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A Study of Career Education through a Subject

—Concerning Practices of Education in High School Mathematics —

Toru TSUBAKI*
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Abstract
Although career education in our country has been in “a stage of development™, the implementation
of career education has not advanced greatly in educational institutions. The focus of today’s career
education is to practice career education in various educational activities in schools and the core is to
practice it through subjects. This paper constitutes a basic research on facilitating ““career education
through subjects™ in high school mathematics and discusses methods of finding “components™ of
career education and connecting them.

%7 F

X U THE (career education) HFHHF (mathematics education)  FFFF (education
through subjects) #BE EE (practice of education) #(E 5% (educational method)  2¥ A
7 (learning content)
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Information-Theoretic Document Clustering

using Skew Divergence

TosHioO UCHIYAMA®

Abstract

Information-theoretic clustering (ITC) and the divergence algorithin for ITC have been proposed for an-
alyzing text data, but only in cases where ITC was applied to feature/word clustering to reduce dimen-
sionality. Therefore, the effectiveness and usefulness of ITC for document clustering, such as finding topics
in documents, have not been well evaluated. Moreover, the divergence algorithm for ITC can be affected
by the zero-frequency problem, because it uses Kullback-Leibler (KL) divergences. This paper proposes
novel algorithms for ITC to solve the problem and evaluate ITC as a document clustering method. The
proposed algorithms use skew divergence instead of KL-divergence to avoid the zero-frequency problem.
Internal and extemal evaluation measures, such as purity and Normalized Mutual Information (NMI), arc
used to compare ITC with spherical clustering. This paper further shows competitive learning algorithms
that cutperform the k-means algorithm using skew divergence. [xperimental results for text data sets are
presented to show the effectiveness and usefulness of [TC and proposed algorithms.
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to be successful. On the other hand, information-

1. Introduction theoretic clustering (ITC) and the divergence algo-

Clustering is the task of partitioning objects into
clusters on the basis of certain criteria so that ob-
jects in the same cluster are similar. It is a funda-
mental procedure to analyze data [Jain et al. (1999);
Jain (2010)], such as images and text. Since clus-
tering results depend on criteria and algorithms
for optimization, appropriately selecting them is
an essential problem. When focusing on partition-
ing documents inte disjoint clusters, cosine similar-
ity (spherical clustering) and the spherical k-means
algorithm [Dhillon and Modha (2001)] are known
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rithm were also proposed for analyzing text data,
but ITC was applied to feature/word clustering
[Dhillon et al. (2003)] to reduce dimensionality.
Therefore, effectiveness and usefulness of ITC for
document clustering, such as finding topics in doe-
uments, have not been well evaluated. Moreover,
the divergence algorithm for ITC can be affected
by the zero-frequency problem, because it uses
Kullback-Leibler {(KL) divergences. This suggests
that smoothing is necessary, but an appropriate
method for ITC is not easy to find. For example,
adding some value to probability distributions to
be clustered does not work well. Without solving
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this problem, it is impossible to reveal any charac-
teristics of ITC as a document clustering method.

This paper proposes novel algorithms for ITC to
solve this problem and evaluate ITC as a docu-
ment clustering method. The proposed algorithms
use skew divergence [Lee (1999)] instead of KL-
divergence to avoid the zero-frequency problem.
Internal and external evaluation measures, such as
purity and Normalized Mutual Information (NMI),
are used to compare ITC with spherical clustering.
This paper further introduces competitive learn-
ing algorithms that outperform the k-means alge-
rithm using skew divergence. Experimental results
for text data sets are presented to show the effec-
tiveness and usefulness of ITC and proposed algo-
rithms.

2. Related Work

Infermation-theoretic clustering (ITC} [Dhillon
et al. (2003)] is closely related to works about “dis-
teibutional clustering” [Pereira et al. (1993); Baker
and McCallum {1998); Slonim and Tishby {2000}]
and uses “within-cluster Jensen-Shannon diver-
gence” as objective functions. In those works, ob-
jects are prouped by similarity of distribution {KL-
divergence). Since a multinominal Naive Bayes
classifier distinguishes objects on the basis of cross
entropy decomposed into entropy {constant} and
KL—diverge.nce, ITC and Naive Bayes have a close
relationship [McCallum and Nigam {1995)]. Al-
though Naive Bayes simply assumes independence
of features in a given class, it is a successful classi-
fier.

Skew divergence [Lee (1999)] enables ITC to
avoid the zero-frequency problem by smoothing
probability distributions and seems to be indispens-
able for document clustering, although at least one
KL-divergence of clusters is guaranteed to be finite
[Dhillen et al. {2003)].

This paper uses competitive learning for the clus-
tering, with aclditional mechanisms to improve its
performance, referring to the algorithm based on
the least sum of squares criterion Uchiyama and Ar-
bib (1954).

The main contributions of this paper are as fol-
lows:

(1) It proposes k-means and competitive learn-
ing algorithms for ITC to overcome the zero-
frequency problem.

(2) It provides empirical evidence of the effective-
ness and usefulness of ITC as a document clus-
tering method and the proposed algorithms.

3. Information-theoretic Clustering

Let m{m = 1,..., M) be a finite number of fea-
tures (words) of data (documents), P and Q be
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probability distributions of a discrete random vari-
able, and p,, and g,, be probabilities of when a ran-
dom variable equals m. The Kullback-Leibler (KL)
divergence to Q from P is defined to be

Dr(PIIQ) = 3 pmlog k2, (1)

m—1

and the generalized Jensen-Shanncen (J5) diver-
gence of a finite set of probability distributions { P’ :
i=1,...,n} can be expressed as the weighted sum
of KL-divergences to the (weighted) mean [Dhillon
etal. (2003)]:

D]Lq({P' = I‘I}) = E T DKL(P:| P)

i—1

(2}

where 7' is the probability of P' to be selected and
P shows the (weighted) mean distribution Y. 7/ P%.

