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Abstract - This study developed an E-Chequer: A Smart Exam-Checking Machine Using Image
Processing Technique. The research aims to identify the feasibility and effectiveness of using image
processing techniques for automated exam grading among secondary level teachers in public schools.
Specifically, it aims to (1) to develop a system that will help secondary-level teachers in terms of
functionality, reliability, efficiency, and usability in checking the exams, (2) to identify the significant
differences between the conventional way and the designed project in terms of checking exams. (3) to
build a machine that will help the secondary level teachers lessen their workload. A great significance of
this study is speed and efficiency when it comes to checking, assessment and data analysis of the students’
exam papers. A machine can check a large amount of papers in a small amount of time compared to a
human teacher. A Developmental Research Method concept was employed with 15 preliminary
respondents and 13 evaluators, that includes secondary level teachers and professionals. The data were
analyzed using statistical analysis. The device obtained an error rate of 1.33%, a precision of 100%, a
recall of 96%, and an F1 score of 97.96%. Moreover, the accuracy of the device, based on the calculated
Precision, Recall, and F1 Score, is 96%. The overall rating for the design project is 4.25 out of 5,
showing that the respondents AGREE that the device meets the standard features and characteristics for
property evaluation and serves the needs of the stakeholders, and so holds value. The device can perform
bulk checking, and the scanning rate is only 9 exam papers per minute. Also, it only accepts A5 paper size
and is limited to the customized answer sheet and 50 items only. For the volume of the exam paper, it can
handle a maximum of 50 exam papers in one go. The contributing factors to paper jams include the
guality and condition of the paper used and incorrect loading of the paper tray.
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INTRODUCTION overwork. Site-based management has led to
increased teacher workload. Imposed and
centralized system accountability, lack of
professional autonomy, relentlessly imposed
change, constant media criticism, reduced
resources, and moderate pay all relate to teacher
stress. The effects of teacher stress include
declining job satisfaction, reduced ability to
meet students' needs, significant incidences of
psychological disorders leading to increased
absenteeism, and high levels of claims for stress-
related disability. Stress appears to be a factor in
teachers leaving the profession in many
countries [1].

A teacher is a person who educates others, one
who teaches or instructs. Almost all places have
education, whether developed or not, and a
partner in education is a teacher. Teachers have
such a great while also physically and mentally
taxing job. Being a teacher is a challenging yet
rewarding profession. It involves preparing
lesson plans, delivering lectures, grading
assignments, and providing support to students.
International studies show that teachers' work
intensification mirrors societal trends toward
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A survey conducted by the researchers
with the Science Department Teachers at
Pampanga High School found that all teachers
exclusively use the multiple-choice format for
their examinations. Multiple-choice exams have
numerous advantages, such as the time of
correction,  scoring  efficiency, accuracy,
objectivity, and the ability to cover much
material efficiently [2]. Scores are also less
influenced by guessing compared to true-false
items. Multiple-choice items provide the most
useful format for comparing performance from
class to class and year to year, consistently
employing objective correction methods. In the
context of high school level education, it is
common for teachers to incorporate multiple-
choice questions in their periodic exams. These
exams serve as a means to assess a student’s
knowledge and comprehension of the subject
matter.

Given class sizes, teaching loads, and a
host of other academic responsibilities, many
teachers feel as though multiple-choice tests are
the only viable option. Their widespread use
justifies a regular review of those features that
make these tests an effective way to assess
learning and ongoing consideration of those
features that compromise how much learning
they promote.

(Optical Mark Recognition) OMR
technology is particularly useful for applications
in which large numbers of hand-filled forms
need to be processed quickly and with a great
degree of accuracy [3]. OMR will be used as the
technology of electronically extracting intended
data from marked fields, such as square and
bubbles fields, on printed forms. Thus, this
technology makes a great tool for scanning
multiple-exam papers. Based on the study
entitled "Automated Grading System for
Multiple Choice Examination Using Image
Processing", the study used image processing
techniques such as thresholding, edge detection,
and morphology to extract features from
scanned answer sheets [4, 5].

