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Abstract—This Research to Practice Full Paper presents a
distributed pair exercise system for network construction with
a dialogue support function. In a certain type of network
construction exercise, each of the two learners pairs up and
constructs networks. One member of a pair, called driver,
operates network components, while another member of the
pair, called navigator, checks the driver’s work. Several exercise
systems realize environments where learners in distant places
carry out network construction exercises using virtual machines.
However, there are two problems associated with such network
construction exercise systems: 1) it is difficult for the members
of a pair to edit a common network at the same time and 2)
it is difficult for the members of a pair to share attention areas
efficiently. Attention areas are areas that a member would like the
partner to look at. We propose an exercise system that has GUIs
for editing common networks at the same time, selecting attention
areas intuitively, and visualizing attention areas. The experiment
confirmed that subjects conveyed attention areas more easily,
faster, and more accurately using the proposed method than with
plain text (traditional method).

Index Terms—network construction, pair exercise, chat, virtual
machine

I. INTRODUCTION

In a certain type of network construction exercise, each of
the two learners pairs up and constructs networks. One of the
members of a pair, called driver, connects cables and sets up
parameters of devices, while the other member of the pair,
called navigator, observes the driver’s work and reviews their
own network. In addition, they have dialogues: the driver asks
questions about the state of the network to the navigator, and
the navigator gives advice to solve problems. We call such
exercises pair exercises in this paper. In recent years, much
attention has been paid to distance learning through which e-
learning systems have been developed. In [1], researchers
developed an e-learning system where learners in distant
places are able to carry out pair exercises (say distributed
pair exercises), and found that the exercises raise the learning
effect and reduce the burden on instructors.
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Systems [1]- [4] can provide remotely-editable networks
and communication tools between learners of a pair. Using the
systems, it is possible to carry out distributed pair exercises.
However, because the systems serve a text chat feature for
communications between users, it is difficult for the members
of a pair to share attention areas efficiently; attention areas
are areas that a member would like the partner to look at.
For example, generating and understanding the expression “a
character located at the fifth row from the top and the tenth
column from the left on the console of node A” wastes time.

We propose a distributed pair exercise system for network
construction and present how to realize this system in the
paper. Furthermore, in experiments, we discuss how efficiently
the members of a pair can share attention areas. The system
has the following features.

1) The members of a pair can edit a common network
consisting of virtual machines at the same time through
the Internet. Furthermore, a navigator is able to watch
the operations by the driver in real time.

2) Members can select attention areas intuitively using a
computer mouse. These members can share messages
including hyperlinks for the areas using text chat. GUIs
can visualize the attention areas based on hyperlinks.
Such hyperlinks are called attention area links.

The contributions of the paper confirm that visualizing
attention areas have a positive impact on dialogues and how
one could realize an exercise system that hosts such dialogues.

II. RELATED WORK

VNLab [5], SAIL [6], and the system in [7] provide
remotely-editable networks with learners. However, the sys-
tems cannot accomplish our objectives because they have no
features for communication between the learners.

The system in [1] realizes an environment for pair exer-
cises. The server machine implements networks using virtual



machines as nodes. The client machine provides user inter-
faces for consoles of virtual machines and text chat between
members. The system has a feature to share input commands
in consoles between the members in real time. By combin-
ing Remote Desktop, Microsoft Treminal Services, Remote
Assistance, and VMWare Workstaion, RLES [2] provides
an environment where remote learners construct networks.
Furthermore, a navigator can watch the driver’s work in
real time through Remote Assistance windows. NetPowerLab
provides an environment where multiple learners are able to
construct networks through a division of labor [3], and serves
software agents that play the role of the partners [4]. However,
these systems cannot solve the problem mentioned before as
it adopts text chat as the tool for dialogues between members.

IDEOL [8] provides a web-based environment for dis-
tributed pair programming and has a feature for linking lines
of a source code to a dialogue. The feature helps members that
are interested in lines of a source code to create a dialogue
of lines and to be aware of the lines that are associated with
a dialogue. However, the feature does not help members to
compare multiple areas in network topologies and console
outputs as well as pay attention to other areas in the middle
of a dialogue. In contrast, attention area links allows one to
combine multiple attention areas and embed multiple attention
areas in one utterance. RIPPLE [9], Xeclip [10], saros [11],
and sangam [12] are eclipse plugins that can share source
codes between eclipse processes through networks in real time.
In programming exercises described in these works, learners
dialogue and share attention areas using text chat, not special
tools for sharing attention areas.

