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ABSTRACT 
A distance learning experiment was conducted to examine differences in learning performance and to 
obtain subjective evaluations of three types of learning methods: face-to-face (LIVE), distance learning 
using high-definition television (HDTV), and distance learning using normal TV (NTSC). Five sites were 
used for HDTV and six sites for NTSC, where the same lecture was watched at the same time. There were 
7 4 voluntary participants for the UVE lecture, 144 for HDTV, and 139 for NTSC. Based on pretest, 
posttest, and questionnaire results, the authors found that, as far as the learners' performance level is 
concerned, the UVE method is more effective than the others, while there was no significant difference 
between HDTV and NTSC. It was also found that HDTV is better at showing the atmosphere of the 
lecture, and motivates learners more than NTSC. Third, HDTV still has difficulty in showing a high
resolution computer screen, though it is perceived better than NTSC. As for other points, HDTV's image 
quality is satisfactory to learners as a whale. 
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1. Introduction 

Recent advancements in communication technology have made distance learning 
systems more economical and more efficient. Since distance learning systems allow 
learners to attend lectures by eminent lecturers with less transportation costs, they 
have become popular with universities (e.g. Shimizu et al. 1986, Tanaka 1993, 
Yamasawa et al. 1991) and companies (Shiratori 1988). 

In these systems, TV -based teleconference systems are utilized. The image 
quality from current TV standards such as PAL and NTSC, however, is not clear 
enough to show characters on a white board or on a computer screen legibly. 
Therefore, high-definition television (HDTV), which has approximately twice as 
many scanning lines (1125 lines) as compared to NTSC (525 lines), is expected to 
be a core technology for the next generation of distance learning systems. 

Shimizu and Shiroma (Shimizu et al. 1989, 1990, 1995) investigated distance 
learning using HDTV, and found that HDTV was evaluated better than NTSC on 
two points: 'atmosphere of the lecture' and 'quality of the image.' In these 
experiments, however, learner's performance was not examined. This is probably 
because the content of the learning was different for NTSC and HDTV, so learner's 
performance levels could not be directly compared. 

Although it was not a case of distance education, Iimori et al. (Iimori et al. 1991, 
1993) conducted experiments using video programs for school education to examine 
the differences in cognitive performance and impressions between HDTV and 
NTSC. They showed subjects a short (approx. 15 minutes) video program produced 
for broadcasting, and performed recognition and memory tests concerning the 
contents of the program. In one of their experiments using a drama program, 
students watching HDTV achieved higher performance in understanding and 
memory tests, but in another experiment using a verbally explanatory program, no 
significant difference was found in understanding and memory test (Iimori et al. 
1993). However, we should be careful in assuming that these results would be the 
same in the case of distance learning, because distance education includes some 
other factors such as difference in instructional method, the possibility of interaction 
with a lecturer, and the sense of simultaneous presence with a lecturer and other 
learners at other sites. 

In our experiment, we used a three-hour lecture given live and transmitted at the 
same time through an NTSC-based distance learning system and an HDTV -based 
distance learning system. We conducted pre- and posttests concerning the content of 
the lecture and a questionnaire for learners' subjective evaluations of the three 
learning methods in order to analyze the differences in learners' learning 
performance levels and motivation, impressions, etc., respectively. 
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2. Experiment 

2. 1 Distance learning system 

The lecture was held at a central lecture room in Tokyo. HDTV signals of the 
scenes were transmitted from an up-link van parked outside the room to five remote 
sites via the JCSAT-1 communication satellite (Figure 1). The video and audio 
signals were transmitted by MUSE and B-mode stereo, respectively. On the other 
hand, common TV (NTSC) system was based on NESPAC; NESPAC is a 
commercial two-way distance learning system employing a communication satellite 
(Shiratori 1988). The NTSC signals were transmitted to the Tokyo NESPAC site via 
a microwave link, and to six remote sites via JCSAT -1. The source signal for NTSC 
was generated from an HDTV signal with an HDTV-NTSC converter, so that the 
lecture was the same for all remote sites. 

The equipment used in the experiment included video cameras, a document 
camera, a monitor screen (1280x1024) of an engineering workstation (EWS) down
converted to HDTV, and an HDTV (Uni-hi) VCR. 

* NTSCSites * HD1VSites 

@ Central Room 

Figure 1 Distance learning system used in the experiment. 
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2.2 Learning conditions 

The major factor in the experiment was the types of learning methods. Based on the 
learning methods, conditions were divided into three categories: face-to-face 
learning, distance learning using HDTV, and distance learning using NTSC. We 
refer to these conditions respectively as 'LNE', 'HDTV' and 'NTSC'. Table 1 
shows the condition, number of subjects, size of the monitor screen, and room 
configuration at each site. 