Moreover, to enhance the grading
process, we incorporated machine learning into
our methodology. As each paper is fed into the
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machine, a cascade of learning is initiated.
Through this iterative process, the system refines
its understanding and proficiency in accurately
evaluating exam responses. In summary, our
study embarks on a journey to explore the
potential of image processing techniques and
machine learning algorithms for revolutionizing
the grading process, addressing the crucial issue
of teacher workload [6]. By seamlessly
integrating OMR technology, we aim to provide
a solution that not only enhances efficiency but
also alleviates the burden on educators. The
results showed that the proposed system
achieved an accuracy rate of 90.5% in grading
the exams.

OBJECTIVES OF THE STUDY

Specifically, it ought to answer the following
questions:

1. How can the design project help the
secondary level teachers in checking the exams
in terms of: a. functionality; b. reliability; c.
efficiency; d. usability?

2. What are the significant differences
between the conventional way and the designed
project in terms of checking exams?

3. How can the design project help
secondary-level teachers in lessening their
workload?

From the stated problem above, here are the
research objectives that the researchers ought to
achieve:

1. To develop a system that will help
secondary-level  teachers in terms  of
functionality, reliability, efficiency, and usability
in checking the exams.

2. To identify the significant differences
between the conventional way and the designed
project in terms of checking exams.

3. To build a machine that will help the
secondary level teachers lessen their workload.

This study focused on the problems related to
the additional workload for teachers when
checking students' exam papers. The researchers
specifically address the issue of exam papers
because it is a feasible problem that can be
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solved using technology, unlike other problems whether undertaken during the design and
that require human reasoning [7]. Moreover, the development retrospectively, the ideal research
development of the design project aligns with applies to actual projects rather than simulated
the re_searchers‘ field of study. The respondents or hypothetical ones. This research method
for this study are secondary-level teachers, and involves several phases, which may be iterative:
the researchers do not inquire about other analysis, design, development, implementation,

departments as the focus is solely on these
teachers. The researchers will not intrude into
their personal lives but rather concentrate on the
satisfaction derived from using the machine. The
goal of the system's development is to assist
secondary-level teachers in checking students'
exam papers. The system will solely support the

and evaluation.

Developmental research can be classified into
two (2) groups based on the structure and
purpose of the study. The researcher's design
project falls under the Type Il Classification as it

paper-checking process and not address other aims to be reconstructive and innovative with
issues. consideration of various constraints.
In terms of the device, it is designed explicitly Table 1: Type I1 of Developmental Research
for multiple-choice exams with a maximum of (Richey and Klein, 2005

50 items. The end user cannot modify the
number of exam items or the answer sheet. This

. X . . Features Type 11
mear]s the device is deSIQDed tO'WOI‘k with the Name as Reconstructive Studies Model Development
provided answer sheets with a fixed layout for and Techniques Development
50 questions, The paper format used for the Emphasis Study of design development, and evaluation
answer sheets is A5 size. Using a different paper processes, tools, or models
format is not possible. Additionally, the paper : :
Product New design development and evaluation

thickness should be 20 or 24 substances, as
changing the thickness may adversely affect the
device's performance. The device also comes
with a website that the end users can access Conclusion | Generalized
through echequer site.

procedures and/or models that facilitate the
use

MATERIALS AND METHOD )
Under this category, phases and types of

The researchers employed a distinct partiCipantS are |dent|f|9d, shown in Table 2

research method to provide adequate solutions to below.

the challenges inherent in the current system. o
Table 2: Phases and Types of Participants

In developing the project system, the researchers

used the Developmental Research Method Function/ Dev’:ﬁf’iem Mlj’iel Model Validation
concepts. This developmental research design Phase

strives to solve issues concerning advancing Type of Designers, Designers, | Designers,
technologies or processes [8]. That said, the Participant | pevelopers, Developer | Developers,