III. NETWORK CONSTRUCTION PAIR EXERCISE
A. Exercise summary

Target learners are those that have studied TCP/IP but
have never constructed networks. The aim of the exercise is
to accustom learners to designing networks that satisfy the
following requirements: 1) IP address and subnet mask, 2) IP
network in a segment, 3) default route, 4) static routing, and
5) server service (web page publishing). They must also be
able to construct networks based on the designs.

Exercise problems consist of communication examples
and setting requirements. The former is an example of the
communication available in the learner’s networks. The latter
consists of nodes that must be installed in networks, values
that must be set in nodes, and Ethernet cables that must be
connected to the assigned nodes.

In the exercises, learners try to construct networks based
on the exercise problems. They repeat the following steps
by reading the problems and checking the network settings
until the networks have been built to the specifications. In
network construction, an instructor alternates the driver and
the navigator in a pair at fixed intervals. The driver constructs
networks, while the navigator observes the partner’s work and
reviews their own network. In addition, they have dialogues:
the driver asks questions about construction and the navigator
gives advice to improve the driver’s work.

1) Network design: connection design, IP addresses design,
and so on
2) Network implementation
« Hardware setting
— Machine: installation/uninstallation, boot/halt
— Cable: connection/disconnection
o Software setting: IP address assignment, route ad-
dition, and so on
3) Operation check: continuity check (ping), route check
(traceroute), and so on

B. Dialogue between driver and navigator

For example, dialogues of the members of a pair occur with
the following triggers.

¢ Driver

— Implementation: a driver asks a question about a
parameter at a specific position while inputting a
command

— Operation check: a driver asks a question about a
part of command output while analyzing the output

o Navigator

— Observation: a navigator points out an error part of
the command that the driver is inputting

— Operation check: a navigator points out an operation
error according to a specific part of command output

— Settings check: a navigator points out error values in
command output

Here, we define three terms. An utterance is the informa-
tion that a member of a pair conveys to its partner at once in a
dialogue. An attention area is the information that a member
of a pair would like the partner to look at. An attention area
group is a group of attention areas.

The members of a pair exchange utterances between them-
selves until the desired result is obtained. The first utterance
in a dialogue includes one or more attention areas. The other
utterances can include attention areas. The following four
items are the types of attention areas in our model.

e Device

o Ethernet port

o Cable

o Characters in a rectangle in console output

C. Example of utterance

A pair is constructing a network where svrl and svr2
exchange data through a specific route. Figure 1la denotes
the current network topology. Figure 1b displays the current
console output of svrl. Table I shows IP addresses of the
devices.

When the navigator of the pair notices an error in the current
communication route with traceroute, he/she points out that
“data must pass through port /3 instead of port o ”” as shown in
Figure 1. Note that « is an attention area group that shows the
current route (port O in rtr2) and its ground (“2 192.168.0.2”).
Also, [ is an attention area that shows a specific route (port
0 in rtr3).
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Fig. 1. State of incorrect network

TABLE I

ASSIGNED IP ADDRESSES
1D Port | IP address
svrl | O 192.168.1.1
rtrl 0 192.168.1.254
rtr2 0 192.168.0.2
rtr3 0 192.168.0.3
rtrd 1 192.168.0.9
svri2 | 0 192.168.2.1

IV. SYSTEM REQUIREMENTS

We define system requirements that provide the environment
for the exercises described in Section III-A.
1) A pair can carry out the exercises described in Section
II-A.
2) A member of a pair can see that the partner is editing
their own network in real time.
3) All the members of a pair can edit a common network
at the same time.
4) A pair whose members are at distant places can carry
out the exercises.
5) All the members of a pair can share attention areas.
6) The members of a pair can dialogue through text chat.
7) A pair can embed attention areas in messages easily.
8) A pair can select attention areas from network compo-
nents intuitively.
9) A pair can select attention areas from characters in
console output intuitively.
A pair can compose an attention area group whose
elements are network components and characters in
console output.
The system can visualize attention areas that a pair can
select from a dialogue.

