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ABSTRACT

Comparing online and paper-based environment for report submission and correction, the former supersedes to the latter, since (1)
the turn-around time becomes shorter, (2) teaching opportunity increases, and (3) as a consequence, the student’s achievement level
becomes higher in the online environment. In this paper, we propose an annotation tool GABA for PDF document in order to
reduce correction time by the teachers and to facilitate instruction to students. In a usual class, the same or similar assignments
are given to the students. Then it is often the case that many students make similar mistakes. A teacher can register and classify
common correction comments to GABA.  Report correction time becomes significantly shorter by reusing the registered comments.
GABA also provides various support functions in order to assist efficient checking of numerous report files such as (1) sorting of

frequently-used comments, (2) similarity-based file sorting, and (3) cross tabulation of comments using category and weight.
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1. INTRODUCTION

It is important to give assignments to students and to review
and correct reports submitted by the students at a college level
education in order that the students carry out in practice what
they have learned. Student’s achievement level will become
higher, as the feedback from the teacher is more concrete and
detailed. However such reviewing and correction of the
submitted reports requires much time and effort of the teacher
so that a student may not have enough feedback if the teacher
has many students registered to the current course.

As e-learning become popular, more assignments are given
through an online environment and more reports are submitted
electronically. Comparing an online report submission and
feedback environment with traditional offline environment, the
online environment is better than the offline one since (1) the
turn-around time becomes shorter from the student’s viewpoint,
(2) the opportunity increases to teach students, and (3) as a
consequence, the student’s achievement level becomes higher
in the online environment [1].

In this paper, we develop an annotation tool GABA for PDF
document and combine it with Moodle assignment module in
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order to reduce correction time by the teachers and to facilitate
instruction to students. It is easy to generate PDF file from
various types of reports such as Latex/Word document,
PowerPoint presentation, C++/Java program and UML
diagrams. Thus GABA can be used to a wide variety of
reports. In a usual class, the same or similar assignments are
given to the students. Then it is often the case that many
students make similar mistakes. A teacher can register and
classify common correction comments to GABA. Report
correction time becomes significantly shorter by reusing
comments. The list of registered comments is a set of
checkpoints for report evaluation so that the fairness of
evaluation is achieved simultaneously.

Adobe Acrobat Professional provides the annotation/review
tool in order to add various types of annotations (note, text,
etc.) to arbitrary places of a PDF document. However the user
needs to type the comment text using keyboard. GABA
extends this function by utilizing Acrobat SDK [2]. In
addition to the comment registration and insertion functions,
GABA provides the following support functions to facilitate
review, correction and evaluation of the reports.

1. Classification of the registered comments.

2. Sorting of comments using frequency in order to speed

up the insertion of the frequently used comments.

3. Retrieval of the similar reports of the current report in

order to reuse the annotations of the current report.

4.  Cross tabulation of the used comments according to the
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category and the importance level of the comment.
This function is used to evaluate the current report and
to analyze the achievement of the entire class.

GABA has advantages over related annotation tools.
Conventional report annotation system such as CoCoA [3]
requires installing custom software to the teacher’s and
student’s computers. It is often the case that the target
document format is restricted. Although it is known that
annotation is useful for knowledge sharing [4], many
educational applications focus on annotation to the teaching
materials such as lecture note, handouts and slides.

This paper is organized as follows. We introduce GABA
and explain GABA annotation functions in Section 2. In
Section 3, we discuss the evaluation of GABA annotation
function. Other support functions of GABA are explained in
Section 4. Section 5 introduces the report submission and
feedback system using Moodle assignment module. The
system is used to efficiently manage submission, correction and
feedback of the reports.

2. GABA ANNOTATION FUNCTION

We developed GABA as a plug-in of Adobe Acrobat
Professional. GABA is installed at the plug-in folder of
Acrobat. GABA is developed using Acrobat SDK and C++
programming language running under Microsoft Visual Studio
2010. Acrobat SDK provides various APIs to customize
menu, to access PDF document, and to handle events [2].

GABA has two types of functions: annotation function and
support functions. We shall introduce GABA and explain the
annotation function in this section.