Let P/{i = LNy, CRk = 1,0 ,K), and
Ok = 1,...,K) be finitc numbers of probabil-
ity distributions 7 corresponding to data (deocu-
ment), clusters, and probability distributions Q cor-
responding to the mean distribution of cluster C¥,
respectively. The “within-cluster” Jensen-Shannon
divergence is defined to be

K o
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where Ny is the number of distributions P{€ CF),
and S is the objective function of information-
theoretic clustering (TTC) to be minimized [Dhillan
et al. (2003)]. Using the relation ¥ p:, o+ P = Nighs
we have

)'SW N E N E ‘Tm logqm

m—1
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Since the second term is constant for any partition-
ing, the optimization depends on the first term,
which is the weighted sum of entropies for the
mean probability distribution of cluster OF, There-
fore, the objective of ITC can be considered to be
minimizing those entropies for clusters. It may also
be to show the characteristic of ITC on the basis of
the information theory.
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4. Algorithms

This section first shows a k-means algorithm for
ITC. As the equation (4) and the divergence algo-
rithm [Dhillon et al. (2003)] show, the k-means algo-
rithm can be modified for ITC when KL-divergence
is used to update the cluster labels. The main dif-
ference from the divergence algorithm is to use
the skew-divergence [Lee (1999)] instead of KL-
divergence to avoid the zero-frequency problem.
The skew-divergence is defined as

$e(P, Q) = KL(P||aQ + (1 —a)P), (7)

where (0 < & < 1) is the mixture ratio of distribu-
tions. The skew divergence is exactly the KL diver-
gence at & = 1. The skew-divergence is very simple
to use, but it works well for reducing the objective
function JSy. For example, use of & = 0.99 may
produce a good performance [Lee (1999)].

Algorithm 1 describes the skew-divergence k-
means (sdKM) algorithm. In the initialization step,
cluster label k(1 < k < K) is randomly assigned
to each distribution P'. This initialization results
in setting the mean distributions Q*k =1,...,K)
near the global mean distribution in M dimensional
space, and |S-divergence [Syy is large. Note that dis-
tributions P! and QF are also treated as vectors, and
vice versa. The situation can be considered to be
far from all local minima. Since it is impossible to
choose good local minima at the beginning, this can
be a good strategy for optimization algorithms. Ad-
ditionally, this initialization guarantees at least one
KL-divergence of clusters is finite. This may not af-
fect algorithms using skew divergence.

The mixture ratio (coefficient) for skew diver-
gence n(0 < a < 1) should be close to 1 when con-
sidering reducing distortion from the true objective.
However, larger a(< 1) accidentally causes a large
penalty for 5,(P, Q) to mean distributions of clus-
ters Q that do not have certain features and makes
algorithms stop quickly at bad solutions. By taking
these features of & into account, the proposed algo-
rithm 1 includes a mechanism, “gradual change of
a”, such as 0.99,0.999,0.9999, . . ., to improve its per-
formance. The initial ratio a = 0.99 and the maxi-
mum ratio amay = 0.999999 are used in the experi-
ments.

The condition of convergence for a certain a is

previous]Sy — current[Sy
current Sy

< epsilon, (8)

where the small value “epsilon” is 107%, for exam-
ple.

Algorithm 2 describes a simple skew-divergence
competitive learning (sdCL) algorithm, which has
no additional mechanism. In the initialization step,

cluster label k(1 < k < K) is randomly assigned
to each distribution P! in the same way as the k-
means algorithm, and the mean probability distri-
butions of clusters Q¥ are computed. In each rep-
etition, a winner is decided from Q for randomly
selected distribution P, and only the winner’s dis-
tribution QF is updated. In the update-step, it uses
the learning rate 7. In the experiments, the skew-
divergence k-means algorithm (sdKM) with o =
0.999 is applied for post-processing to remove fluc-
tuation caused by stochastic procedures. Note that
sdCL itself can derive better results than sdKM.

For further improvement, this paper proposes
a skew-divergence competitive learning algorithm
with an additional mechanisms [Uchiyama and Ar-
bib (1994)], which gradually generates units (=
probability distributions @ of clusters) on the ba-
sis of wincount, which shows how many times each
distribution Q wins. Details are shown in Algo-
rithm 3. Since the added rule generates or splits
distributions @ where the density of distributions
P! is high and it is reasonable to optimize the objec-
tive function, we can expect it to outperform usual
initialization, which easily drops into bad solutions
[Uchiyama and Arbib (1994)].

Algorithm 1 Skew-divergence k-means (sdKM)
Input: P: the set of probability distributions,

K: the number of clusters,
: the initial ratio for skew divergence.
Output: C: the set of document clusters.
Initialization For each distribution P/, randomly assign P!
cluster label k(1 < k < K}, to which ' belongs.
while & < a0 do
repeat
For each cluster C¥, compute its mean probability dis-
tribution Q% as
£ L P, 9
e ch ©
where Ny is the number of distributions (€ C*).
For each distribution P!, update the cluster label, to
which ' belongs, on the basis of the skew diver-

gences:
arg min s P, Q5. (10)

If there are several candidates, select the smallest k.
until the change of [S-divergence 5, is small.
Update o by

a4 1—(1—a)/10. (an

end while

5. Experiments

This section provides empirical evidence of the
effectiveness and usefulness of ITC as a docu-
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Algorithm 2 Skew-divergence competitive learning
(sdCL)
Input: P: the set of probability distributions,

K: the number of clusters,

a: the mixture ratio for skew divergence,

: the learning rate of competitive learning,

N is the number of repetitions.

Output: C: the set of document clusters.

Initialization For each distribution P?, assign P’ cluster la-

bel k randomly. Compute the mean probability distribu-

tions of clusters O by {Q" « g}r prect PP

forr = 1 to N, do
Select one distribution P randomly from P and decide a
winner (J* from Q by

¢ ¢ argmins, (P, Qt). (12)

If there are several candidates, select the smallest k.

Update the winner’s distribution Q° as
Q4+ (1-7)Q + P (13)

end for
For each distribution P', compute the cluster label by the

equation (12).

Algorithm 3 Skew-divervence competitive learning
with splitting
Input: P: the set of probability distributions,

K: the number of clusters,
«: the mixture ratio for skew divergence,
s the learning rate of competitive learning,
Ny is the number of repetitions,
f: the threshold of times.
Qutput: C: the set of document clusters.
Initialization Set one probability distribution Q' of C! by
randomly selecting distribution P and attach a variable
wincaunt to ' that is initialized to 0 and that shows how
many times each distribution wins. Consider a subset of
distributions @', where @' € Qand Q! € @', Let u be the
number of elements in Q'
forr =1to N. do
Select one distribution P randomly from P and decide a
winner Q¢ from Q' by

C 4 arg n}insa{P. Q).

