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ICT

- High speed networks + cloud computing technology

-various kinds of computers (PC, tablet, smart phone, etc.)
-Video on Demand (VoD) contents for e-learning

Virtual Desktop Infrastructure (VDI)

-strengthened security, reduced management cost, etc.
- Advantage of the VDI for e-learning

:to provide the identical learning environment to the learner at
any time and at any place.

- Disadvantage of the VDI for e-learning

:the quality of the screen images on the desktop is affected by
the quality of service (QoS) of the network, since the screen

images are transferred to the client from the server by a screen
transfer protocol.

->QoS v.s. QoE
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1. e-learning over VDI

A. Learning styles for e-learning

Video on Demand (VoD) / Web Based Training (WBT) contents
TABLE |. BASIC OPERATIONS IN e-LEARNING STYLES

Works Basic operations

[1]
Production works such as report,
presentation contents

1)Typing characters and sentences

2)Editing documents using MS Word

3)Drawing figures using PowerPoint

Selecting radio buttons on the Web

Learning by
e-learning contents

6)Watching video on the Web
/)Learning the WBT contents

(
(2)
(3)

t (4)
(5)Listening audio on the Web
(6)
(7)
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B. The VoD for e-learning
Advantages of the VDI for e-learning:

m If the learner quits out of his or her work, he or she can
restart it with the same environment at all times.
m The learner can restart it at any terminals (including the

OSs and their product versions).
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Mobile Learning
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Fig.1.The conceptual diagram of e-learning with the mobile terminals
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lll. Preliminary

A. Current State of Quality of Mobile Network
m BW (bandwidth) for mobile network
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Fig. 2.The actual distribution of the BW (bandwidth) for Japanese mobile carriers
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m DT (round-trip delay time) for mobile network
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Fig. 3. The actual distribution of the DT (round-trip delay time)for Japanese mobile
carriers
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B. Usability of Mobile Terminal

operation time [g]
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Fig. 4. Influence of usability of terminals for various operations
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I\V/. Experiments by using network emulators

V. EXxperiments by using network emulators

- the quality of the mobile network
- the usability of the mobile terminals
—>evaluate hereafter by only the case of the PC

A.Conditions of Experiment
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Fig. 5: Configuration of experimental environment



No. 12

IV. Experiments by using network emulators

Conditions of Experiment

(1) Client Terminal: Laptop PC by Hewlet-Packerd Co.
- Desktop: 15-inch (resolution: 1280 x 800)
- Main Storage: 1 [GB]
- HDD: 20 [GB]
(2) Network Emulator: wlinee
(3) Screen Transfer Protocol: ICA by Citrix Systems Inc.
(4) Virtualized Desktop Infrastructure (VDI) : XenDesktop
and XenServer
(5) Subjects: Students of around 20 years old
(6) Number of Subjects : 10
(7)  Duration of Experiment: May-July 2012

N

m[he typical QoS of the Internet is given by

Bandwidth (BW) : approximately 2.2 [Mbps]
Round-trip delay time (DT) : approximately 40 [ms]
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i IV. Experiments by using network emulators

B. Experimental Methods and their Results

Method: 7 basic operations shown in Table | by students
x-axis: BW (band width), or DT (round-trip delay time) €< QoS

y-axis: objective (operation time), or subjective (MOS: 5 levels*) €< QoE

(i) Evaluation for the effect of the BW: For the fixed DT=40 [ms]
(typical QoS of the Internet)

(i) Evaluation for the effect of the DT: For the fixed BW>2.2M[bps]
(typical QoS of the Internet)

*11t0 5, i.e., the lowest point 1 to the highest point 5. Based on ITU-T P.800 , the average (MOS: Mean Opinion Score) is used [4][5].
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TABLE A-Il. Actual Movements for Basic Operation

Works Basic operations

Actual Movements

Evaluations

(1)Typing characters and sentences

The Hiragana input by typing software

OE: in [# of characters/min]

[ |(2)Editing documents using MS Word

The Japanese text input using the MS Word

OE: in [# of characters/min]
SE: the MOS

(3)Drawing figures using PowerPoint

Drawing the 12 squares at a specified location
along the grid lines by operation of the mouse.