10)

11

V. PROPOSED SYSTEM

In the proposed system in Figure 2, a pair carries out
distributed pair exercises through chat clients and network
editors. Network manager implements networks constructed
by a pair using virtual machine User-mode Linux [13]. We
call such a network virtual device network (VDN). Network
editor is a GUI where a pair edits a common VDN through
the Internet. It consists of console windows of devices in the
network and a GUI where a member edits network topology
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Fig. 2. System overview

(e.g., installing devices). Chat server and Chat clients enable
members to convey utterances (plain texts and attention areas).
AA manager, AA generator, and AA visualizer encode/decode
attention areas in the chat system.

Utterance consists of user ID wuid, time ¢, and message
msg, where a member with uid sends msg at t. The message
consists of attention area links and natural language. An
attention area link is a hyperlink that points to an attention
area group (i.e., one or more attention areas) and can be
embedded in a message (Figure 3). An attention area of a
network component consists of device ID did that points to a
network device and Ethernet port name ep in the device. An
attention area of characters in console output is characters in
a rectangle, and consists of console ID cid, a row number of
the left top corner ¢r, a column number of the left top corner
tc, a row number of the right bottom corner br, and a column
number of the right bottom corner bc. Attention area manager
(AA manager) stores attention areas (AAs) using data structure
of a set of tuples (attention area group ID aagid, did, ep, cid,
tr, tc, br, be).

To implement system requirements 1 and 2, Network editor
receives operations from a member and then sends them to
Network manager. Network manager reflects them to VDN
and sends the state of VDN (i.e., network configuration and

<a href=“AAGID”>string</a>

Fig. 3. Attention area link



console output) to Network editors of a pair. Network editors
update its own view according to the state.

To implement system requirement 3, the system can handle
operations from a pair simultaneously by realizing system
requirements 1 and 2 using a multithreading technique.

To implement system requirement 4, each member in a pair
uses a different client machine; the client machines and the
server machine exchange data using network communications.

To implement system requirement 5, AA manager stores
AAs, and attention area visualizer (AA visualizer) obtains AAs
that correspond to attention area group ID (AAGID) from AA
manager.

To implement system requirement 6, Chat client provides
the member with a text entry field and a text output field.

To implement system requirement 7, attention area gen-
erator (AA generator) generates AA links that corresponds
to AAs selected by a member and then sends them to Chat
client. AA visualizer receives AA links from Chat client and
then generates Visualization data for the attention areas that
corresponds to AAGID in Attention area link and finally sends
it to Chat client.

To implement system requirements 8 and 9, Network editor
provides a member with a user interface where the member

can select attention areas and send the selected attention areas
(AAs) to attention area generator (AA generator).

To implement system requirement 10, AA manager can
store multiple attention areas (AAs) by the same aagid.
Furthermore, AA area manager sends all attention areas (AAs)
whose aagid is equal to attention area group ID (AAGID)
received from AA visualizers.

To implement system requirement 11, Chat client provides
a pair with a user interface where the pair can select attention
areas, and sends attention area links (AA links) that corre-
sponds to the selected attention areas to AA visualizer. AA
visualizer generates Visualization data according to AA links
and sends it to Network editor of the pair. Network editor
visualizes attention areas according to the data.

VI. PROTOTYPE SYSTEM

A server machine provides VDN and realizes exchange of
chat messages and share of network construction processes in
a pair. Each client machine provides a member in a pair with
a GUI in Figure 4. A member can edit a network with areas
« B, and ~. Area -y displays a network topology that a pair
shares. A member can compose a chat message with plain
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text and attention area links in area e. Area § displays chat
messages.
Attention areas are selected according to the following steps.

1) Push button ( to start selecting attention areas.

2) Drag on a console window to select characters in a
rectangle area (Figure 5a) as an attention area. Click an
icon in area « and then select a part of the component
in the dropdown list (Figure 5b) as an attention area.

3) Push button { again to finish selecting attention areas
and add the attention area link to the message box in area
€. Figure 6 shows an example of an original utterance
including hyperlinks.