If there are several candidates, select the smallest k.
Update the winner’s distribution Q¢ as
Q= (1-7Q +7P.
Add 1 to wincount of the winner.
If the winner's wincount equals 6 and 1 < K, then add
a new distribution Q! (= ) to Q' and clear the win-
count of both to 0.
end for
For each distribution P!, compute the cluster label by the
equation {12).

ment clustering method and the proposed algo-
rithms. Results of a spherical k-means algorithm
[Dhillon and Modha (2001)] (spKM), which uses
the same initialization step as skew-divergence k-
means (sdKM), are shown for comparison. For each
experiment, an operation was iterated 30 times with
different initial random seeds for a given set of pa-
rameters. For competitive learning algorithms, the
learning rate 7 = 0.01, the number of maximum
repetitions N, = 1,000,000 and the threshold of
times £ = 1000 are used.

5-1 Data Sets

Two data sets are used for experiments. The
properties of text data sets are shown in Table 1.
Words in the “stop list” [Lewis et al. (2004)] are
eliminated.

20Newsgroups data set contains about 20,000 ar-
ticles evenly divided among 20 UseNet Discussion
groups V.

RCV1 (Reuters Corpus Volumel) data set [Lewis
et al. (2004)] contains about 800,000 news articles.
I used the second level of RCV1 topic hierarchy
as the class label and removed multi-labeled doc-

uments.
Table 1 Properties of text data sets
Data Size{N) | Feature(M) | Class(K}
20Newsgroups 18,774 60,698 20
RCV1 534,135 216,503 53

5-2 Evaluation Measures

In the experiments, 1 set the number of clusters
K to equal the true number of classes in Table 1. |
compare the clusters generated by algorithms with
the true classes, produced on the basis of human
judges, by computing the following two external
evaluation measures.

Purity is measured by counting the number of
documents from the most frequent class in each
cluster. Purity can be computed as

1 -
purity = Yy mjax T(C*, Af), (14)
k=1

where A/ denotes the j-th class, T(CF, A/} is the
number of documents that belong to C¥ and A/, and
N is the number of documents.

NMI (Normalized Mutual Information) [Man-
ning et al. (2008)] is defined as

I(C; A)

oMl = (H(C) + H(A)) /2’

(15)

where, I(C; A) is mutual information and H() is en-

tropy.
1)

http:/ /qwone.com/ jason/20Newsgroups/
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I also used objective functions of clustering algo-
rithms as an internal evaluation measure. These are
“within-cluster Jensen-Shannon divergence” [Sy
(3) and cosine similarity:

- 1 & i
cosine = — X ;
N ;E xg;k e
1 ;
B = N, Y (16)

where x is a vector representation of a document (M
dimensional vector) and Ny is the number of docu-
ments x(e CY).

5-3 Experimental Results

Figures 1-2 display relationships between pu-
rity and internal criteria for k-means algorithms.
Tables 2-3 show averages of internal and external
evaluation measures, where spKM, sdKM, sdCL,
and sdCLS correspond to “spherical k-means”,
“skew-divergence k-means”, “skew-divergence
competitive learning”, and “skew-divergence
competitive learning with splitting mechanism”,
respectively. These figures and tables illustrate the
following:

(1) Skew-divergence algorithms yield better solu-
tions in terms of JS-divergence than spherical
clustering algorithms (spKM). Hence, the pro-
posed algorithms work for optimizing the ob-
jective function of information-theoretic clus-
tering (ITC) as a document clustering method.

(2) Skew-divergence algorithms yield better solu-
tions in terms of purity and NMI than spherical
clustering,.

(3) Among skew-divergence algorithms, competi-
tive learning algorithms (sdCL and sdCLS) can
outperform spKM in most cases.

Figures 1 and 2 clearly show that ITC outper-
forms spherical clustering in terms of purity. These
figures illustrate the usefulness of ITC. Further-
more, we can find a correlation between exter-
nal evaluation measures (purity and NMI) and JS-
divergence in Figure 3. Here, the correlation coef-
ficient between purity and |S-divergence is -0.982
and that between NMI and JS-divergence is -0.985.
Therefore, the smaller the |S-divergence a solution
has, the larger its external evaluation measures be-
come. Although limited in 20Newsgroups data, the
relationships suggest that JS-divergence can be an
important factor for the quality of document clus-
tering. For RCV1 data, there is no obvious cor-
relation in results of skew-divergence algorithms
(Figure 4), but Figure 2 and Table 3, which include
results of spKM, illustrate the effectiveness of |S-
divergence at least.
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6. Discussion
Figures 1-2 and Tables 2-3 show that skew-
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Table 2 Results of evaluation measures for 20Newsgroups

data
Algorithm | cosine | [Sdiv. | purity | NMI
spKM 0.2387 | 6.348 | 03650 | 0.3259
sdKM 0.2153 | 6.052 | 0.5520 | 0.5585
sdCL 0.2200 | 5983 | 0.6839 | 0.6503
sdCLS 0.2204 5976 | 0.6982 | 0.6558

Table 3 Results of evaluation measures for Rovl data

Algorithm | cosine | JSdiv. | purity | NMI
spKM 0.4604 | 4.246 | 0.6439 | 04765
sdKM (1.4315 4.003 0.7167 | 0.5740
sdCL 04264 | 4.005 | 0.7279 | 0.5887
sdCLS 0.4351 | 3.977 | 0.7424 | 0.5866
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Figure 3 Relationship between external evaluation mea-
sures and J5-divergence for 20Newsgroups data.

divergence algorithms outperform a spherical k-
means algorithm (spKM). These algorithms drasti-
cally improve purity (0.365 to 0.698, 0.643 to 0.742)
and NMI. For example, purities yielded by spKM
and sdCLS for 20Newsgroups are 0.365 and 0.698,
respectively. To reveal such an important charac-
teristic of ITC, the proposed algorithms play an in-
dispensable role. These show the effectiveness and
usefulness of ITC and the proposed algorithms. As
a document clustering method, ITC may be much
more useful than spherical clustering. [ beleive the
effectiveness of ITC should be derived from Naive
Bayes related to ITC.