. . - . s, Evaluators, Clients,
design project is applicable. The research Evaluators, Evaluators | Learners,
objective is clearly not knowledge in the ?ﬁseiﬁ’:“'and  and Instructors, and
hypothetical sense but with the design * Clients. | Organizations.
knowledge that users can utilize. Developmental
research is projected in natural working
conditions. This increases the credibility of the For the sampling procedures, this study used a
research, but it frequently raises methodological combination of accidental and purposive
guandaries for the researcher. But even so, sampling techniques to acquire and determine
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the number of respondents. For the accidental
sampling procedure, during the pre-survey
phase, respondents were selected from a pool of
secondary-level teachers in two distinct schools.
This approach allowed for a diverse
representation, capturing a range of perspectives
and experiences from educators in varying
educational environments. The selection of
respondents during this phase was determined
based on their availability and willingness to
participate, ensuring a practical and accessible
sample. The purposive sampling procedure was
implemented during the testing phase of our
machine. This targeted approach involved
selecting participants based on their specific
expertise and experience in exam grading. By
focusing on educators who were actively
engaged in the assessment process, we aimed to
gather insights from professionals with a deep
understanding of the challenges and demands
associated with manual grading. This deliberate
selection ensured that our study captured the
nuanced perspectives of those directly impacted
by the technology. The researchers will utilize
the mentioned sampling techniques to obtain the
validity of the acceptability measures of the
design project. The researchers conducted
data gatherings through the Internet to construct
their background information regarding their
system. They formulated related questions
regarding the design project using Google
Forms. The questionnaires comprised related
guestions that helped the researchers explore and
understand the importance of creating the
system. After that, the researchers sent the
formulated questionnaires to different secondary
level public school teachers around Pampanga.
The researchers were able to garner information
from the participants and were able to identify
the problems and processes encountered
regarding checking exam papers among their
students. Apart from using Google Forms, the
researchers also conducted informative face-to-
face and online interviews to gain first-hand
information to broaden the data gathering.

The researchers designed the whole system to
fulfill the purpose of the whole system
efficiently. The components were determined in
this system design. The researchers used
Raspberry Pi 4, OpenCV, OMR, Parallel
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Processing, Ramer—Douglas—Peucker algorithm,
Haar Cascade algorithm, and Image Processing
Techniques [9]. Figure 1 shows the block
diagram of the whole process of how the
software and hardware of the device work. The
first block shown above is the validation of the
website. It begins with the login page, where
users enter their credentials. The website then
verifies the provided information to authenticate
the users. If the credentials are valid, users gain
access to the dashboard. The dashboard serves
as the central hub for managing exam-related
tasks. Within the dashboard, users have the
option to import a student list by uploading an
Excel file containing student details such as
names and IDs. Additionally, users can input
their answer sheets from here.

The next block is the Operation of the Machine.
The operation of the machine starts with
powering it on by connecting it to a power
source. Once powered on, the user loads the
exam paper into the machine, ensuring proper
positioning. The machine features a user
interface through which users can interact with it
using touchscreen controls. The machine
captures an image of the exam paper using a
built-in camera or scanning mechanism. The
captured image then undergoes several image
processing techniques, such as pre-processing,
image segmentation, feature extraction, and
more, to improve its quality and clarity.
Furthermore, the machine may apply stamps or
markings on the exam paper for visual feedback
or to indicate that the exam paper has been
checked.

