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Abstract

We developedirTransNote a computer-mediated classroom collaboration system. The system en-
ables real-time note-sharing. AirTransNote manages notes written by students on paper and enables the
teacher to browse through the notes or show them to the students. AirTransNote can analyze students’
answers, helping the teacher better understand their problems. The system is not meant to provide an
alternative to the conventional way of instruction; rather, it is designed to enhance class interaction. We
conducted a preliminary study using questionnaires and found that this system can be feasible to apply
for classroom environment.

1 Introduction stand the content of lectures. Yet in this approach,
the use of computers in the classroom is limited.

In the last decades, many educational institutions We believe that the main purpose of using

have started to introduce computers into the classeomputers is to promote interaction among stu-

room. Most schools in Japan already have PCdents and teachers and create a collaborative learn-

rooms for computer literacy classes, collaborativeing environment. To enable student participation

activities, and individual study. However, comput- in computer-mediated learning, classrooms must

ers have not yet become part of everyday schoobe equipped with a sufficient number of comput-

life because they can seldom be used outside thers. However, there is usually not enough room in

PC room. a typical classroom to install computers for all stu-
There is an increasing interest among schooldents. Also, devices such as PCs and PDAs which

professionals and administrators in using comput+equire special skills to operate are not appropriate

ers for everyday classes. For examflee Com- for students.

puters in Education project in Japaji] is de-

signed to promote the use of network-connected

computers and LCD projectors inthe regular class2 ~ System “AirTransNote”

room. Computers are used to show digitally

the main points of lectures through images, shortWe developed a computer-mediated collabora-

video clips, animation, and other applications. Thetive learning system called AirTransNote. Air-

use of computers for demonstration purposes isTransNote is designed to augment the traditional

justified because it helps students better underway of communication in the classroom. Air-
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Figure 1: Transmitters in AirTransNote. The rectangle indicates the
area on which the student should concentrate.

TransNote is similar to systems designed forwith a wireless LAN device. The digital pen con-
chat-augmented conferenc®ls[ We believe that sists of a sensor, an IrDA relay, and a regular pen.
the system can be incorporated into conventional The transmitter works as follows. Using a clip,
classrooms to become part of everyday class intera student attaches a sheet of paper to the sensor and
action and learning. connects the sensor to the IrDA relay. Then the
AirTransNote enables real-time sharing of student arranges the IrDA relay and PDA in such a
notes. When a student writes notes on a regulaway that an infrared connection is established.
sheet of paper, the handwritten data are immedi- Basically, the transmitter is designed to free
ately sent to the teacher’s computer. In our currenthe student from the need to operate the PDA dur-
implementation, the transmitter in AirTransNote is ing class. The only operation the student needs to
a PDA with a wireless local area network connec- perform is pressing a hot-key on PDA at the begin-
tion and a digital pen. The digital pen is a device ning of the class. The hot-key wakes up the PDA
which is used to write notes and scribbles on pa-device and activates the AirTransNote transmitter.
per. The pen enables recording the coordinates of When the student puts the pen down, ultra-
notes and the timestamp in digital form. The notessonic waves are generated from the tip of the pen.
are stored into the local memory of the PDA first, The sensor recognizes the waves and calculates the
and then the notes are transferred to PC by an exeurrent position of the pen tip. The tip position is
plicit operation for synchronization. AirTransNote transmitted to the PDA via the IrDA relay. Finally,
stores data into the local memory of the PDA for the PDA transfers the data to the server through
backup purposes, but the data are sent to the servéine wireless LAN device.
in real time. Successive transfer of data improves
the effective_ness of communica_ltior?. We used thisz_z Manager (server)
feature for interactive communication among the
teacher and students. Figure2 shows the note-browsing interface of the
AirTransNote manager. Transmitted notes are re-
ceived by the manager, who immediately updates
the browser by adding the notes to the correspond-
Figurell shows the transmitter of AirTransNote. ing student panel. The teacher can use the browser
It combines a digital pen (InkLing]) and a PDA  not only to check the students’ progress, but also