There are obvious correlations in Figure 3, but no
such correlation can be found in Figure 4, where
a correlation coefficient between purity and JS-
divergence is -0.595 and that between NMI and JS-

0.78 ; Y =
* % ! +
x X sdCL  x
75 g
0.7 ’g; " o sdcls =
0.74 [ Mo Mk oo x + g
e MK x X »
0.73 F X x TS
= X g+ X .
5 on2f g v B 1
a s +1—+ ot % %
071 *e e %
+
070 | = -
069 [ N -
L L 1 1
3.96 3.98 4.00 4.02 404 4.06
JS divergence
0.61 . T T
sdKM  +
o sdCL =
0.80 sdCLS % A
o %
0.59 "@ * :: 5 X ¥ % x
3 *&“ Xx>§x% s i ®
— 3"% % X >551'5-++>< % +
= o058 F ¥ ¥ + x
P
gt
0.57 | % e & -
+ o+
0.56 + * E
055 1 L 1 1
3.96 3.98 4.00 4.02 4,04 4,06

J§ divergence

Figure 4 Relationship between external evaluation mea-
sures and JS-divergence for Revl data.

divergence is -0.174. This difference may come from
the complexity of the clustering problem for RCV1
data. As shown in Table 1, the numbers of docu-
ments (18,774 vs. 534,135) and features (60,698 vs.
215,603) are much bigger than those of 20News-
groups data. CPU time of ICT for RCV1 data is
about 2 to 4 hours, where that for 20Newsgroups
data is within a few minutes (using a core i7-4770).
Clustering problems with large scale data likely
have a lot of local minima to which algorithms con-
verge. It is possible that they take various values
for internal and external evaluation measures, as
shown in Figure 4. These figures also suggest that
there are factors that have not been analyzed. I
beleive analyzing these factors is an important fu-
ture pursuit.

7. Conclusion

This paper proposed novel algorithms for
information-theoretic clustering (ITC) to utilize ITC
as a document clustering method. The proposed
algorithms use skew divergence instead of KL-
divergence to avoid the zero-frequency problem.
Internal and external evaluation measures were
used to compare ITC with spherical clustering.
This paper further introduced competitive learning
algorithms that outperform the k-means algorithm
using skew-divergence. Experimental results for
text data sets were presented to show the effec-
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tiveness and usefulness of ITC and the proposed
algorithms.
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A Learning Analytics Approach to Improving Learning Outcomes Using
Tablets as e-book Readers
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Abstract

Over the last several years, tablet computers have become very common in the classroom. In particular, the
Apple iPad series of tablets has become a popular choice from early to higher education. One growing use is their
application as electronic book (e-book) readers. The effectiveness of such utilization however is difficult to
measure. laking a Learning Analyiics approach, this research aims o develop a way 10 log student dala when
using the iPad as an educational tool, with the aim of analyzing and assessing student progress as well as utilizing
the data to improve the electronic educational material (especially e-books). Being able to visualize student nsage
and frequency will allow better educational material design, in addition to indicating the degree of participation en
the part of the students, while allowing data-driven decision making on the part of the educator.
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1 Introduction
Mobile tablet computers have been on the

market for many years, but after the arrival of the
iPad in April 2010, many schools and colleges
began trialling iPads in the classroom. While PDFs
were in common use, there were few e-books
available, leading to many schools employing iPads
as course management devices, presentation tools
or media viewers. However, as tablets both
decreased in price and increased in popularity, they
became more ubiquitous in the classroom, leading
to an increased use as e-book readers.

Since its initial use in education, the iPad has
been the subject of both acclaim and criticism. It
has variously been praised as a motivator, a cheap
alternative and compact solution to printed matter,
and a way to promote autonomous learning through
inquiry. Conversely, it has been derided as a fad. a
distraction, and inappropriate for note taking
(Mueller & Oppenheimer, 2014). While some of
the areas of concern will likely be, or are being,
addressed, such as higher resolution screens
vielding improved readability, or note-taking
software becoming easier to use, there still remains
a critical obstacle to effectively using iPads in
education: There is no facility for Learning
Analytics.

Learning Analytics is defined as “the
measurement, collection, analysis, and reporting of
data about learners and their contexts, for purposes
of understanding and optimizing learning and the
environments in which it occurs” (Long &
Siemens, 2011, p. 34). It is important for the
teacher because, not only does it allow an ongoing
evaluation of the course material and monitoring of
the student, it also allows teacher to suggest and
provide new learning opportunities or different
courses of action to the students (Campbell,
DeBlois, & Oblinger, 2007). Established e-learning
programs and/or LMSs readily provide such data
for the teacher. allowing the teacher to tailor or
modify the learning experience to suit the students.
By monitoring student performance and
participation in a course, as well as examining how
this relates to grades, faculty can potentially target
areas of the course (and course material) to
improve.

In this research, the authors developed and
implemented a way to log and collect data
concerning individual student use of educational
iPad applications and e-books. By utilizing
Learning Analytics, learning material, or the course
itself, is able to be revised to better allow learning
objectives to be met, in addition to improving
monitoring of student progress and initiating timely
educational intervention when appropriate.

2 Books, PCs or Tublets
Ferguson (2012) notes that the appearance of

Learning Analytics in education closely follows the
increase of universities instituting online learning.
Learning online, especially using a portable device
such as a tablet, offers numerous advantages
summed up in the term wbiquitous learning; the
learner can study anywhere, at any time, and
without a teacher.

This is summarized in Diagram | below, where
the educational classroom utility of textbooks, PC
notebooks and tablets (as e-book readers) is
compared, according to six different criteria;
motivation, ability to engage. cost, interactivity,
portability and analyzability. The table is a
synthesis from a number of studies, specifically
research by Li and Pow (2011), Morrone, Gosney
and Engel (2012), Goodwin (2012), Weisberg
(2011) and Enriquez (2010). As can be seen, newer
technologies tend to outweigh more traditional
teaching tools, with the tablet being the preferable
option.