When you click a hyperlink in area o, the system highlights
the attention area corresponding to the hyperlink (Figure 7).
Hyperlink « in Figure 7a is highlighted like characters « in
Figure 7b and like port « in Figure 7c.

VII. EXPERIMENT

The purpose of the experiment is to clarify how efficiently
a member of a pair conveys attention areas to the partner
with the system. It compares the proposed method with the
traditional method where a member expresses attention areas
with plain text. The subjects are twenty students (ten senders
and ten receivers) that constructed simple networks like the
one in Figure 1la one year back. The flow of the experiment
is as follows.

1) The subjects construct a network like the one in Figure
la with the system to remember the knowledge/skill for
network construction.

2) The subjects express and look at attention areas with
both the methods using the system to get accustomed to
it.

3) The experimenter evaluates the speed and accuracy in
dialogues between the subjects using both the methods.
The subjects answer questionnaires to evaluate the easi-
ness of both the methods and operability of the system.
The details regarding this are given in Section VII-A.

A. Evaluation

Each assignment consists of a few steps for reaching the
situation where a member tends to generate an utterance,

[5,14:44:39, root, fdev/ttypl, LileS, ~]# traceroute 192.168.2.1 B —
traceroute to 192.168.2.1 (192.168.2.1}, 30 hops max, 40 byte packets
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(a) Chat area (0 in Figure 4)
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(b) Console window (c) Network topology
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Fig. 7. Attention area visualization

and a mission of expressing attention areas with either of
the methods. The steps are concrete enough that all of the
subjects complete the same network. The experimenter gives
each pair 12 assignments that are based on six kinds of
attention areas (Table II); the assignments are given in the
order of 1P, 1T, 2T, 2P, 3P, 3T, 4T, 4P, 5P, 5T, 6T, and 6P,
represented by “NM” where N is a kind of attention areas
in Table II and M is a conveyance method (T: traditional
method, P: proposed method). In each assignment, a sender
constructs a network based on the steps and then he/she
generates an utterance including attention areas; finally, he/she
sends the utterance to the receiver. When a receiver receives
an utterance, he/she starts to search for attention areas. When
he/she is able to successfully search, he/she marks them
in an answer sheet. After completing each answer sheet, a
pair answers questionnaires to evaluate the effectiveness of
the used method and operability of the system on a scale
of 1 to 5. A sender evaluates how easily he/she expresses
attention areas with the proposed method when compared to
the traditional method. A receiver evaluates how easily he/she
finds attention areas with the proposed method when compared
to the traditional method.

TABLE I
SIX KINDS OF ATTENTION AREAS

No. | Summary
Two points in a network topology

(a) Characters in console output (b) Network device

Fig. 5. Attention area selection

Not <a href=%1517979440167730”>there</a>,
over <a href=“1517979503616861”>here</a>?

Fig. 6. Example of original utterance

A part of the output of command “ping”

Each IP address outputted by command “ifconfig” in two
console windows

A route outputted by command “route”

5 An IP address in a route outputted by command “traceroute”
and an Ethernet port related to the IP address in a network
topology

6 Ethernet port information outputted by command “ifconfig”
and an Ethernet port related to the information in a network

topology

W B —

N




Figures 8a and 8b show missions for the proposed method
and the traditional method respectively, which is based on
attention area No.5 in Table II. The situations are occurred by
that the senders execute command “traceroute 192.168.2.1” on
the console window of machine 1 and command “traceroute
192.168.1.1” on the console window of machine 14 respec-
tively. Figure 9 shows an answer sheet that displays all of the
windows used to construct the network in the system.