2.1 Transmitter (client)
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Figure 3: Zoomed-in view of notes over-

Figure 2: Note-browsing interface in the lapped with a printed-paper image
AirTransNote manager

to show them the notes with explanations. used, for example, in geometry class, helping the
The student panels have the form of a regularteacher evaluate students’ drawings. The teacher
paper sheet. When the teacher activates a studertin zoom in on a particular answer, explain solu-
panel by clicking on it, the browser zooms in onto tions, and comment on student answers and draw-
the activated student panel. The zoom level and foings.
cus can be easily adjusted by using FlowM@hu[ Although the interface of the manager is fairly
and a mouse with a wheel. So that the class couldophisticated, there is still not enough time for the
better understand the notes, they can be displayettacher to check the work of all students during
in an image of content printed on the answer sheet class period. We thus added an analysis func-
(see Figuré8). The teacher can choose the imagetion to AirTransNote. This function provides auto-
and apply it using a page chooser (bottom left cor-matic recognition and presentation of results. We
ner in Figure2). implemented the recognition module based on a
The upper left corner in Figur@ shows the simple region-matching algorithm; two visual pre-
connection status of each client (a student num-sentation modules enable viewing the results in ta-
ber filled by yellow color means connected). The ble or graph form. These modules can be used to
status window is also used for shortcuts to turncollect results of a multiple-choice questionnaire
on an activated student panel by clicking on theor to check students’ progress on paper tests. Fig-
corresponding student number. When the teacheurel4 shows a graph view and table view of a result
uses this shortcut, the view in the current studentgenerated by the modules. Both the graph and ta-
panel is preserved in the new activated panel. Théle views are constantly updated to reflect the lat-
teacher can easily zoom in on part of the answerest results in the recognition module. The table
sheet in each student’s panel by selecting a shortrows can be sorted by specifying the needed col-
cut. Panning, zooming, and switching operationsumn. The teacher can transfer the data in the table
are performed with smooth animated transitions ininto a cvs file.
the note browser. The analysis function is useful because it helps
In addition to the notes, a timestamp of stroke the teacher quickly understand the progress of
can also be used for a time-based presentatioreach student. Based on the responses, the teacher
AirTransNote can replay notes at different speedscan control the speed of the lecture. Also the man-
which enables time-based visualization of notes.ager can issue commands to play sounds at the
The teacher can draw students’ attention to a partransmitter’s side. This function can be used to
ticular answer by using a time-line bar. inform students of test results as soon as they be-
AirTransNote can be used to present ideas andtome available.
solutions through note-sharing and it is particu-
larly useful in the classroom. This system can be
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Figure 4:Summary of questionnaire results presented in graph and table
forms.

2.3 Advantages In a classroom with many students, it may
not be possible for the teacher to pay close at-
tention to every student. Our system solves this

The most useful feature of the paper-centric ap-Problem by providing the teacher with a means to
proach is that it frees the student from the need tocheck students’ work. By viewing test results pre-
use digital devices while preserving the traditional Sented in graph form, the teacher can see which
style of teaching with paper and pen. The goalstudents failed to solve which problems and can
of computer-mediated learning is to maximize the direct his/her attention to those students. A de-
efficiency of the learning process and facilitate tailed log can be used to categorize test mistakes
the acquisition of knowledge by using technol- and problems so that the class could go over them
ogy, not to make the student acclimate to the dednthe future. This is also advantageous to students.
vices. Most conventional PC- or PDA-based learn- ~ The system consists of a digital pen device
ing technologies require that students use elecWith a PDA, a wave-LAN station, a projector, and
tronic devices. As a result, students who are notd PC for the teacher. Assuming that both the dig-
familiar with such devices may be at a disadvan-ital pens and PDAs have been distributed among
tage. Our system based on the paper-centric apthe students, and the wave-LAN station has been
proach provides collaborative learning functions installed in the classroom, the system can be set
with a natural interface that is easy to use. up very quickly.

2.3.1 Advantages to students

2.3.2 Advantages to teachers 2.4 Implementation

We respect the traditional way of teaching and aty 4 1 Transmitter (client)

the same time believe that it should be enhanced.

