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We describe the evolution of a system designed to allow 
digital grading, by a human, of traditional paper-based 
exams or homework assignments.  We present a number 
of new features that build upon the system described in a 
paper previously published in ITiCSE 2008 [1].  In 
particular, our system now has the ability to monitor an 
enormous range of data, from individual question 
scores, to variances for the same questions across 
different graders, to question and exam statistics from 
one semester to the next.  The system boasts a number of 
benefits over paper based grading. Overall grading time 
is reduced – small courses will see a modest 
improvement, while large courses can see their grading 
time cut in half due to the automation of many of the 
tasks: flipping to the correct page, summing up the 
pages, recording the grades, returning the exams, etc.  
Rapid grading of exams can also aid students in a better 
understanding of the material, as the exam questions are 
still fresh in their minds when the tests are returned.  
Simultaneous grading across multiple locations is 
possible, as there is no single paper copy to hand off to 
the next grader. Permanent digital records are kept of 
the exams, allowing for viewing of exams at a later date. 
 
Index Terms – assessment, evaluation, grading, tablet 
  

INTRODUCTION 

Educators spend a significant amount of time and energy 
grading paper-based exams in college courses.  Paper exams 
still remain a primary method to assess student learning in 
undergraduate curricula, as they have unique advantages 
that may never be replaced.  However, paper exams are time 
consuming to grade, tally, and record.  They are also 
difficult to keep records of, especially after they are returned 
to the students.  One alternative is electronic exams, which 
allow many of the time consuming tasks to be automated – 
entering the grades, returning the exams, etc.  However, 
challenges exist when administrating electronic exams, 
including ensuring that everybody has a secure computer for 
the exam.  Hence the prevalence of paper exams is expected 
to continue for quite some time. 

The system we present here offers numerous 
advantages over current grading methods.  The time taken to 
manage the grading (and re-grading) of exams is 
significantly reduced through the system – even for smaller 
courses – allowing for more time to be spent by the 
instructor and teaching assistants on other pedagogically 
important tasks, such as lecture preparation and course 

design.  Rapid grading of exams can also aid students in a 
better understanding of the material.  Traditionally, paper 
exams are returned a week (or more) later, causing there to 
be a temporal disconnect between when a student thought 
about and answered an exam question, and when they 
received feedback about the correctness of their answer.  
With our system, students can receive their graded exam 
back in much less time – as little 8 (eight!) hours, for 
example – when the exam question and their response is still 
fresh in their mind.  In addition, the electronic nature of the 
exams allows for simple archival of the exams, as required 
by many institutions, especially for final exams.  This is 
particularly relevant as accreditation requirements need to 
assess student learning on previous exams. 

The benefits of this system are not specific to a given 
discipline.  Indeed, our prototype is being used in two other 
engineering departments.  Any paper-based exam can be 
used with the proposed system.  The only requirement is 
that the bottom 2 inches of each page be unmarked except 
for the specialized footer. 

The system we describe in this paper is a fully 
functional grading system, to be available soon under the 
GNU (or similar) license. An exam is created with a 
specialized footer in the bottom 2 inches of the page, which 
allows for automated computer recognition. After the 
students take the exam, it is scanned in via a high-speed 
scanner, and graded on computers using digital ink via a 
tablet stylus or a mouse. The grading is done via a web 
browser, and no specialized software is necessary on the 
client system; the server system only requires a LAMP 
(Linux, Apache, MySQL, PHP) architecture. In addition, the 
system can store the exams locally on the client, to allow for 
grading when not connected to the Internet. The graded 
exams are then made available to the students electronically. 
Many of the time intensive functions that are necessary with 
paper exams, mentioned above, are no longer necessary. 

The merit of this system is to integrate the ease of 
paper-based exams with the functionality and time saving 
aspects of electronic exams. The benefits of both systems 
are merged in a way that advantages both students, faculty, 
and teaching assistants. 

 

RELATED WORK 

There is a growing body of research focused on 
developing better ways to manage exam grading.  This 
research has focused on a wide variety of topics, from how 
to interpret exams [2], to automatic grading of programs [3], 
to detecting plagiarism [4, 5], to grading systems [6]. A 
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Recently used textual 
entries are kept in a drop-
down box in the upper right, 
which is populated 
dynamically during the 
grading of a page.  This drop-
down box is shown in Figure 
3.  This allows graders to re-
enter previous comments 
without having to re-type the 
response.   