VALIDATION OF OPERATION OF THE
WEBSITE MACHINE

SYSTEM QUTPUT

| LOGIN PAGE | | POWER ON |

DASHBOARD LOADING OF EXAM
PAPER

WEBSITE UPDATE
SET ANSWERSKEY
= USER INTERFACE e
IMPORT STUDENT I
RESULT DISPLAY
LIET IMAGE C APTURE
AND PROCESSING

GEMERATE ANSWER
SHEET

STAMPING

I4—

(Fig.1) System Block Diagram
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The last block is the System Output. The system
output consists of two main sub-blocks. First, the
website is updated with relevant information and exam
results. This ensures that the website's data, including
student details and result records, has been reflected
and synchronized with the machine's operations.
Second, the machine displays the calculated results to
the user. The result display includes the total score
with a marking of the wrong and correct answers per
item number. The system output gives users real-time
access to exam results, facilitating efficient
monitoring.

o
o

s Display "No Paper
o —l

sampcHecken | e ,—4,

e evam paper

(Fig.2) Overall Machine Process Flowchart

Figure 2 shows the overall process of the system.
Initially, the user turns on the device. Once turned on,
the system begins to scan the exam papers. If the
system detects an invalid exam paper, it displays "No
paper" and terminates the process. Otherwise, the
system scans the exam paper and attempts to detect the
QR code. If the QR code is not detected, the system
displays "No QR detected” and the entire device
process ends. If the QR code is detected, the system
proceeds with the checking process. After the checking
process is complete, the system records the obtained
data in the database, and the exam paper is stamped
with a "CHECKED" mark.

(Fig.3) Overall Process Flowchart

Figure 3 shows the internal process of checking the
exam paper. The exam paper will go through several
image processing techniques to extract the data and
compare it in the saved answer key from the database.
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Once the exam paper has been processed, the system
will save a digital copy of the corrected exam paper
with the total score obtained.

FCHEQUERSITE | LoGin | HEADER

HOMEPAGE

FUNCTIONS

ELETE DATA
IN TABLE

TE

ADD ANSWER

(Fig.4) Web Diagram

Figure 4 shows the interconnections of the functions
on the website. The user can access the homepage by
signing up or logging in to the site. The homepage has
eight parts, which are all connected to the homepage
where users can access them. They consist of the
following functions: the table for the imported data,
the add student function, the import, export, clear, add
answers key, generate answer sheets, and the preview
student exams. These are all accessible to users, and
the output is dependent on the user's input.

The proponents conducted several tests on the device
to assess its efficiency and determine the error rate of
the acquired data. The number of exam sheets used for
the testing is based on the calculated mean from the
bulk testing, considering several factors that affect the
device's accuracy, such as paper and marking quality,
lighting conditions, and environmental factors. The
researchers also adapted Precision, Recall, and F1
Score evaluation metrics to evaluate the performance
in terms of the accuracy of the device in comparison to
the manual grading. Below are the following formulas
were used:

Error Rate = [(Number of Errors/(Exam Papers x Total (1) Number of
Items)] x 100

Precision=TP /(TP + FP)

Recall = TP/ (TP + FN)
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F1 Score = 2 * (Precision * Recall) / (Precision + Recall)

Accuracy = (TP) / (TP + FP + FN)

Precision calculates the proportion of correctly
detected marks. According to Formula (2), the
precision equals the number of true positives (TP)
divided by the sum of true positives (TP) and false
positives (FP). Recall measures the proportion of
correctly identified marks out of the total marks.
According to Formula (3), the recall equals the number
of true positives (TP) divided by the sum of true
positives (TP) and false negatives (FN). The F1 score
is the harmonic mean of precision and recall and can
be calculated using the Formula (4) [10].

Ten (10) secondary-level teachers from the Science
Department at Pampanga High School completed
guestionnaires during the evaluation of the E-Chequer:
A Smart Exam-Checking Machine Using Image
Processing Technique. The questionnaires consist of
four (4) criteria on the device's functionality,
reliability, efficiency, and usability. To further
strengthen the evaluation results, the proponents
surveyed three (3) professionals, a Computer,
Electronics, and a Mechanical Engineer graduate. The
evaluation form answered by the professionals was
aligned with the ISO/IEC 25010:2011 evaluation
standard [11].

RESULTS AND DISCUSSION

This section consists of the output designs and
explains the analysis and interpretation of the study on
checking exam papers using Image Processing

techniques and its comparison to manual grading. It
contains the statistical results computed through error
rate and various evaluation metrics, such as Precision,
Recall, and F1 Score. Including also the teachers' and
professionals' evaluations accumulated through the
actual demonstration.