Table 1 Overview of the experiment design 

Room configuration 
Number of 

Location Screen 
(The # of seats per desk * tb£.11.JJ[ 

subjects 
Condition of sites size (# of missing 

(city) (inch) desks per column) for the first column 
values in 

+ ( ... )forthe2nd + ... 
pre/post-test) 

UVE Tokyo 110 (3*9)+(10*9)+(3*9) 74(1) 74(1) 

Semai 54 (3*4)*3 19(0) 

Tokyo 1 61 (3*3)+(3*6)*3 62(0) 

HD1V Nagoya 54 (3*5)*3 15(2) 144(5) 

Osaka 1 54 (3*4)*3 31(2) 

Fukuoka 54 (3*4)*3 17(1) 

Sapporo 70 (3*4)*2 19(0) 

Thkyo 2 70 (3*5)*3 9(1) 

Kana23wa 70 (3*3)+(3*4)"2 31(2) 
NTSC 139(6) 

Osaka 2 46 (3*6)*3 41(0) 

Hiroshima 70 (3*5)*3 31(3) 

Thkamatsu 70 (3*4)*2 8(0) 

Total 357(12) 

All of the remote sites were lecture rooms for the NESPAC distance education 
system. Therefore, illumination, desk arrangement, screen configuration (every 
room had two screens), etc., were carefully designed so that every seat had a good 
view of the screens. The distance from the screens to the first row of seats was 2 
tbrough3 m. 

However, as shown in Table 1, only Osaka2 (NTSC) had smaller screens in 
relative to its room size, so let us examine if it affected the results. >From the results 
of the questionnaire items on screen view, as determined by the items Q4 through 
Q12 (Figure 4), there was no significant difference between NTSC sites. The results 
of analysis of variance (ANOV A) are shown in Table 2. Of these items, Q8 and 
Q 11 were nearly significant, but Osaka2 was the fourth best of all six NTSC sites in 
both items, so the screen size in this case was determined not to have mattered. 
Consequently, we decided that Osaka2 did not have to be eliminated from the data. 
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Table 2 Results of ANOV A for NTSC sites 

Q4 Q5 Q6 Q7 Q8 Q9 QJO Qll Q12 

df 131 131 132 133 133 132 133 132 132 

F 1.49 1.61 1.84 1.75 2.06 .733 1.39 2.27 0.78 

p .200 .162 .108 .129 .074 .600 .232 .051 .566 
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HDTV monitors were installed 0.5 through 1m in front of the front seats, so the 
screen was nearer to the learners than the NTSC screens, so as to compensate for the 
smaller screen ofHDTV monitors. In the HDTV condition, only Tokyo1 had two 
HDTV monitors. This is why the width of the room was a desk-width longer than 
the other rooms. In the same way, the screen size at Tokyo1 was seven inches 
bigger because the depth of the room was one or two desk-depths longer. The 
viewing conditions ofHDTV remote sites were thus controlled. 

2. 3 Subjects 

All of the subjects were employees ofNEC or affiliated companies aged from 20 to 
35. All of them were voluntary applicants for the following learning course 
specially provided free of charge, which was announced in an ordinary manner as 
employee education program. In Tokyo and Osaka, both distance learning systems 
were tested in the same buildings, so subjects are distributed randomly in two sites 
of Tokyo and Osaka each before the actual experiment. The numbers of subjects at 
each site are shown in Table 1. 

2.4 Lecture 

The theme of the lecture was 'Introduction to GUI (Graphical User Interface).' This 
theme was selected because it requires high-resolution image (1280x1024) of 
computer operations to be shown on a monitor screen. 

The lecture was performed for three hours, including short breaks, in the 
afternoon on February 22nd, 1993. A brief question-and-answer period was taken at 
the end of the lecture. The questioner's image from a remote site was transmitted to 
the central lecture room in NTSC, and then distributed to the other sites. 

2. 5 Apparatus 

(1) Pretest and posttest Pretests and posttests were designed to investigate the 
performance of the learners under each condition. The pretest consisted of 13 items 
directly related to the content of the lecture. The posttest included all items of the 
pretest and three questions on learners' prior knowledge of the theme. Three 
minutes were given to take the tests. 
(2) Questionnaire. A questionnaire was designed for learner's subjective 
evaluation of various aspects of the experiments. It consisted of32 items for LIVE, 
and 36 items for NTSC and HDTV. The items included questions about installation 
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ofthe monitor screen, legibility, audibility, impressions ofthe lecture, quality of the 
lecture, and familiarity with the lecturer. The items are listed in Figure 4. 