Grades are entered via the 
keypad on the right side of 
Figure 4, and once submitted, 
a new page will appear to be 
graded.  The system supports 
undoing of markings, as well as clearing of the entire exam 
page.   

The grading interface can be seen in Figure 4, below. 
 

 
Figure 4: Grader interface 

 
Although originally designed for a tablet (and originally 

designed for that tablet to display the exam in portrait 
mode), many graders have successfully used the system on a 
regular desktop PC in landscape mode.  Typically, these 
graders will use keyboard for textual input, and rarely enter 
line-based mark-ups with the mouse cursor.  From anecdotal 
evidence, speed with a PC is comparable to that with a 
tablet. 

In addition to the variation in class size, the grading 
varied significantly across the courses. In smaller classes, 
the instructor would also do the grading.  In larger classes, 
teaching assistants would grade along with the instructor. 
Some courses also had multiple professors who would pool 
the grading of exams.  Some exams were graded 
asynchronously, while others had grading sessions of 
multiple individuals who used the system simultaneously. 

Figure 5 shows one of the larger grading sessions that 
has been held to date using the system.  This is actually 
showing grading being done for two different classes 
simultaneously, totaling over 250 students.  There are 13 
graders, both teaching assistants and faculty, that are in the 
picture, and two more that are out of the camera’s field of 
view.  While not all classes are going to have this many 
students (or this many graders!), it shows that the system 
can easily scale to a large amount of simultaneous grading.  
There was no noticeable system delay during this grading 
session – each page submission takes about 2 seconds of 
server time, and the pages were submitted asynchronously 
by the graders. 

 

 
Figure 5: A very large grading session 

 
The ability to markup an exam page uses the 

<canvas> tag in HTML, which is only present in certain 
browsers.  Currently, only Firefox is used for this grading 
system, as it has support for this HTML tag.  Opera also 
supports the <canvas> tag, but we have not tested the 
system outside of Firefox.  The system works on Firefox on 
multiple platforms, including Linux, Mac OS X, and 
Windows. 

Once the grading is completed, the instructor has to do 
a few post-processing tasks.  These tasks are similar to the 
image recognition: they take a while for the system to 
complete, but can be left unattended. 

Finally, the grades are returned to the students.  This 
can be done via an e-mail sent to them with the secure pick-
up website location included, or integrated through a course 
management system (CMS).  The latter is the method we 
use at the University of Virginia, as we use Sakai/Collab for 

Figure 3: Recently used 
entry drop-down box 
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our CMS.  The resulting exam is a PDF file that contains the 
student’s scanned in exam (in grayscale) with all the 
markings overlaid in red, along with a cover page 
summarizing the score for that exam. 

The system also allows for ‘regrades’ – a comment 
entered by a student to request a higher grade.  These are 
optional (instructors must actively enable them), and when 
responded to, will modify both the exam score and the PDF 
file of the exam that the student receives. 

The server runs on a LAMP (Linux, Apache, MySQL, 
PHP) architecture and is portable to other Unix operating 
systems – it has also been run successfully on a Mac OS X 
platform. The majority of the system is written in PHP and 
provides a web-based interface with all of the system’s 
functionality (see Figure 2, above). The computationally 
intensive routines, such as the image recognition program, 
are written in C for execution speed. Javascript is the 
language used for client-side functionality. 

 

SYSTEM ADVANTAGES 

In addition to the ease of grading and the fast turn-around 
time, there are a number of advantages to this system that 
are not always readily apparent. 

The student’s identity can be kept anonymous through 
the use of a grading mask, which is a gray bar that appears 
at the top and bottom of each exam page, which is where the 
student’s identifying information is entered. This can be 
seen below in Figure 6.  This gray bar is configurable by the 
instructor. This prevents the grader from knowing whose 
exam s/he is grading, thereby eliminating the possibility of 
bias in the grading.  Furthermore, the exams are presented in 
a random order to the graders. Creation of any grading 
rubric is often a difficult task, such as with the AP exam. 
Typically, exam pages graded earlier are graded more or 
less harshly than exam pages graded later. While this can 
vary by instructor (some write a complete and 
comprehensive rubric prior to any grading), this is still an 
issue in computer science pedagogy.  Different graders can 
have different harshness criteria for grading. The random 
distribution of pages to a grader allows for increased 
fairness in the assignment of grades. 

