the closeness to corrected X-mark. If S is 
identical with M1 then f(S)  =  85, whereas if 
identical with M2 f(s) = 57.  
 
f(S) = ∑ ∑ i(x, y) × w  
 
For the images that are shown in Fig.5, the feature 
values using M1 and M2 as the templates are 
tabulated in Table 1. 
 

Table 1. Feature Values of an X-mark,퐟(퐒), and corrected X-
mark,퐟(퐒) 

 
 
In the third step, the normalized input image is 
analyzed. It can be seen from Table 1 that value of 
the feature of S, f(S) and f(S) depend not only on the 
masking template type used, but also on whether the 
center of the normalized input image is shifted to 
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(5,5) or not. Therefore, it has to be considered which 
one, template M1 or M2 and with or without shifted, 
is better in recognizing the X-mark and corrected X-
mark. Finally, in the fourth step the threshold level 
must be determined to recognize the mark in a 
normalized input image. Let the threshold level be z. 
There are two level of z labeled as z  and z . If the 
feature value is greather than z , the mark in that 
normalized input image is an X-mark, however if the 
feature value is less than z , the mark in that 
normalized input image is a corrected X-mark 
otherwise it is not an X-mark. For example, if z  is 
set to be 30, then Fig 5a is recognized as an X-mark 
by template M1 or M2, both with and without 
shifting its center to (5,5). For z =  −10 , Fig 5d is 
also recognized as a corrected X-mark by template 
M1 or M2 with or without shifted center, but Fig 5g 
is not recognized as a corrected X-mark by template 
M1 with or without shifted center.  
Since the ideal feature values of template M1 is 85 
and M2 is 57, then the threshold level has to be 
adjusted by dividing with the ideal value of the 
template. Therefore, the feature value also has to be 
divided by 85 for M1 and 57 for M2. Table 2 shows 
the relative feature values of Table 1. 

 
Table 2. Relative Feature Value of an 퐟(퐒) and퐟(퐒) 

 
 
The system uses only one out of four possible 
combinations to recognize an X-mark and corrected 
X-mark. The combinations are M1 and No Shifted 
(M1NS), M1 and Shifted (M1SH), M2 and No 
Shifted (M2NS), or M2 and Shifted (M2SH). System 
also has to determine the threshold level of z  and 
z . The selection one among the four possibilities 
and the value of threshold level z  and z  will be 
done through experiments.   
 
III. EXPERIMENT RESULTS 
 
The discussion of this paper is focus on the detection 
of X-mark using template matching method. This is 
part of a full system of a previous work [5] that can 
be described as the block diagram in Fig. 7. It refers 
to the input preparation stage and detection stage.   
 

 
Fig 7. Block Diagram of System 

 
The scope of experiments section is started from 
normalizing image step at four part of input 
preparation stage then centering the object to be at 
(5,5). The algorithm is as follows:  

1. Find input image size, W and H , then apply (1) 
with W = H = 11. 
2. Calculate m , m , m  using (5) and 
x , y , x′ , y′  using (4). 
3. Transform f(x, y) to g(x′, y′) using (3) to obtain 
the normalized input image. 
4. Find the center of the normalized input image by 
performing convolution between the 11 x 11 image 
with a 5 x 5 mask as discussed in the previous 
section.  
5. Shift the center of the normalized input image 
(p, q) to (5,5). This means all white pixels of the 
normalized input image are shifted (5− p) pixels to 
the right and (5 − q) pixels down.  
The detection processes the centered normalized 
input image to recognize whether it contains an X-
mark or corrected X-mark. It is done by calcultaing 
the feature value of the normalized input image using 
(6), and then divides it by 85 for M1 and 57 for M2.  
Three experiments are conducted. The first two 
experiments are to find out which combination of 
template and shifting process denote as (i) template 
M1 shifted (M1SH), (ii) template M2 shifted 
(M2SH), (iii) template M1 not shifted (M1NS) and 
(iv) template M2 not shifted (M2NS) will give the 
best results in recognizing X-mark and corrected X-
mark. From the first two experiments, the best 
combination is choosen, and using that chosen 
combination the best threshold value z  and z  will 
be found out through the third experiment.  
 
First Experiment 
First experiment is conducted to determine the 
combination in recognizing an image as an X-mark. 
The experiment data are 1311 images of variation of 
capital letter X.  An image is recognized as an X-
mark if the feature of that image is greater than a 
threshold value z . The results of the experiment are 
shown in Fig 8. The result indicates that the 
percentage of image recognized as X-mark is highest 
when using M1SH, compared to the other three for 
z < 0.55. It means using M1SH gives the highest 
percentage recognition of X-mark. However, for 
z > 0.55 the best result is achieved by using M2SH.  
 

 
Fig. 8. Percentage recognition as X-mark 

 
Second Experiment 
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Second experiment is conducted to find the best 
combination in recognizing an image as corrected X-
mark. The experiment data are 46 images of X-mark-
plus and 167 X-mark-min. The results are presented 
in Fig. 9 and Fig 10. It can be seen that using M2SH 
or M2NS gives 100% recognition for X-mark-plus 
for threshold value from -0.3 to 0.4. Similar result is 
obtained also for X-mark-min as shown in Fig. 10. It 
can be conluded that M2 is the best to recognize the 
corrected X-mark. 
 

 
Fig 9. Percentage recognition as X-mark-plus 

 

 
Fig 10. Percentage recognition as X-mark-minus 

 
From first experiment, M1SH gives the best result for 
recognizing X-mark but the worst result for 
recognizing corrected X-mark. Therefore, M1SH 
cannot be used. Percentage of recognizing corrected 
X-mark plus is higer than that of X-mark minus. It 
means for corrected X-mark will be better using X-
mark-plus than that of X-mark-min. M1NS, has the 
second highest percentage recognition of X-mark but 
for recognizing corrected X-mark-plus with z < 0 is 
below 91 %. Value for z  logically should be less 
than null, then M1NS also cannot be used. Therefore, 
M2SH, is proposed as the combination for 
recognizing both X-mark and corrected X-mark. 
Third Experiments 
The third experiment is conducted to determine the 
highest value of z  with the percentage recognition of 
X-marks above 90% and also the lowest z  with the 
percentage recognition of correction X-marks 100%. 
The results are shown in Fig. 11 and Fig.12. From 
Fig. 11 it can be seen that 90% success rate in 
recognizing X-mark is achived with maximum 
z = 0.21 and success rate of around 94% is achieved 
with z = 0.05. From Fig. 12, it can be seen that 
range of  z  from -1.05 to -0.96 will give 100% 
success rate in recognizing corrected X-mark. 
 

 
Fig. 11. 퐙퐱and recognition of X-mark 

 
Fig. 12. 퐙퐜퐱and recognition of correction X-mark 

 
CONCLUSION 
 
From all the experiments, it can be concluded that 
template matching technique can be used to identify 
the presence of X-mark on the answer sheet of 
multiple choice type of test. The best result in 
recognizing the X-mark is 94% with theshold level 
0.05 while recognition percentage of correction X-
mark-plus is 100% with theshold level -1.05. These 
results are obtained by template M2 and shifting the 
center of the normalized input image to (5,5). The 
identification of X-mark offers better solution for 
automated scoring of multiple choice test compared 
to widely used practice by darkened a circle on the 
answer sheet. Two of the advantages are the 
possibility for students to make correction and the 
ability to check whether a student is cheating by 
marking X-mark more than one rectangular answer 
slot.  
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