Diagram I: Lesson Delivery Comparison .
‘ Text ' PC % "l'ahlmﬁ:
Motivation X O O
IAbility to Engage X O ©
Cost VAN A O
Interactivity % @) @
Portability A VA O
Analytics X O £

Li and Pow (2011, p.325) noted that students
felt the “impact of technology on enhancing their
learning motivation, developing their cognitive
skills and planning for their learning in their daily
learning activities was significantly higher in the
Tablet-PC classes™ This was reiterated by
Morrone, Gosney and Engel (2012, p.1) who added
that “iPads were found to increase student
engagement by providing innovative and creating
learning environments™, and by Geist (2011, p.8)
noting that students “did not want to sit at a desk™
and study when they could enjoy more mobile
alternatives, adding that “it was cheaper . . . [to]
buy so many [digital] books™ (p.8).

The apparent advantages of using a tablet are
also statistically supported by various studies. One
of the first universities to pioneer the use of iPads
in university classes, Lynn University in Florida.
USA., noted in a student survey that 94 percent of
students (fall semester, 2014) said they felt the
tablet contributed to their learning experience
(Straumsheim, 2014). Of these. 9 out of 10
mentioned that they used the tablet in courses that
didn’t require it. Furthermore, possibly due to
recognizing the advantages of new technologies, 61
percent said the prospect of receiving their own
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iPad (mini) significantly influenced their decision
to attend Lynn. Director of Faculty Development
and Active Learning, Mike Petroski (Straumsheim,
2014), further added that he had noticed the largest
performance jump to date among students in the
first trialled course, personal finance. Chief
Information Officer Chris Boniforti further
supported this finding, pointing out that students
using iPads outperformed those who didn’t, and
just over three-quarters of students preferred the e-
book used in the course over a traditional textbook,
that number rising from approximately 65 percent
at the beginning of the course.

As of 2015, Lynn University has gone one step
further, phasing out its Blackboard Learn learning
management system, managing all daytime
undergraduate courses through Apple’s course
management software, iTunes U.

3 Potential Disadvantages

While using tablets in class seems to offer many
benefits, such usage has also been associated with a
number of problems by several researchers.
especially when applied to online learning. Mazza
and Dimitrova (2004) note that students may feel
isolated due to a lack of, or diminished. contact
with teachers or peers. They may also lose focus,
experience technical problems or lose their
motivation.

An early study carried out by Reed University
and fifteen other North American universities
(Marmarelli & Ringle, 2010) found that students
preferred using books to e-book readers, given the
price and lack of simultaneous multi-book access.

Furthermore, depending on how the tablet is
used, the teacher can also feel removed from the
learning. Online education, for example, doesn’t
provide teachers with the visual, oral or aural cues
that may indicate when students are bored, confused.
overwhelmed, unengaged or even absent. Dringus
and Ellis (2005) note that lack of a conventional
teaching space and/or evaluation system may also
lead teachers to struggle in decoding and evaluating
what learning has taken place, or in assessing the
degree of individual participation exhibited by
students over the course.

4 Using Learning Analytics

[t could be argued that Learning Analytics
resulted from the recognition of a need to address
some of these difficulties. It is no coincidence that
the appearance of Learning Analytics in education
followed the rise of online learning. Ferguson
(2012, p.305) notes while “the measurement,
collection, analysis, and reporting of data about
learners and their contexts, for purposes of
understanding and optimizing learning and the
environments in which it occurs” is an appropriate
definition, it should be realized that there are two
assumptions included: that Learning Analytics

make use of preexisting, machine-readable data,
and that its techniques can be used to handle *big
data’, large sets of data that would not be
practicable to deal with manually.

In a higher education setting. practical
applications of Learning Analytics are multifarious.
Macfadyen and Dawson (2010. pp. 588-99) note
that at-risk learners can more easily be identified,
and appropriate intervention to help learning
outcomes can be implemented in a timely manner.
Analysis may range from messages posted, to
assignments completed, to LMS messages read.

Long and Siemens (2011, p.36) further add that
Learning Analytics can provide learners with
insights into their own learning practices. and in
doing so, can suggest recommendations for
improvement, as demonstrated in a system used by
the University of Maryland, which allows “learners
to compare their own activity . . . against an
anonymous summary of their peers™ (Fritz, 2011).

Learning Analytics has been in use at Hokkaido
Information University since 2003. This is
demonstrated in both Mugendai Campus, an e-
learning system for off-campus students, and also
in POLITE (Portfolio Oriented elearning for IT
Education), the on-campus e-learning portal site.

Mugendai Campus is primarily designed for
students studying off-campus. Typically, such
students choose to study from an combination of 4
different learning modalities: studying with a book
by themselves, studying online by computer
(Mugendai Campus), studying by attending
intensive courses, or studying via a live class
broadcast to an affiliated educational center. The
first is the cheapest option and can be undertaken in
any of four quarters over the academic year; the
second includes only a limited number of courses,
but is available year round; the third includes a
more limited number of classes, and each intensive
class will only be held in one of over 10 possible
cities throughout Japan: and the fourth is only
available to students enrolled full-time at an
affiliated school.

Given the alternatives, although Mugendai
Campus does not offer live interaction with the
instructor, it does offer a selection of analytics, both
for the benefit of the teacher and learner. This is
seen in Diagrams 2. 3 and 4 below.

Diagram 2: Total Time Online/Problems Completed
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Diagram 3: Mistakes and Number Correct

I Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
IEM b b ¢ ¢ d a a d d c
Jl¥(1) ax bo co dx ax bx c¢x do ax bx
[l3(2) be bo co ax bx ¢x dx do bx co
% @3) be bo co ax bx ¢x dx do bx co

Come on!

Diagram 4. Access Time Log
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49720140208 16:08:20 lchapterld |Circle 10
49620140208 16:08:18 |chapterl4 | Circle
495(2014-02-08 16:07:53 |chapterl 4 |Circle
494 (20140208 16:07:43 |chapter] 4 |Circle
493120140208 16:07:33 |chapterld |Circle

correct=10:answer=T F,T
comect=0;answer=TF.T.T

cormect=R:answer=T F.T.T]
8 FF.T.T]
comect=0:answer=T F.T.T|

CEEEE

Diagrams 2 and 3 provide valuable information
to both the teacher and the learner. Diagram 2 logs
the time studied for each chapter (or lesson), the
number of attempts at each problem. the maximum.
average and minimum scores, the number of times
accessed and the total study time for the unit or
course. Diagram 3 lists the learner’s number of
correct and incorrect responses in a multiple choice
exercise in each chapter. It also includes a
motivational message indicating the progress, or
ranking, of the learner. Diagram 4 is accessible
only by the teacher administering the course, and
displays each keyboard input from the learner, the
time it was made, and the duration of time that was
spent by the learner on each page, or in each
section.