Paper Iray

(Fig.5) The Actual Device
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Once all of the hardware and software components are
combined, the E-Chequer is made: A Smart Exam-
Checking Machine Using Image Processing
Technique, as shown in Figure 5 above. The developed
device has three (3) separate enclosures connected to
each other, the paper feeder, camera, and outer roller.

(Fig.6) Design Project Architecture

Figure 6 illustrates the interconnections between each
component in the system. Based on the gathered
knowledge, the researchers constructed a fiberglass
case to serve as the device's frame. The design project
involved electronic equipment that operated using a
microcomputer.  The  system  employed an
ATMEGA2560 and a Raspberry Pi 4 Model B that
communicated with each other while relying on a
regulated 12-volt power supply that outputs 5 volts.
The roller, feeder, stamper, and LCD strip lights were
connected to the ATMEGAZ2560 integrated circuit.
The device utilized a 720p/30fps camera linked to the
microcomputer. The Infrared line tracking sensor was
also connected to the ATMEGA2560 and powered by
regulated 5 volts [12, 13, 14, 15].

ECHEQUER

Account: Teacherl  Home  Team  Logout

;;;;;;;;;;;

ECHEQUER

I T O TS

ECHEQUER Account: Teacherd  Home  Team  Logout
Swdent Humber Stuient Name.

st Ster

(Fig.7) Web Interface

Figure 7 shows the homepage screen of a web
application, which consists of three main sections.
Firstly, the Home Page comprises eight distinct parts.
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The Import button lets users import data from an Excel
file into the database. Users can import their student
list from an Excel file by clicking the Import button,
and the imported data will be displayed in a table on
the homepage. The table provides two actions: Users
can freely edit or delete each content and manually add
a student. Another element on the homepage is the
Export button, allowing users to download the table
contents, including student number, name, and score,
as an Excel file. The homepage also features a Clear
button, allowing users to erase the table contents. This
function is particularly useful when changing subjects
or students for assessment. The Generate Answer
Sheet button is another prominent feature, facilitating
the extraction of table contents to create a unique QR
code for each student. These codes are then transferred
to the answer sheet template, which users can
download. The answer sheet file includes the QR
codes and names of the students in the table. The Add
Answer Key button enables users to input the answer
key using buttons labeled with ABCD manually. It
also provides the functionality to verify the input
answers.

Furthermore, the Preview Student Exam button allows
users to view checked papers processed by the system.
Moving on to the second section, the Team Page
allows users to access information about the authors
and their curriculum vitae. Lastly, the Logout button
redirects users to the Login page when clicked. The
website supports the creation of multiple end-user
accounts, each having a separate database. The name
of the user account is displayed beside the Home tab.

(Fig.8) Testing of the Haar Cascade Algorithm

Figure 8 shows the testing if the image sensor can
detect the region of interest on the exam paper that was
trained through the Haar Cascade algorithm. Each
detected shapes or pattern will be labeled Cascade 1,
Cascade 2, Cascade 3, and Cascade 4. The Haar
Cascade training test conducted to determine and
locate predefined shapes on the exam sheets has
yielded remarkably accurate results with an
impressively low error rate of only three (3) percent.
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This level of accuracy is particularly noteworthy when
considering factors such as paper quality. Factors like
paper creases, texture, and ink smudges can introduce
variability and make accurate shape detection more
difficult. Despite these potential impediments, the
Haar Cascade training test achieved an impressive
level of accuracy, demonstrating the effectiveness and
robustness of the trained model in handling variations
in paper quality.

30 papers

N
g o TR i
v . O A "
20 pavers e 10 pavers

(Fig.9) Paper Bulk Testing

ol e
e 50 pavers 40 pavers
. &

The device can do bulk checking, and the scanning
rate is nine (9) exam papers per minute. To determine
the device's efficiency, the proponents performed a test
on the device, as shown in Figure 9 above. Each bulk
of exam papers underwent three (3) tests to determine
the average exam sheets the device could handle with
minimal feeding failure and paper jams.