Score v I I 

-

10 

0 over95% 

• • • 
5 

-

0 

0 v 

LIVE HDTV NTSC 

Figure 2 Mean of pretest scores of each site. 
I I 
I I 

0 
0 

.o- 0 

5 • • • 
o-

I I 
I I 

liVE IDIV N1SC 

Figure 3 Distribution of relative gains of each condition. 
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3. Results and discussion 

3. 1 Equality of learners regarding subject matter 

The learners' equality among conditions in terms of their prior knowledge on the 
lecture subject matter is discussed. Figure 2 shows the distribution of pretest scores 
for each condition. Through an ANOV A, the hypothesis that pretest score means for 
each condition are equal cannot be rejected (F(2, 343)=2.27; p=0.11). Thus, there is 
no evidence of a difference in the learners' readiness between conditions. 

3.2 Analysis of performance test 

Table 3 AIC of Null model (0}, Method model (1}, and Site model (2} 

Model Number of 
Maximum likelihood estimators 

AIC 
parameters 

" d a 

(0) 2 3.72 5.11 1545.9 

(1) 4 3.84 4.96 .629 -.311 -.318 1539.7 

.88 -.32 .03 .03 -.24 .16 
(2) 13 4.59 4.94 1555.9 

-.21 -.09 .21 .02 -.37 -.09 

(n = 345) 

To examine an individual learner's performance, we calculated relative gains, which 
is defined as the posttest score minus the pretest score. Figure 3 shows the 
distribution of relative gains in each condition. There was a significant difference 
among the means in relative gains (F(2, 342)=5.12; p=0.006). However, it should be 
discussed which factor - learning method or site - is more likely to account for the 
data beforehand. Consequently, Akaike Information Criterion (AIC) (Akaike 1974) 
values of the following three models are compared as shown in Table 3, where AIC 
represents how well a stochastic model fits data, taking the number of parameters 
used in the model into account. 

Null model (0): All the data are samples from N(IJ.o, ol). 
Method model (1): For each condition (i=l...3), the data are samples from N(IJ.o+<X;, 

cr02), where 
Site model (2): For each site G=l...12), the data are samples from N(IJ.o+<Xj, cr02), 

where 

An AIC value of the ANOV A model is given by the following formula (Suzuki 
1995), where n, and c is maximum likelihood estimator of the variance, the 
number of samples, and the number ofparameters used in the model, respectively. 

As shown in Table 3, the models have the following relationship based on their 
AIC values. 
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Site model (1) <Null model (0) <Method model (2) 

As a result, it is confirmed that the learning method factor influenced the 
learner's performance, while the site factor was not significant. 

From the result, we concluded that the learning method factor was significant. 
Therefore, it is essential to identify the differences in methods. Table 4 shows the 
results of multiple comparisons and the mean of relative gains for each condition. 
As shown, LNE is more effective than the others, while there is very little 
difference between HDTV and NTSC. 

Table 4 Multiple comparison tests between conditions 

LIVE IIDTV Mean of relative gain 

I1VE 4.466 

HDTV .029* 3.525 

NTSC .028* 1.000 3.519 

Turkey's HSD nruhiple compari'lon *: p<0.05 

In the precedent study by Iimori et al. (Iimori et al. 1993), as mentioned earlier, 
subject groups who watched a video program depending much for explanation did 
not show any differences in memory and understanding between HDTV and NTSC. 
From our result that the difference in quality of visual information was not 
influential, the lecture in this experiment was considered to depend basically for 
lecturer's verbal explanation as well, even though many visual aids, such as 
document camera and computer screen, were used. This result implies that the 
lecture-like style of instructional method used in the experiment, although it is 
generally used in distance education, cannot take full advantage of high definition 
ofHDTV in terms of the learning performance. 

3.3 Analysis of subjective evaluation 

First of all, we tried to categorize the items according to the tendencies of their 
response patterns. By applying factor analysis to the HDTV and NTSC data, we 
extracted eleven factors whose eigenvalues were larger than 1.0. Items in the 
questionnaire were categorized according to the factor loading after vari-max 
rotation. Figure 4 shows the items grouped by horizontal lines according to the 
factors and the means of responses for each condition. 
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yru ee ss a:: 
Do yru feel raility rf ocdiwy schoding' 
Do yru feel tensioo rf ocdiwy schoding' 

Do yru feel a1DIIll!plx<e rf 1lll cmtral romfl 
Is tim 

Are yru inUesled in 1lll c-of 1be lecture? 
Is 1be le\el rf the leC1llre Jlllll"l'l 

ls1be speed <f1he lecture p-OJl'l'l 
Is 1his lec1ure signf'cant fa yru? 