Data logging on POLITE reflects its purpose as
an aid to on-campus students, showing other
numeric elements, such as the number and date of
papers submitted and grades awarded (Diagram 5),
the comparative length of time spent studying
(Diagram 6), and detailed answers to problems set
in class, or as homework (Diagram 7).

Diagram 5: Date, Score & Number of Papers Submitted
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5 Learning Analytics and e-book Readers

In all of these examples, it is easy to see how
access to data logged is both beneficial to the
student and the teacher alike. The server hosting the
e-learning site, or portal site, naturally records the
data as part of its hosting function. An appropriate
interface accesses the data and expresses it in a way
that is easily understood by the learner, and
valuable for the teacher. It can be analyzed and
examined to meet a variety of needs. Fields ranging
from study duration, completion rates, success
rates, incidences of repetition or revision, preferred
study times, rates of progress or problematic areas,
to name but a few, can all be scrutinized with the
aim to improve learning by collecting and
analyzing data. Additional information, such as
answers to questions, or advice in problematic
areas can be added accordingly.

However, it needs to be pointed out that such
access to data can only be carried out when the
computer (or tablet) is online. As noted by
Ferguson (2012, p.306), significant amounts of
learner activity take place externally, making
records or data logging very important, if the
teacher wants to utilize data reflecting student
learning patterns to improve learning outcomes.
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Diagram [. which compares the utility of
educational delivery modalities, also demonstrates
this point very clearly: while tablets are motivating,
reasonably priced, engaging, interactive and
portable, they offer few advantages concerning
analytics.

Thus, when the learner is using an iPad as an
offline e-book reader, it is difficult to collect such
data. There are fundamentally two reasons for this:
The first is that while e-books can embed problems
or exercises, they typically do not log data.
Secondly, when the iPad is offline, or not in a WiFi
zone (such as at the learner’s home or while
commuting to school), there is no way to send or
receive any data to or from the hosting server.
Finding a way to accurately record the data, and
upload the data to an appropriate server for
collection and analysis when the tablet is used on
campus, is the essence of this research.

6 Using e-book Readers on Campus

Hokkaido Information University has made a
firm commitment to using tablets on campus. This
is demonstrated by the fact that there are now more
than 1200 iPads in use by all faculties, with all
students (except final year students) being loaned
an iPad by the university. They are an intrinsic,
ubiquitous part of the learning process. both by
students and faculty alike. and are utilized daily.

Their uses include student response system
interfaces (including one developed in-house by
HIU and the other commercially), an enrollment
interface, an email reader. an internet browser, a
note taking device and a media viewer, amongst
other things. They are also increasingly being used
as e-books in several subjects, and that usage is not
expected to dwindle, with FD workshops on how to
design and construct e-books being held several
times a year.

However, as noted, one of the problems is that
faculty have no way to verify whether set work has
been completed. Whether the learner has accessed
the e-book, how much time has been spent, how
well the material was understood, and how much of
the e-book has been read largely remains unknown
to faculty. Diagram & illustrates the situation. On
campus, all data can be automatically logged using
the campus WiFi network. Data is sent to the
POLITE server, which is used to host learning
material and also has a robust analytic capability.
being able to collect, collate, analyze and display
data, However, when the student is off-campus,
and/or not logged into the campus WiFi system,
any activity by the student is unable to be
monitored, verified or checked by the faculty.

This is clearly not just a problem purely
concerning e-book usage, rather a realization that
when a student is using any PC or tablet offline, it
is difficult to know what study the student has
done. and there is no evidence or data reflecting

what learning may have taken place.

Diagram 8: Unable to Access or Log Homework
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7 Creating a Proxy Server to Run Under iOS

To address this problem, the authors devised an
iPad application called *maccha™. Maccha
fundamentally has two functions: to collect and log
data, and to upload the data to a campus server, in
this case, POLITE.

In the system. a widget is embedded into the e-
book, and all input from the student goes to a cocoa
proxy server, whereupon it is sent to a Sqlite data
base, which is stored until the iPad is able to
contact the designated hosting server (POLITE).
and upload the data. When the iPad is in the
campus WiFi zone, the data is automatically
uploaded upon the student’s logging in. In this way,
the study habits and data of students can be
recorded and accessed by both faculty and students.
This is shown below, in Diagram 9.

At home

Diagram 9: Schematic Representation of "Maccha™ System
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8 Challenges and Evolution in the System

In the initial version, which was primarily
designed to test the viability of the idea, logged
data included only the student number, problem
number, time and score. Furthermore, up till the
end of 2014, students were unable to log on to the
school POLITE server from their own home, or any
other non campus WiFi hotspot, hence the need for
a built-in proxy server and database. However,
from 2015, with improved security measures, this
dramatically changed, allowing students to access
the POLITE server from any external Internet
connection.

To some extent, this made the development of
Maccha partially redundant as the student’s logging
in to the POLITE server from any external hotspot
automatically uploaded all analytics data. As noted.
prior to 2014, the student was unable to access the
school server outside the school WiFi zone.
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Ilowever, there are two critical points that need to
be considered: firstly. if the student does not log in
before accessing the e-book, even using the 2015
system, data would not be automatically uploaded;
and secondly, e-books do not readily support
analytics, so the embedding of an HTML widget
into the c-book, thereby allowing data to be
represented as HTML files, fulfills the vital
tunction of allowing data input by the student to be
mincd and later analyzed.

9 Discussion

As noted by Siemens et al. (2011, p.3). Learning
Analylics is a “means to provide stakeholders
(learmers, educators, administrators, and funders)
with better information and deep insight into the
lactors within the learning process thai contribule
to learner success”. In other words, leaming
Analytics is about the learning process. Analytics
can help guide decision making about educational,
curriculum or course reform by flacully, and
identify where help might be needed for at-risk, or
under-performing students. Faculty can implement
intelligent curriculum design. and patlerns ol
success or failure will also become clear. In this
way, it is beneficial for teachers and administrators
while simultaneously providing learners with
information to empower and monitor their learning,
and increase their responsibility for their learning
activity.