Table 3: Bulk Testing

Number of Number of Paper Jams Nﬁ\r/r?gg?%f
Exam Paper Test1 Test 2 Test 3 Paper Jams
10 0 0 0 0
20 0 1 1
30 2 3 3 3
40 6 4 5 5
50 5 6 6 6

Average Mean 3

Table 3 shows the results of the performed testing on
the device's efficiency. The test obtained an average
mean of three (3) paper jams among the tested bulk
samples. The results indicated that as the volume of
papers increases, so does the frequency of paper jams.
However, some observed variations indicated that
factors other than the paper volume alone might
influence the occurrence of paper jams. The observed
factors contributing to the occurrence of paper jams
include the quality and condition of the paper used and
incorrect loading of the paper tray.
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Table 4: Error Rate

Exam Total Number of Items per Number of
Papers Exam Paper Errors
30 50 20

Error Rate = [20 / (30 x 50)] x 100
Error Rate = (20 / 1500) x 100 = 1.33%

Table 4 shows the device’s error rate calculation,
based on Formula (1), in checking exam papers. Based
on the 30 tested exam papers with 50 questions per
paper, the obtained error rate is 1.33%. The number of
errors indicates the total number of incorrect answers
or misclassified marks across all 30 papers. Thus, on
average, 1.33% of the answers or marks were incorrect
or misclassified by the device across the tested exam
papers.

Table 5: Precision, Recall, and F1 Score Evaluation

True Positive (TP) 1440
Number of —
Exam Papers 30 False Positive (FP) 0
False Negative (FN) 60

Precision = 1440/ (1440 + 0) = 1.0

Recall = 1440/ (1440 + 60) = 0.96

F1 Score =2 * (1.0 * 0.96) / (1 + 0.96) = 0.9796

Accuracy = 1440/ (1440 + 0 + 60) = 0.96

Table 5 shows the data and results of the Precision,
Recall, and F1 Score evaluation test. Based on the
calculated results, the device's precision is 1.0,
indicating that out of all the marks identified as correct
by the device, 100% were actually correct. The recall
is 0.96, indicating that out of all the correct marks in
the manual grading, the device identified 96% of them.
The F1 score, which combines precision and recall, is
0.9796, providing a single measure that balances both
metrics. These metrics mean that the device has
achieved a high precision, indicating a high percentage
of correctly identified marks out of all marks classified
as correct. The accuracy of the device, based on the
calculated Precision, Recall, and F1 Score in Formula
(5), is 96%. This indicates that the device correctly
identified and classified 96% of the total marks on the
exam papers, considering both true positive and true
negative cases.
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(Fig.10) Manual Grading and Device Grading
Comparison

Figure 10 shows the comparison of the Manual and
Device results in terms of checking and grading
exams. One of the primary advantages of the device is
its ability to process many papers quickly. In this
scenario, the device can check nine (9) papers in a
minute, which translates to approximately 540 papers
in an hour. Comparatively, manual grading takes
between 1 to 5 hours per paper based on the
preliminary survey results depending on the exam's
complexity and the grader's experience. With an
average class size of 45 students, using the automated
device can reduce grading time significantly. Using the
automated device, grading 45 papers would take
approximately five (5) minutes, whereas manual
grading could take anywhere from 45 to 225 hours.
While efficiency is an important aspect to consider,
grading accuracy is paramount in assessing students'
performance. Manual grading, although time-
consuming, allows teachers to thoroughly evaluate
each response, considering context, creativity, and
subjective elements. On the other hand, automated
exam-checking devices rely on predefined algorithms
and answer key matching, which may not accurately
grasp student responses' nuances and subtleties. As a
result, automated grading might overlook original
interpretations or penalize unconventional yet valid
answers. Therefore, it is crucial to balance efficiency
and accuracy when choosing a grading method.