The experimenter measures generating time and searching
time. The former is the time from when a sender reads a

By using the proposal method, create an utterance for having your partner compare
between and with his/her eyes. After that, send the utterance.
Hint: “Compgre between ‘AA TR

" and ‘AA link™

T e s
R
1342053241, roo, ey, s, 38 |
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0459w 0.5 we

(a) For proposed method

By using the proposal method, create an utterance for having your partner compare
between and with his/her eyes. After that, send the utterance.
Hint: “Compdgre between ‘AATmk_ and ‘AA link™”
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(b) For traditional method

Fig. 8. Missions based on No.5 for all senders
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Fig. 9. Example of answersheet

mission to when the sender sends his/her utterance. The latter
is the time from when a sender sends his/her utterance to when
the receiver finishes marking. The experimenter evaluates the
following three items.

e Success and failure of the mission: If all marks in an
answer sheet correspond to all attention areas in the
problem, the evaluation is “success.”

e Adequacy of expression: If an expression made by a
sender contains multiple meaning, the evaluation is “am-
biguous.”

o Adequacy of interpretation: If all marks in an answer
sheet correspond to all attention areas in the utterance,
the evaluation is “adequate.” Note that this evaluation
ignores the correspondence between the utterance and the
assignment.

B. Consideration

Figures 10 and 11 show the generating time and searching
time, respectively. All the times of the proposed method are
shorter than those of the traditional method. We found that
senders spend more time to express attention areas using
natural language, and receivers spend more time to interpret
attention areas that are expressed using natural language.

Table III shows the average scores (five-point scale) of the
following questions. Q1 and Q2 are used for senders, and Q3
and Q4 are used for receivers. We found that the proposed
method is effective to convey attention areas because all the
scores are close to 5.
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Fig. 11. Searching time



TABLE III
AVERAGE SCORES OF QUESTIONS

Assignment No.

Ques. No
Q
1))

bbb
O
|
IS
|
IS
N
O
|
o
|
o

e QIl. How easily one can operate the system to generate
utterances with the proposed method?

¢ Q2. How easily one can express attention areas with
the proposed method when compared to the traditional
method?

o Q3. How easily one can operate the system to search for
utterances with the proposed method?

¢ Q4. How easily one can interpret attention areas that are
expressed with the proposed method when compared to
the traditional method?

Figure 12 shows the success rates (N=60) of conveying
attention areas. The breakdown of the failure cases is as
follows.

« Eighteen cases were caused by ambiguous expressions of
senders; someone might obtain the correct information
from the expressions. Although the receivers interpreted
the expressions correctly, they were unable to obtain the
correct information.

o Five cases were caused by incorrect expressions of
senders. No one can obtain the correct information from
the expressions using the correct interpretation.

e Six cases were caused by incorrect interpretation of
receivers. We can obtain the correct information from the
expressions only through the correct interpretation.

A failure case of conveyance caused by ambiguous expres-
sions for attention areas is explained with the help of Figure
13. The assignment specifies area « as an attention area.
The sender’s expression is “the fourth line from the top in
the output of command ‘route -n’.” Area [ is the receiver’s
interpretation to the expression.

According to the experiments, we found that the senders
could convey attention areas to the receivers more easily,
faster, and more accurately with the proposed method than
with the traditional method. Especially, it can be said that
the proposed method is effective for conveying a part of
command output quickly (Table II, Figures 10 and 11).
We consider that it is hard to designate such areas by words,
because command output consist of multiple lines and each
line consists of multiple words.

Proposed

Success, 58 2

Traditional Success, 31 Failure, 29

Fig. 12. Result of conveyance
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[4,19:52:38, root, /dev/ttyp0, LiNes, ~]# route -n

Kernel IP routing teble

Use Iface

Destination Gateway Gemmask Flags Metric Ref

192.166.0. 255.255.255.248 10 0 uf

olo blo
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[5,20:18:28, root, /dev/ttypD, Liles, ~1# I

Fig. 13. Failure case of conveyance

VIII. CONCLUSION

In this paper, we presented a distributed pair exercise system
for network construction with a dialogue support function.
The members of a pair can edit networks consisting of virtual
machines on a server machine through the Internet. They can
select attention areas using a network editor intuitively and
embed attention areas in utterances of the chat with hyperlinks.
When clicking a hyperlink, they can observe the attention
areas on a network editor. The experiments confirmed that
the subjects conveyed attention areas more easily, faster, and
more accurately with the proposed method than with plain
text (traditional method). In the future, we will evaluate how
efficiently the proposed method conveys attention areas in
dialogues, not in utterances. This is because we reckon that the
contexts of a dialogue have a positive effect for conveyance
of attention areas, which will help improve the effectiveness
of the traditional method.
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