It has been conclusively shown that it
students don’t enjoy or can’t succeed in a subject,
they may become “turned off, disengaged, or
uninvolved” {Sosa & Casanave, 2007} The field of
Leaming Analytics is largely concerned with
improving learner success by finding ways to
express the progress ot the lcamer by measuring,
collecting and analyzing data concerning the
student’s study.

While using an iPad in an educational setting
has been shown to initially engage students (Li &
Pow 2011, Enriquez 2010, Goodwin 2012,
Morrone, Gosney, & Engel 2012), not knowing
how well students arc progressing, or what scctions
in the course material are causing problems, will
likely hinder the learning process. This is borne out
by Gee’s (2003) premise that “without motivation,
there is no learning”. Thus, if students are not
engaged by the material they are using, they will
likely be demotivated, resulting in minimal or no
learning. Clearly, to evaluate how the student is
learning, what the student is learning, and whether
in fact learning is taking place, data expressing ihe
student’s study habits is needed.

This research proposal argues that students
using iPads as e-book readers would likely benelit
by allowing their study habits and the course
material to be objectively logged and examined,
something which can only be achieved by
analyzing student access data. Gaining such access

not only allows course material to be modified to
meet student demands, but also allows student
progress to be followed on an individual basis.
Improved material and student monitoring is
expected to lead to greater motivation and
improved autonomous learning.

10 Analytics and Privacy

One potential problem that needs to be
considered in this research is the issue of data
privacy and data use in Learning Analytics. Ethical
and legal issues. such as Japan's Educational
Records Release regulations, need to be understood
belore leachers make use ol any data, jusi as dala
ownership and access rights also need to be
considered. Furthermore, it has been noted that
some studenls may nol like the leeling (or reality)
of (their data) being watched or tracked around
campus (Campbell, DeBlois, & Oblinger, 2007),
just as some researchers have noted that there is
also a potential danger ol creaiing a prolile ol
successful and unsuccessful students, and that
Learning Analytics targets course completion more
than measuring student learning (Watlers, 2012}

However, research in role theory applied to SNS
usage (Bruneel, De Wit, Verhoeven & Elen, 2013)
tends to show that studenis clearly differentiaie
between privacy issues inside and outside schools,
implying that data mining for course improvement
and student monitoring will likely be accepted.
Morcover, as noted, provision to access private
course data not only by the faculty but the student
allows student self-monitoring, which research
shows leads students to become more cognizant off
their actions, study habits and progress (Dietz-
Uhler & Hurn, 2013).

Nevertheless, supervision and ownership of the
data does remain an issue. There has been no
directive on what rights learners have in relation to
their data, just as there has been no agreed or
accepted method for teachers and/or rescarchers to
obtain consent to collect and use the data. Perhaps
more importantly, there is no mechanism whereby
lcarners can opt out of having their data collected.
or ensure their records are erased when a given
ceurse has finished. Ethically, it seems questionable
for the institution to mine data from students just to
analyze study progress, develop trends and even
award grades.

11 Conclusion

[n this research, we atempted to develop and
creale a method Lo apply Learning Analytics to
iPads used as e-book readers. learning Analytics
ultimately aims to provide value to learners. Data is
obtained from a learming event. expressed in an
easily comprehensible manner, and employed to
understand and optimize both the learning and the
environments within which it takes place.
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While we initially constructed an application
named Maecha, comprised of a proxy server and
database, able to store data until the iPad was
within rcach of the campus server, the major value
in this research lies in the idea of finding a way to
collect vser data from an interactive e-book, and
expressing that data to gain insight on a
participant's behaviors and productions. It allows
both teachers and learners to know “what is going
on™ (Schneider, 2015).

With over one billion people now owning and
using tablets, more than doubling the number just 3
years ago, it follows that tablet use will rapidly
increase in education. That means that not only will
all tiers of education likely be using tablets, but they
will likely be the primary educational interface, after
the teacher. This further implies that as tablet usage
increases in class, the importance of Learning
Analytics in cducation will proportionately increase.

As Siemens er af. (2011) note, there are seven
significant benefits from utilizing Learning
Analytics: namely (i) reduction of attrition by early
detection of at-risk students; (ii) ability to adapt
learning processes and contents to suit individual’s
needs: (iii) ability to provide timely information to
extend and cnhance learncr achicvement,
motivation, and confidence; (iv) better use of
teacher time and effort by access to information on
which students need additional help: {v) higher
quality learning design and improved curriculum
development processes; (vi) provision ol
comprehensive. interactive visualizations of
complex information (dashboards) resulting in
better meeting needs: and (vii) faster achievement
ol learning goals by giving learners access o
monitoring tools.

Given these advantages and the impending
ubiquity of tablets in all tiers of education, further
pursuing the application of Learning Analytics to
improve learning cutcomes in e-books seems like a
valid and valuable research topic, something which
the authors plan to further develop and refine.
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The improvement point indication system for advancement of

Japanese writing ability for college student.
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Abstract
A decline of japanese writing ability of japanese college student is considered to be a
problem. In this article, we propose a system for making the elaboration of a report in
voluntarily basis to improve japanese writing ability of college students, and verified its

effectiveness by experimental systems.
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A Search Algorithm for Gaussian Parameter of Weighted

Kernel k-means Method Based on the Distance between the
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Abstract