In addition, automated paper grading offers several
advantages over manual grading in education,
according to Kumar (2020). Regarding speed and
efficiency, automated paper grading systems can
process a large volume of papers in a significantly
shorter time than manual grading. The developed
device can handle a maximum of 50 exam papers, and
the scanning rate is 9 papers per minute. This relieves
educators of the time-consuming task of manually
evaluating each student's paper. Besides, the
automated device provides an objective assessment
treating all papers equally, unlike manual grading,
which subjective factors can influence. Human graders
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can unintentionally introduce biases into their grading.
Developing an automatic checking device eliminates
such biases, promoting fairness and equal treatment for
all students. Furthermore, automated systems are
designed to minimize miscalculation errors, leading to
more accurate and reliable grading outcomes.

The device has been designed to deliver reliable and
efficient operation in optimal working conditions for
two (2) to three (3) hours. This duration allows for
effective and uninterrupted exam sheet processing and
offers convenience and flexibility to users. However, it
was observed that various factors can influence the
operating time. Good working conditions, such as
optimal temperature, adequate ventilation, and
minimal system stress, contribute to the device's
capability to operate for the specified duration.
However, the operating time may be slightly reduced
in more demanding scenarios or under less favorable
conditions.

One of the device's limitations is that it accepts
exclusively an A5 paper size and is limited to the
customized answer sheet and 50 items only. For the
volume of the exam paper, it can handle a maximum
of 50 exam papers in one go. However, based on
observed variations in the performed alpha testing (see
Table 6), the frequency of paper jams increases as the
volume of papers increases. It also indicated that
contributing factors to paper jams include the quality
and condition of the paper used and incorrect loading
of the paper tray.

Table 6: Assessment on the Functionality of E-
Chequer: A Smart Exam-Checking Machine
Using Image Processing Technique

Assessment on the Study Functionality Tab
E-Chequer: A Smart Exam- le 6
Checking Machine Using €
Aspect Image Processing Technique  ShoO
RS DR WS
The E-CHEQUER can easily the
process and mark 5 Highly Functional
exam papers. res
The E-CHEQUER can pon
accurately calculate the total 49 Highly Functional den
score for each exam paper. |
Average Weighted Mean 4.95 Highly Functional t's
ass
essment of the project design's functionality. The

computed average weighted mean is 4.95, which
indicates that the device is Highly Functional.
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Table 7: Assessment on the Reliability of E-Chequer: A
Smart Exam-Checking Machine
Using Image Processing Technique

Assessment on the Study Reliability

E-Chequer: A Smart Exam-
Aspect Checking Machine Using
Image Processing Technique
RS DR
The E-CHEQUER can
constantly check and 5 Highly Reliable
stamp exam papers.
The E-CHEQUER rarely
experiences errors or : :
mz?lfunctions that require 4.9 Highly Reliable
manual intervention.
The E-CHEQUER is easy to
troubleshoot and fix errors or 4.9 Highly Reliable
malfunctions.
Average Weighted Mean 4.93 Highly Reliable

Table 7 shows the respondent's assessment of the
project design's reliability. The computed average
weighted mean is 4.93, which indicates that the device
is Highly Reliable.

Table 8: Assessment on the Efficiency of E-Chequer: A
Smart Exam-Checking Machine
Using Image Processing Technique

Assessment on the Study Efficiency

E-Chequer: A Smart Exam-
Checking Machine Using
Aspect Image Processing
Technique

RS DR
The E-CHEQUER processes
exams faster than - -
traditional manual grading 5 Highly Efficient
methods.
The E-CHEQUER can handle
enough volume 4.9 Highly Efficient
of exams efficiently and reliably.
Using E-CHEQUER can save
more time - -
compared to traditional grading 5 Highly Efficient
methods.
Average Weighted Mean 4.97 Highly Efficient