OE: in [# of squeres/sec]
SE: the MOS

(4)Selecting radio buttons on the Web

Selecting 1 among 5 items for 12 sets executed

OE: in [# of squeres/min]

(1]

by the radio buttons on the Web. SE: the MOS
(5)Listening audio on the Web ;if;egnﬂ;hﬁljip:;’gigcsgé“di° signal using the | 40 Mos
(6)Watching video on the Web z\i’tztg?i{(‘gﬁigzp;gg‘fgg ‘,(j:jv‘;figna' usingthe - |se- e MoS
(7)Learning the WBT contents Learning the WBT contents by Web learning SE: the MOS

plaza provided by JST

OE: Objective Evaluation
SE: Subjective Evaluation
MOS: Mean Opinion Score
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I\/. Experiments by using network emulators
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Example of (2): Japanese Document Input using

MS Word Japanese:

Roman character-> Kana character-> Kanji character
wa = 1

se - + BfeH
da - 1= E

Roman-Kana conversion  Kana-Kanji conversion

English:

Waseda



Example of (3): Drawing figures using PowerPoint

[Before] [After]

12 Squares

Q

*

O




WASEDA University

[ll] Operations related
learning by e-learning
contents such as VoD
and WBT

[Notes] Dotted line shows:
BW: 0.4 M [bps]
DT. 250 m [sec]

Fig.6 [Il]: Evaluations for [ll] learning by
e-learning contents such as VoD and
WBT

OGS,

Back cperuilons

No. 18

e R —

(o] Fone Desl Desl Desl Desl
Desl 250 0431 0.0 0.3

Bl Sare Degl Dell Desi Deel Dl
Degll Slen Z¥0em S80e 050 §30m
1

| % ot buttons / min|

35

|7 o botions [ mimj .
35

1
30 oy 30 O :
25 30 “r_-,._____.%\____\.}____o 25 38 “t.-;______éln
if FE 71*5 | BTN
4 ] 4 ] 2
17
10 ! 10 | : e
LR S RO B IR SRR RCTT S| = | 1 R
, - 1 - 1 3
5—! 0 T o 1 5
Exlsaring a:.:l :
tuitems on MOS MOS !
Wiy 3 o p 5 G i
) o -
4 |30 \l:'r—"'_‘l!)——ir—— e 4 |28 -—.___:, 36
| YL
g Ll a0 *0 4o 40 2 A . S
1 I
3 1 2 1 2.9\-\
| ! e
1 : 1 ! M
! ! e
n T 0 1
I [}
L L
] ¥
MOSs 1 NMOS 1
’ 5 ety ) ey
4 A ey 4 (AT
o) 5 fo a0 5 S
Lhuhl_nﬂn , : , B e N
onthe Wb 1 1 21
! i ! i ;
1 1
o I o i
} |
1
Mos : i
s e ! :
1 3 b i I: — i
s whing videa b i
s | 2 260 i
1 i ;?ly—\'_?—(.r |[
B |
oL SRR 101 RR0RS 111 :
1 I
Il |
MOS ' MOS !
. se o b A L 4 |50 122
- PR T 43 TN
N 3 : - 3 : \_
Linming thi i - i L
- 2 T -~ 1 5
TEHT contmmn ! S L R
1 ¥ 1 t e aansn Yane |
0 : o i 11 a1




WASEDA University

Example of (6) : Watching the Reproduced Video

signal using VoD Contents
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V. Discussions