Our system is designed to supplement the tradiAWe developed the transmitter using Microsoft eM-
tional teaching style with real-time collaboration. bedded Visual C++ 4.0. The transmitter runs on
Teachers can use our system to supplement tha Pocket PC 2003 with an IrDA port. To collect

more conventional instruction tools such as papernotes created with a digital pen, we used InkNote
based lecture materials. Manager SDK made by Seiko Instruments USA
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Figure 5:Snapshots of a transmitter

Inc. The first prototype of the transmitter had a fault marks in the corresponding areas of the pix-
preference window which allows a user to set theels. The marks can also be generated manually,
server IP address and student ID (Fighréa)),  with reference to actual notes. After generating
a log confirmation window (Figurél (b)), a note  and grouping the marks, the teacher sets values
viewer (Figure5 (c)), and a calibration wizard for each mark and stores them in the book file.
(Figure5 (d)). However, we found out that this When the teacher opens the book file, the recog-
prototype required the student to tap the touch-nition module activates the marks.
sensitive screen with a stylus and was thus diffi-
cult to use. The revised system was designed to
work without a stylus. The software of the trans- 3 Related work
mitter automatically checks the current IP address
and connects to an appropriate server. Much of the previous work on sharing handwritten
It is difficult to setup a server IP address and notes and their applications in e-learning has been
student ID for each transmitter via the preferencebased on a device-oriented approach. NoteBals[
window. We therefore implemented an adminis-7] is a PDA-based note-sharing system that cap-
tration tool. We added the transmitter to the servertures, and provides access to, handwritten notes
port for initial configuration. The administration and documents of interest to a work group. Notes
tool first finds the transmitter, then connects to thein the shared repository can be reused by other
port and configures the devices in a remote operpeople. Landay/d] integrated CrossPédwith
ation. It also performs version control of the sys- NotePals but the system requires synchronization
tem and re-installment of transmitters. The serverto upload notes. In addition, CrossPad is not the
IP address and student ID are stored in the systerfest system for daily use in current Japanese class-
registry key of PocketPC. rooms because of its size and weight. SEGODON-
PDA [9,/10] also uses a PDA as a medium for note-
sharing. SEGODON-PDA provides both keyboard
input and tap-based input for efficient note-taking.
The manager is implemented on Java2 with zoom-Students download class materials using a PDA
ing toolkit Piccolo B]. We designed the interface connected to a wireless LAN, and to share a win-
for both the pen and the mouse, because large disdow of text editor with a cursor for presenta-
plays with a touch sensor panel may become mordion. SEGODON-PDA promotes overall learning
common in the near future. including class preparation and review, but it re-
In order to show notes in paper sheet imagesgquires a higher level of PDA operating skills than
the teacher needs to prepare the sheet images isirTransNote. Tamura and colleagues developed
advance. An arbitrary image file such as JPEGan e-learning system based on TabletPC and tested
or PNG can be converted into a “book file” for- it in elementary schoolslfl]. This was done as
mat. The book file also stores some marks forpart of a project initiated by the Center for Ed-
recognition purpose. If the sheet image includesucational Computing (CEC) in Japan. The sys-
pixels of non-gray colors, the editor generates detem provides an automatic recognition engine that

2.4.2 Manager (server)

Yhttp:/lwww.research.ibm.com/electricink/
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Figure 6:Feasibility study

recognizes both numbers and Japanese characteteacher explained each question.

The system enables interactive responses to digital At the beginning of the class, we distributed

content. But this system also implies a matter ofdigital pens and PDAs, and explained how to use

deployment in classroom environment. them. The instructions were given in five min-
The system most similar to ours was describedutes because of limited class time. We used a

by Maruyama and colleague2]. This system 3.2-GHz portable notebook PC as a server and

was developed by Hitachi Public System Service40 PDAs (Pocket PC 2003, IEEE802.11b wire-

Co., Ltd., in another CEC project. The system less LAN-enabled) as transmitters. The server was

uses Anoto Pénto record student answers, and connected to a local private network by using a

the data are synchronized among computer cra100-base-TX LAN interface.

dles. This system is also based on a paper-centric We asked the students to respond to a ques-

approach and does not require the use of PDAs tdionnaire in the last five minutes of the class. The

transfer note data. However, it requires the use ofjuestionnaires included both multiple-choice and

paper with a special dotted pattern, and the data arepen-ended questions (see Taljle

not updated continuously. In addition, the task of

connecting many cradles to the teacher's PC can

be difficult and time-consuming. Bayon and col- Result

leagues|13] also point out that the cost of con- N ¢ the 40 stud had bl ina th
necting devices together is high in a real-world one ofthe 40 stu ents. ad any trou e using the
system, except for the initial connection set-up.