Table 8 shows the respondent's assessment of the
project design's efficiency. The computed average
weighted mean is 4.97, which indicates that the device
is Highly Efficient.
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Table 9: Assessment on the Usability of E-Chequer: A
Smart Exam-Checking Machine
Using Image Processing Technique

Assessment on the Study Usability

E-Chequer: A Smart Exam-
Checking Machine Using
Aspect Image Processing Technique
RS DR
The E-CHEQUER has an intuitive
interface and 5 Highly Usable
is user-friendly for teachers.
The E-CHEQUER requires
minimal guidance as it is easy to 5 Highly Usable
learn and use.
The E-CHEQUER can work with
the existing tools and resources 49 Highly Usable
commonly used by teachers.
Average Weighted Mean 4.97 Highly Usable

Table 9 shows the respondent's assessment of the
project design's usability. The computed average
weighted mean is 4.97, which indicates that the device
is Highly Usable.

Table 10: Assessment of E-Chequer: A Smart Exam-
Checking Machine Using Image Processing Technigque
Based on ISO/IEC 25010

E-Chequer: A Smart Exam-Checking Machine Using
Image Processing Technique
Average Rating

Average Descriptive

Aspect Scale Rating
Functional

Stability 411 Agree
Performance

Efficiency 4.33 Agree
Reliability 4.22 Agree
Usability 4.33 Agree
Overall Average 4.25 Agree

Table 10 shows the assessment of the professional
respondents on the overall aspect of the device.

In summary, the overall rating for the design project is
4.25 out of 5. The results show that the respondents
AGREE that the device meets the standard features
and characteristics for property evaluation and serves
the needs of the stakeholders, and so holds value.

CONCLUSION AND RECOMMENDATION

In this paper, the E-Chequer: A Smart Exam-
Checking Machine Using Image Processing Technique
was developed to automate the process of checking
exam papers. The system undergoes specific processes
such as paper feeding, scanning, image processing, and
stamping to obtain the results from the checked exam
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Vol. 6, No. 1, (2023)

ISSN 2651-6691 (Print)

ISSN 2651-6705 (Online)

paper. The device can handle a considerable number of
exam papers. The device keeps working until no more
papers or errors are encountered and can provide
efficient operation in optimal working conditions for 2
to 3 hours. The website application has eight parts (see
Figure 9), accessible to users on different platforms
like mobile or desktop. The study results show that the
E-Chequer: A Smart Exam-Checking Machine Using
Image Processing Technique has achieved its
objectives and functional requirements. The device
obtained an error rate of 1.33%, a precision of 100%, a
recall of 96%, and an F1 score of 97.96%. The
accuracy of the device, based on the calculated
Precision, Recall, and F1 Score, is 96%.

The teachers find the project design functional,
reliable, efficient, and usable. With that being said, the
researchers concluded that this device would help
automate the process of checking exam papers for
students, contributing to a reduction in time and effort
compared to the conventional way of checking exam
papers.

Although the device can perform bulk checking,
the scanning rate is only nine (9) exam papers per
minute. Also, it only accepts A5 paper size and is
limited to the customized answer sheet and 50 items
only. For the volume of the exam paper, it can handle
a maximum of 50 exam papers in one go. The
contributing factors to paper jams include the quality
and condition of the paper used and incorrect loading
of the paper tray.

Those researchers who want to carry on or
improve the study in the future should consider
developing the following features: the device's
capability to process more than nine (9) exam sheets at
a time. It is also recommended to use a higher RPM
DC motor for faster feeding, improve the device's
ability to process a faster scanning of the exam papers,
and include a feature to stamp the total score on the
exam paper automatically. Also, future researchers can
consider customizing the software to allow the total
question items and types of exams to be adjusted for
different exams, implementing an item analysis feature
in the software, and a feature to save multiple answer
keys, allowing teachers to switch between subjects and
check exams more efficiently and quickly. These
recommendations can  enhance the device's
functionality, reliability, efficiency, and usability,
providing more flexibility and insights for teachers and
students.
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