A. Discussions for the Experiments
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TABLE A-ll: Experimental Results

and Discussions

Works Basic operations BWMOS OT Discussions
(1)Typing characters and Increasing of the DT affects to responsibility, i.e.quick indicating the
sentences inputted cractors.
" The influence of the DT exceeds 650 [ms] (in case where the 3G network
(2)Editing documents . : o .
1] using MS Word 4.6 4.3 [for mobllle p.hones can be occured). is Igrge. Sl_nc_:e t.he the.Kana—kanjl
conversion is necessary, the real-time interactivity is required.
(3)Drawing figures using 4 33 This operation which requires fine cursor positioning such as drawing, the
PowerPoint ' tracking of the pointer is important, hence it is more sensitive to the DT.
Since the operation of the pointer requires to follow in real time even for
(4)Selecting radio buttons 4 36 the case of relatively simple in the mouse operation like the choice of the
on the Web ' radio buttons. The work which requires the mouse operation is not
suitable for the case of the DT exceeding 400 [ms].
(5)Listening audio on the 39 We can permit relatively large DT, since the audio signal reproduction
\Web ) does not need to quick response.
The video signal reproduction is dominated by the BW in contrast to
] other operations, i.e., watching the video contents is intolerable even the
(6)Watching video on the condition of the BW around 2.2 [Mbps]. If the resolution is small, for
\Web instance, in the VoD contents only a portrait of a lecturer with small size
video images (e.g., 20 frames/second, and 240x400 pixels) is displayed,
it may be improved.
Comparering to watching video, although the contents include animation,
(7)Learning the WBT; 41 39 the BW assumption is small, since the animation does not require a large
contents ' ' BW. The DT exceeding 450 [ms] brings degradation in usability of the
mouse operation.
BW=0.4DT=250
[Mbps] [[ms]

White: High Score

Red: Low Score

No. 21
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B. Remarks for the experiments

m Except for the case of watching video, the influence of the BW is
small. Although the audio signal reproduction has no deterioration,
the video signal reproduction has, even if the case of the BW
around 2.2 [Mbps]. There are still a few effects on works of drawing
figures by the Power Point

m  When interactive communication to servers is necessary, the
Influence of the DT is large. It affects to learning styles such as
producing the presentation documents or reports, and learning by
the WBT contents, even if the case of the DT around 300 [ms].

m There is a possibility that the objective evaluation in application
layer is fairly good estimation of the subjective evaluation (MOS) as
partially shown in Figure 6 [I] and [I1].
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Although details are omitted here, the following are obtained by
additional experiments:

It is almost possible to evaluate by assuming that the BW and the
DT are mutually independent [8].

If the packet loss rate is less than 15 [%], there is no large
iInfluence, and the influence of the jitter is still small [9].

The video signal reproduction is affected by the BW, but it is
possible to improve by letting the ratio of the bit rate of the video
signal to the BW is about 1/2. The influence of a packet delay and
the packet loss is small [9].
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As a conclusion, it can be noted that almost all learning styles
except for watching video are acceptable assuming

the BW > 0.4 [Mbps], and
the DT < 250 [ms]

which can be applicable to the domestic network environment such
that the server is located in Japan, and the client uses the ADSL.
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VI. Concluding Remarks

We have evaluated from a viewpoint of how much must be the QoS
of the network to achieve the required QoE for the e-learning styles
based on seven basic operations. As a result, we have for the
mobile learning:

[I] As working for such as producing the reports;

m The editing work can be practically tolerable by using the 3G line
environment.

mThere are still many problems from the stand point of the usability
to operate application software for the MS Windows by tablet type
terminals.
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[ll] As learning by the environment of the e-learning class;

m [ he works which require the real-time responsiveness such as
the character input or the mouse operation are affected by the DT,
but even the quality of the 3G lines is acceptable.

mThere is no large problem on narrow BW except for the video
signal reproduction.

mlt should be avoided to use the streaming of the video signal for
the mobile terminals under the present conditions.
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As future works, we have:

mIn addition to seven basic operations of e-learning which
discussed in this paper , we try to perform experiments of the other
operations such as for collaborative learning and active learning.

m\We clarify the guideline of the contents design methods for the
applications programs which can automatically choose screen
images for PCs or those for mobile terminals.

mAdditional experiments are necessary for the coming networks,
e.g., the 4G lines, the LTE, and the Wi-Fi spot.
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MOS: Mean Opinion Score
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MOS: Mean Opinion Score
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MOS: Mean Opinion Score

MOS
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