Some aspects of cheating (but not all, unfortunately) are 
completely eliminated by the use of this system.  In 
particular, when a student will leave the answer blank and 
then fill in the answer afterwards, and claim that their 
answer was ’missed’ during the grading cannot be done with 
the system, as the student never receives his/her paper exam 
page back. 

In addition, the system can be used with regular 
homeworks, and is not limited to just exams. 
 

NEW FEATURES 

We present two new features not presented before: 
offline functionality and point-per-question grading. 

A useful feature of this system is that an entire stack of 
exam papers now resides electronically.  With the normal 
mode of using the system, an Internet connection is required 
for the submitting of an exam page grade and loading of a 
new exam page. 

Offline functionality allows for the grader to download 
an entire exam (all the student’s exam pages) onto a 
computer, and the grading process can commence without 
an Internet connection.  This allows for grading in situations 
such as on an airplane, where Internet is generally not 
available.  This functionality uses Google’s Gears plug-in to 
Firefox [11].  Google is stopping support for Gears in the 
near future, as the ability to load files onto a computer will 
be replaced as a feature in HTML5.  Once HTML5 is 
standardized in browsers, the system will be updated to use 
that ability as well. 

Since there is no Internet connection, some concurrent 
features of the system – such as preventing two graders 
from grading the same page – cannot be performed.  
Generally, the offline feature is used either when a grader is 
grading the entire exam himself/herself, or when multiple 
graders have previously split up who is grading which pages 
on a given exam. 

System response in offline mode is actually faster than 
online mode, as the computer does not have to wait for the 
data to be transmitted over the network.  Once re-connected 
to the network, the data is easily uploaded to the server. 

The second new feature is per-question grading.  
Previously, exams were graded on a per-page basis: 
meaning a score was assigned to each page, and not to 
individual questions.  The current system has the ability to 
award points on a per-question basis.  This can be seen 
below in Figure 6. 

A grayscale reproduction of this article may not render 
that image correctly, but the four boxes on the right side of 
the exam page are a gradient that transition from red on the 
left, through yellow, to green on the right.  The numbers to 
the right of the top three of these boxes are in red, and are 
entered by the grading system. 

With this functionality, each grader will click on the 
‘point box’ to award a value for that individual question; the 
points awarded for each question can be changed simply by 
tapping the box again.  Tapping towards the right will award 
more points, while tapping towards the left will award fewer 
points.  Once all the points have been awarded, the grade is 
automatically filled in on the form on the right, and the page 
grade can then be submitted. 

This feature allows for faster grade entry, as it only 
requires a single click instead of writing the points awarded 
for each question.  Furthermore, the points awarded on each 
question are saved, and can be analyzed later.  This allows 
for examining which questions students did the best or 
worst on, as well as comparisons between multiple graders 
on a single page.   

Unfortunately, this feature is so new that we do not yet 
have data to present statistics on it. 
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Figure 6: Grading page with masks and point-per-

question boxes 
 

DATA COLLECTION 

The system collects a significant amount of data.  In 
addition to keeping permanent electronic copies of each 
exam, the score for each individual page is recorded, along 
with who graded that particular page. 

With the introduction of the point-per-question 
functionality, data is now kept for each question graded on 
each exam.  This allows the instructor to see exactly on 
which questions the students performed well, and on which 
questions the students performed poorly.  Furthermore, 
variances across graders for the same page and questions 
can easily be obtained, so as to compare the grading of 
different graders.  This is especially useful in very large 
classes, where a given page is graded by multiple graders. 

If questions across semesters of the same course are 
similar enough that they can be directly compared (perhaps 
the same question, or a different question but on the same 
topic and with the same level of difficulty, etc.), then this 
data can be used to directly compare students between 
multiple semesters of the same course. 

All the exam scans, as well as the digital mark-ups, are 
stored electronically.  While the storage requirements are 
not small (average of 1 Mb per exam page), it is certainly 
within modern reasonable server storage requirements.  The 
storage of the exams allows for easy record keeping, even 
after the exam has been returned to the students. 

  Accreditation requirements often require departments 
to look at previous exams to evaluate student performance, 

student learning, and other aspects.  Use of this system 
allows for this to be done easily, as both the exams and the 
points awarded per question are kept long after the students 
have finished the course. 

In an effort to preserve student privacy, and to in 
accordance with FERPA, student records are only available 
to the student and the instructor for that class. 
 