Figure 4 Results of the questionnaire. (The original questions were in Japanese.) 
In general, as shown in Figure 4, there was no problem with audio [Q13, Ql4, 
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Q15], and video images were sufficient for seeing the lecturer's face [Q9] and fair 
for reading documents [Q4, Q5]. However, the legibility of the computer monitor 
screen was poor in all conditions [Q6, Q7, Q8]. Overall, there was a favorable 
impression of the lecture [Q21, Q22, Q23, Q28, Q29] except for its speed [Q24]. 
The lecturer was friendly [Q16, Q17], but putting a question to the lecturer was not 
very easy [Q25]. The learners did not feel any belongingness with other learners 
[Q26], and learners in remote sites did not feel as if they were actually at the central 
room [Q18, Q19, Q20, Q27]. The learners said that this educational system is good 
[Q30], and that they may learn by this system again [Q33], but prefer a live lecture 
to distance learning [Q35]. 

The items that showed a significant difference between HDTV and NTSC are as 
follows. 

Q4*, QS*, Q6**, Q7**, Q8**, QlO**, Qll**, Q12**, Q16*, Q20**, Q27**, 
Q29*, Q30**, Q33** (**:p<O.Ol, *:p<O.OS) 

This means that HDTV is significantly better than NTSC in viewing documents 
[Q4*, QS*] and monitor screens [Q6**, Q7**, Q8**], although the image of the 
computer screen is not entirely satisfactory [Q6, Q7, Q8]. On the whole, HDTV's 
superiority in the quality of the images was appreciated [QlO**, Qll **, Q12**]. 
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Moreover, the atmosphere of the lecture was friendlier [Ql6*] and more realistic 
[Q20**, Q27**] in HDTV. HDTV learners were more motivated and had a more 
favorable impression ofthe distance learning system [Q29*, Q30**, Q33**]. 

As for the sense of simultaneous presence with the lecturer and other learners at 
other sites - which is never available by an off-line video system, a certain 
improvement was shown in HDTV when compared with NTSC [Q20**, Q27**], 
although it was not sufficient yet [Q18, Q19, Q20, Q27]. This result implies that the 
distance education needs to take full advantage of interactivity more than 
conventional lecture, so that the lecturer and learners can share the sense that they 
are taking part in the same lecture in real time. 

Compared with Shimizu and Shiroma's research (Shimizu et al. 1990), HDTV's 
superiority in terms of the 'quality of the image' and 'atmosphere of the lecture', 
which roughly correspond to the items [Q4*, Q5*, Q6**, Q7**, Q8**, QlO**, 
Qll **, Ql2**] and [Ql6*, Q20**, Q27**] respectively, was observed in our 
investigation as well. In addition to their findings, we found that the learners using 
HDTV were more motivated [Q29*, Q30**, Q33**] than NTSC. This is unlikely to 
be a Hawthorne effect (Roethlisberger et al. 1939), because instructions and 
activities of the learners were the same in all sites; the only difference between 
NTSC and HDTV was the difference between the monitors installed in the 
classrooms. 

4. Conclusions 

The same lecture was given live (face to face) and over distance learning systems, 
one using HDTV and the other using NTSC. A pretest, posttest, and questionnaire 
were conducted to examine the differences between them. 

As far as learner's performance is concerned, the LIVE condition was 
significantly better than remote conditions, and very little difference was found 
between HDTV and NTSC. 

From the learner's subjective evaluation, we found that even HDTV was not 
legible enough to display a high-resolution image of a computer screen. The size of 
characters on the monitor seems to be more dominant than the resolution of the 
screen, so using a device to enlarge a part of the monitor screen is desirable. On the 
whole, however, learners recognized that HDTV was apparently better in image 
quality than NTSC. Consequently, the reality of the lecture was increased, and, 
moreover, learners were more motivated with HDTV than with NTSC. 

A problem in our experiment would be a period of learning. Considering actual 
use of distance education, three hours may not be long enough. At present, we have 
contrary views in terms of effects of a longer learning period; one is that learner's 
positive impressions toward HDTV take positive effects to their performance, and 
the other is that HDTV's superiority in impressions declines after a long experience. 
Thus, a longer version ofthe experiment remains as a part of future works. Another 
remaining work is about a style of education. This result implies that the 
conventional lecture cannot take full advantage of high definition of HDTV. It is 
plausible that there is a more suitable style for distance education than a lecture, so 
exploration for a better style is needed. 
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