GABA can be used to put comments to various PDF
documents. GABA maintains correction comments classified
by categories. A user, usually a teacher, first adds empty
comments to a PDF document using the annotation function of
Acrobat Professional. The user then selects an annotation to
choose a category and an associated comment from the GABA
menu (Fig. 1). The GABA menu contains submenus
corresponding to the categories. The category submenu
contains comments belonging to the category. GABA inserts
the selected comment to the annotation. A user can add any
number of comments to an annotation.

The user can register a new category or comment to the
GABA menu by selecting the corresponding menu item. The
category name is specified at a dialog box. A comment is first
added to an annotation and then can be registered to an
arbitrary submenu. The user can associate an integer (weight)
to each comment in order to describe the importance of the
comment.

When a user opens a PDF file, GABA reads the correction
comment file and category file to build the GABA menu. The
correction comment file is a CSV file containing comment title,
comment text, category id and the weight of each comment.
The category file is a CSV file containing category id and
category name. The two files are stored at the same folder as
that of the PDF file so that the teacher can easily switch the set
of correction comments and categories for each folder by
creating folder corresponding to each assignment.

FREE FTW X0 HRQ 7460 vouD FRAVAMAE tqE70 ANIH  SELEHERRE

tos e Gl orintias - @lpnl - ()| FRCBECESISHRNAS RS e ST B0l
— - ——— SR TLR JosssEs X
= R P [tis N S L RSk AL O
Fods LD Cks OX FOHSAE—EL A=F Wb
BN EEH B
RTINS, BITRULSOLRILANT % Fome A
b b R : & 5
Mt R 5
258 ; 20077055298 s

#inc|ude<iostrean>
#inc ludedfstream>
#includedstring>
#includedstdio. h>
#inc lude<map>

using namespace std: GABR FIuay -
CER LY @A ESEDIE

[SEEz 2D11/UZ/17 Category
- L

« =K =] URERT ijoeng sizziE

b = R0t P

#define SHON O / o ~

#define SHON SORT 1 )

#define MAX 2 T

#define CHANGE 3 1 RS,

#define END 4 / B LU=T

Fdefine N 10 SR AT TV TFIE S Lt Annotation
* I53ADER b.d

* . y

// dagekiResult® % 5 A (&)

Fig. 1 GABA User Interface

Table 1. Example of GABA Categories and Comments

Category # of Comments
Miscellaneous 6
Coding Format 9
Algorithm 10
Routine 2
Constant and Variable 10
Data Structure 5
Statement 6

Since the comment and category files are CSV files, they can
be easily created and edited using spread sheet software such as
Microsoft Excel. It is desirable to predefine categories and
comments before the report evaluation. One reason of this is
to assure fairness of report evaluation by the teacher and the
teaching assistants (TA). The other reason is that better report
will be produced by the students by disclosing the categories
and comments as evaluation criteria. We illustrate predefined
categories and the comments in Table 1. These are used to
evaluate C++ program as illustrated in Fig. 1. These
comments are defined based on our guidelines for C++
programming [5].

In order to speed up the operation to add comments to an
annotation, keyboard shortcuts are assigned to each category.
The shortcut keys are selected within the area of the left hand.
The user inserts comments using pointing device. A user can
select an annotation by the right hand (using mouse) and can
insert a comment string using the left hand. Such separation
is useful to speed up the comment addition operation.

GABA also provides right-click menu which a user can
quickly select GABA menu. The right-click menu appears
when the user selects an annotation. The selected comments
are inserted to the end of the annotation so that the movement
of the mouse cursor is minimized.

3. EVALUATION OF GABA ANNOTATION FUNCTION

We compare the operation time for comment addition using
Acrobat 8 and GABA. We assign 10 PDF files to 9
examinees. The PDF files are C++ programs of
approximately 350 lines (5 pages). There are several degrees
of completeness among the programs. Among the examinees,
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6 are professors and 3 are graduate students having experience
as TA. Since we intend to evaluate the operation time and do
not intend to measure the time to consider comment text, we
give instructions to the examinees about comments and their
places for each program. Fig. 2 illustrates the required time
and the number of correction comments for each pair of
examinee and program.

It can be observed that the required time grows according to
the growth of the number of comments. In case of Acrobat 8,
the correction time grows 52.2 seconds for each comment.
On the other hand, the correction time grows only 11.5 seconds
for each comment by using GABA. The standard deviation of
the time is smaller for the case of GABA. This is mainly
because that the examinees do not require typing of comment
text when the comment is registered to the system.