RESULTS 

As of the spring of 2010, the system has been used in 37 
different courses with 110 exams (and other assignments).  
Course sizes ranged from 11 students to 501 students, the 
latter in a CS 1 class.  The average class size was 107 
students, and it was 81 if the two 500-student CS1 classes 
are eliminated.  About 4,000 students have taken tests using 
the system, but 2,700 unique users (students may take 
exams in this system across as many as 7 different classes).  
There are 9 faculty members actively using the system; most 
are in the Computer Science Department, but two other 
departments in the Engineering school are represented as 
well: Mechanical Engineering and Engineering Science.  
There are over 70,000 exam pages entered into the system. 

The actual act of grading – as opposed to the other 
administrative tasks – is generally as fast as, if not faster 
than, grading a paper-based exam.  This was measured 
subjectively – all participants who were asked this question, 
both teaching assistants and faculty, agreed on this claim. 
While the time to read a page and determine a grade is on 
par with the time taken on a paper-based exam, the act of 
moving to the next page is expedited significantly – it takes 
about 2 second to load up the next page electronically, 
versus the time spent moving to the next page with a paper 
exam. 

The administrative tasks associated with administering 
an exam are dramatically reduced.  There certainly is 
overhead with this system – scanning in the exams and 
fixing the image recognition errors, in particular.  However, 
this is offset by the fact that most of the tasks that are 
necessary for paper exams are completely handled by the 
system, including: tallying up each page, summing those 
results (and then checking that sum), entering it by hand into 
a spreadsheet, and returning the exam. 

The turn-around time – from when an exam is 
completed until it is returned to the students – can be 
dramatically reduced.  In the fall of 2009 in a class of 64 
students, the final exam was returned less than 8 hours after 
the students finished the exam.  While there were multiple 
people helping grade the exam, it was still a dramatic turn-
around time for an exam. 

Different instructors also had different methods for 
grading: some used tablet computers, while others used their 
desktop or notebook computers. For those that used tablets, 
the system used were 1 GHz Pentium machines, with 512 
Mb RAM, 768x1024 resolution, and Windows XP – these 
are the tablets shown in Figure 5. These tablets are slow by 
current standards, which caused the grading to take longer 
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than it would have otherwise. The server was a 3 GHz 
Pentium computer with 2 Gb RAM running Debian Linux.  
The tablets were connected to the server via a wired 
network and a dedicated Ethernet switch – we used a wired 
network for speed and stability reasons. 

We found that image recognition errors – errors 
recognizing the bubbled userids on the exam footers – 
ranged from 0% to 10% of the scanned exams, but averaged 
about 7%.  The variability depended largely on how well the 
students were instructed to enter their userids. 

  The first use of the system took some additional time, 
for both faculty and the graders, to learn the system 
interface and become accustomed with entering the marks 
on the exams.  This was not unexpected, as any new system 
has a learning curve.  Successive grading sessions 
eliminated this training time. 

Subjectively, the graders and faculty involved felt the 
system made the entire process easier to manage and grade 
the exams.  Indeed, faculty with classes as small as 11 
students used the system.  Other instructors who used the 
system reported a perceived decrease in overall grading time 
ranging from a minimum of 25% up to 50%. This was true 
for both large courses that had multiple graders and 
individual instructors who were grading the exam alone.  
The decrease in time was due to the fact that many of the 
tasks required for paper-based exams were done 
automatically (summing up the grades, etc.). 

Objectively, there is little additional data to provide, 
other than the image recognition error rate described above.  
This system is designed to make the grading process easier, 
and the success of this goal is provided mainly through 
subjective assessment. 

 

FUTURE WORK 

This is an evolving system, and there are many 
improvements that we want to make. 

We plan to shortly release the source code into the 
public domain under a GNU (or similar) license.  We have 
some issues that we plan to complete prior to this: a few 
stability fixes, better documentation, a proper unit testing 
framework, and commenting of the code. 

Much of the functionality of the system requires 
specific software – Firefox for the browser, and Google’s 
Gears plug-in for the offline functionality.  While Firefox is 
readily available (and easy to install!), we plan to make this 
system work on multiple browsers (Opera, Internet 
Explorer, etc.).  With the adoption of HTML5, the code that 
uses the Gears plug-in can use the new features of HTML5 
to implement the same offline functionality. 

Increased adoption is a focus as well.  We plan to scale 
up usage of our system: first growth within our department, 
then within our school, then to other institutions.  As the 
system grows, an online community will grow to support it 
as well. 
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