school environment. AirTransNote has thefollow—O t the students d doodles. but he st q
ing three advantages: (1) it enables real-time up- he ot the students dreéw doodles, but e stoppe

dates, (2) it minimizes the set-up time, and (3) it after the teacher grased the doodles on the screen.
can be scaled to accommodate a different number . We were worried about the bandW|d.t h of the
of clients. wireless network—whether it was sufficient to
cope with note data from 40 transmitters. But
the system worked without any problem. It is a
L L benefit of the stroke data size which is relatively
4 Preliminary feasibility study small. Figure6 (a) and (b) show scenes from the
class. The teacher showed individual students’ an-
To investigate the effectiveness and practicabilityswers to the class and explained solutions. How-
of our system, we performed a preliminary feasi- ever, contrary to our expectation, the teacher sel-
bility study with 40 subjects. All subjects were dom used the computer display for browsing. The
first-year high school students (16 males and 24teacher preferred to look at the students and their
females). We chose a math class (each class panswer sheets to specify typical answers for expla-
riod is 45 minutes). The students first worked on nation. This means that the browsing interface in
printed questions with digital pens, and then theour system is still difficult to use in the real world.

2http://www.anotofunctionality.com/navigate.asp
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Table 1:Questionnaire items

Q1. Didyou enjoy the system? Yes5,4,3,2,1>No
Q2. Didyou feel stress while using the system? ¥é54,3,2,1>No
Q3. Did you feel uncomfortable using the system? ¥és4,3,2,1>No
Q4. Do you want to use the system again? ¥Yés4,3,2,1>No
Q5. Do you think that replaying notes using a time-line bar

can be helpful to you and the teacher? ¥&54,3,2,1>No
Q6. Do you think that this system improves the quality of learning? ¥e4,3,2,1>No

100% £ 1
bij 2
= 2 7 4 5
4 5
80% 1 6
17 4 6 0
60% - 9 6
17
10 17
40% A 11
21 19 P
20% - 14 16
10
6
0% T
enjoyed felt stress  felt uncom- want touse replayingis  improves
fortable again helpful quality
O5(yes) O4 0O3 0O2 0Ol (no)

Figure 7:Questionnaire results

Although improving the browser interface is one To provide feedback to students, the teacher
solution, we should also look for ways of focusing can use the display of the PDA, and this function
on to the student panel in a natural way. is implemented in our system (see FigiE€c);

The questionnaires (see Figufeshowed that an annotation is shown in red), but this solution
most of the students were interested in the systenis not perfect because it does not free the student
and enjoyed the session. Some students were sufrom the need to use electronic devices and it is
prised by the system and digital pen devices. How-not suitable for a paper-centric approach. In addi-
ever, more than half of the students in the class saidion to this, the teacher does not have enough time
they were not comfortable with sharing their notes,to manually reply to all answers during the class.
particularly when they did not know the answer. The feedback should also be presented in the same
This feeling of uneasiness was emphasized by th@lace of the paper.
properties of the pens we used. Because the pens
were ball-point pens, the students could not erase
their answers. We believe that the system is usefu5  Conclusion
but the difference of the pen is quite important to

students. We developed a paper-centric collaborative learn-
To improve the system, we need to considering system called AirTransNote. AirTransNote is
the following issues. designed to augment the traditional classroom in-

« How to ensure consistency between notes onstruction and enhgnce st.udent.—teacher interaction
paper and digital data and at the same timethrough note-shqrmg. L{smg this S}/stem, teachers
allow students to erase their notes. can closely monitor th_e_lr students’ process. The

system has a recognition module that helps the

e How to present to students the teacher’'steacher summarize class progress as well as ac-
feedback in the form of advice, annotations, tivities of each student. The system is also use-

and comments. ful to students because it improves the quality of



the learning process by making it possible for stu-

dents to share ideas, solutions, and activities. Our

preliminary study indicates that this approach to
learning in the classroom is feasible. We believe

that the paper-centric approach is appropriate be-

cause the pen minimizes the amount of cognitive
effort required by the use of specific devices and [7]
maximizes collaboration through note-sharing. In
the future, we want to improve the recognition
module to better support teachers.
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