We also collect opinions of the examinee of the above
experiment. All examinees agree with the effectiveness of
GABA. They also admit the convenience of the right-click
menu. We also have the following comments from the
examinees. The GABA support functions are designed based
on the comments.

e It is desirable to provide the sorting function of the

comments by the usage frequency.

e It takes time to understand correspondence between
category and comment. Comment addition becomes
faster after the examinee understands the correspondence.

* It is desirable to show a list of candidate comments when
the examinee selects some text of the PDF file.

4. GABA SUPPORT FUNCTIONS

Considering the comments collected from the examinees, we
improve GABA usability by developing various support
functions. We shall explain such functions in this section.

Sorting of Frequently-used Comments: GABA maintains a
LRU (least recently used) queue of the comment usage and
shows the list of frequently used comments at the GABA menu
(Fig. 3). Frequently used comments are also shown at the

right-click menu. This function is useful to quickly add
frequently used comments. Comment addition time from the
quick access menu is 45% of the time from the regular GABA
menu according to our evaluation result.
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Fig. 3 Quick Access Menu for Frequently Used Comments

Similarity-based File Sorting: GABA computes similarity of
the PDF files stored in the current folder. The user can view a
sorted list of files based on the similarity to the current file.
We have observed that similarity of the comments associated to
a file increases according to the increase of the file similarity.
Combination of the sorted list of similar files and the quick
access menu for frequently used comments is useful to
maximize comment reuse and to reduce comment addition cost.
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Fig. 4 Similarity-Based File Sorting

The similarity score between files is calculated as follows.
At first, we summarize the characteristics of each file using a
hash histogram. Considering a file as a string, a hash value is
calculated for each fixed length substring starting from each
character of the file. The hash histogram is defined by the
number of substrings corresponding to each hash value. The
similarity score is then calculated by the correlation coefficient
between the two hash histograms.

Cross Tabulation of Comments using Category and
Weight: Each registered GABA comment is assigned an
integer weight. GABA provides cross tabulation of the
number of comments using category and weight (Fig. 5).
Such cross tabulation is useful to evaluate the current PDF file.
GABA also provides cross tabulation of the comments added to
the files of the current folder. Such cross tabulation is useful
to understand the degree of achievement throughout the class.
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5. ONLINE REPORT SUBMISSION SYSTEM

An online report submission system is necessary to fully
utilize GABA. This is because (1) students can submit reports
at any time and place, (2) the teacher’s load is minimized to
receive the reports and to return the corrected reports, (3)
students can receive the corrected report as soon as possible,
and (4) the received reports and the corrected reports are stored
for future reference.

We use Moodle assignment module to satisfy these
requirements. The overall structure of the online report
submission system is illustrated in Fig. 6.
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Fig. 6 Overall Structure of the Online Report
Submission System

The teacher can add an assignment at any week of the Moodle
course page. FEach assignment page contains assignment
name, assignment description (e.g. instruction to students),
grading scale, due date, assignment type, etc. If the teacher
selects “advanced uploading of files” assignment type, it
becomes possible to return a response file to each student.

Each student uploads the report file (PDF format) from the
assignment page. Since each student registers to the Moodle
course at the beginning of the semester, it is possible to manage
each student separately.

The teacher can download the submitted report files at the
teacher page of the assignment. The page contains the
information of the submission date and time of each report so
that the teacher can easily know the students who do not
submitted the report or who missed the submission deadline.
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GABA is then used to check the downloaded reports. The
corrected reports are returned to each student as the response
file through the assignment page (Fig. 7). The evaluation
result is notified to each student at the same time. An online
report submission system allows both of the teacher and
students to have a copy of the report files before and after
correction.  This is useful to systematically accumulate
evidence for accreditation such as ABET (USA) or JABEE
(Japan).

6. CONCLUSION

We are using GABA in combination of Moodle. Students
have their own note PC and submit PDF reports using Moodle
assignment module. It is easy to create PDF report from
various types of applications so that we use GABA for lectures
other than computer programming. Our Moodle site can be
accessed from the internet. Teachers check the reports using
GABA and return the annotated reports using Moodle. The
annotated reports are also used as the evidence of the
evaluation and accreditation of our education program. In this
sense, combination of GABA and Moodle is a powerful tool for
quality assurance of higher education.

Future topic on this research includes automatic checking and
annotation of the submitted reports.
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