This paper proposes a weighted kernel k-means algorithm to compute a Gaussian parameter based on the
distance between the set. The weighted kernel k-means algorithm is based on the k-means algorithm which
is a well known clustering algorithm, and makes it possible to identify clusters that are non-linearly sepa-
rable in input space. However, a conclusion identifying clusters with kernel k-means depends heavily on
chosen Gaussian parameters which are used for computing distance between data and determining an op-
timal Gaussian parameter is difficult. The proposed algorithm identifies clusters with the criginal weighted
kernel k-means algorithm after making a initial clusters based on the distance between the set and scarching
a Gaussian parameter. An experimental comparison in some artificial and real data set shows that a per-
formance of the proposed algorithm is efficient for a data in which each cluster is sepalated with adequate
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A —F I k-FEE S RIE T A e 7 T
AR T =Y ONEPABTHEI LD
D, BXRICZEME DT — & DDk TH B
ZEREL TS DR IICIZRADN
bd, —HT, AR LIV FAYY TR
F—Fxe X9 70HiRtAaEL, F—
FHIOBEMERZERTLHILT, 77AF Vv
TRT77270Hy FEBCREIE 3 TFET
b5, BFEMIE, BBz ERL, 525
i/ 77 DEiEESV 2 HWEED R &
BRBEIBRDTT7 WV, Vo, , Vi D5
ZROBMETH 5, ke HIBBDHRE
INTED (Chan, Schlag and Zien, 1994; Shi
and Malik, 2000; Yu and Shi, 2003), =X (8) @
Normalized Cut(Shi and Malik, 2000; Yu and
Shi, 2003) 23WENTH 5,

K limks(V;, V = Vj)
links(V;, V)

(8)
o, K= [k;j] iR v & vj DHFULEE kfj
ZERLTLHEPEGIITHE, BUEEL
Tk, R@) XTI AMBE L libs, 2
DIzth, NF7A—F BT EICKE hpEE b
25, ELEI K OBEFEE H—F VL
Lt 83 A—2NGAELEENS, £,
links(A, B) i2ffifia € A LEisi b e BDOEML
EoBATh s, BTy 7708 D M TIZHE
b cdH 270, k-FEEREE NP HEEc
& 253, Neut (33 (9) D174 I A il [E I
Bt 3,

NCut(V,K) = ” Lrpin "
1e¥V2e k}‘

1

DD x)p-Ye, 9)

o, RO DTF DI, iR o DR
m:zﬁﬁﬁ%ﬁﬁﬁﬁtT%N%ﬁWT£
%, X 9) DNk AOFEE @I 5 HE
7 bNzi(j=1,2,--- k) ERD, HjFlz
ZJ,‘ cl:'@‘%ﬁ‘ﬂlz = [Z],ZQ,--- ,Zk] @’%Iﬁ’i‘
F—F AR LTk FHEZITWIFASY
YT RERT S,
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2-4 BHFEHA—FI K-FEIE

ARZbPIN2 A 7L, S F L HM
EAFOHRFHTETVLIUE, BENICTE %
19 - FHEic B 2007 7 2 9 ~D AT
DEL b, o, WIS 2 5 A
FPoRET—FDHEICHELTwE, —J
T, [ ERE % fE < B3 B 7o B
ZMHEET S, UKL T, Dhillon(Dhillon
etal., 2007) &%, 7— 7O OAT
M ZE C N TERARAMNE N —FIL k-
PR REL L, BEANEZH -2 T
#:33 (5) orEkFEO HBE % X (10) ©
k912, &7 =% x; DEA w; #HRE L 1A
WEMML-FHETH S,

K
min ) Y, will o(xi) — M; |I*,

G jFxeq
k

s.t. UC),ZX;
j=1
GNG=0,1<jl<k,j#l.

(10)

L7235, & (10) & D 2 5 2 # R0 (11)
Ehd,

. ZI,‘ GCJI EUIIQb(XF‘)

Mj=—=21——, MjeRP(j=1,2,... k).

Z,‘QECJ.- wy
(11)
A1) &Y, 7729 M eRP LF—5
¢(x;) € RP oz (12) TitHTZ 5,

I Mj— ¢ (i) |17

2
= || M; || = 2M; - ¢(x;) + ¢(x;) - p(x;)
L yec; wrwoK(x,xp) 2 Lec; wiK(xi, X)

(ZII'ECJ: wi)z ZJ‘,ECI- wy
+ Kl%%) 2 f="1,2:5.5K)
(12)

I_Ct (10) @Frﬁ%ii, ﬁgf wy E’. K(I;‘, x") ’5‘1
TiOEEET 25 —FNVITH K 28Y)
KBRETHIEIRED, W2»DEHD
HWEBDARI PV A8 ) T E
PUEMICEAliich 2 2 EFEHENT WS
(Dhillon et al., 2007), A< T# 9 Ncut @
tgj'f:\a‘fi, Xi @yﬁﬁ d; = Z}L] K(x,-,xj,-) ’E‘ﬁﬂi
o E T 205 D L @) D47 AR
EHRLTAHMETIIAICEY, X12)D
K(xj,x))(1 <i,j<n) ZHEETEH—FNV

F -

fT9K%#K=D"1AD 1t L, &F—¥y D&
AEMHETETANAITIIWE W=D &
LaEdHiEaohwn, 74bs, w,=4; &7
5, 127701, EEICIZ D TAD - o ek %
fRAET 2 72 IEDOFEEE o 7 F oo ERIBIE %
Mz K=0D14+D1AD ! L5 208235
%, clZEHE L TIEDMETH 2057 —5 Doy
TRIARIC K - TR BEDOEIC L 2 T3 RAF ks 5
2158588 H D (Dhillon, Guan and Kulis,
2004) FFEAE L\, Z 2 TARFLTIE, e
WXl & 72 5 7o\ & Z 41T 3 28 (Dhillon,
Guan and Kulis, 2007), W = DlLK=AtL
L,

3 (10) DfYEE, A% C; DFERICBL T
HEvNRRBLLELE § 5 HlRELTSH
HI-ONPHEEE 25, Lizdi->T, RWAHRD
M z@O U TORANTLIT) XLz
WTEHRT 5,

Algorithm 1 A7 : X,k,6,C{V,clV,...,clV

BORL Bt 2 =1 THHLT 5,

2 KBF—FHLTEs 725 C o
D& DR~ (12) IcXhFHEL, B
W7 2 2D T 7 AZICH D YT
3,

3 2DO#ED 6 (10) © HEEE a5
L, ity ius (i =1,2,...,k)
PO LTHEEZETT 5, 295 THiT
Et=t+1ELLT2~E5,

Algorithm 1 O A CV(j = 1,2,.., k) 14
7928 Thd, k-FHLEH—2 N k-
Pk b HARYIC 3 Algorithm 1 TR Z 17w,
P 7 A%, NRF—FxeX%270%
HICEHYTBZ D%, LirL, EANE
B = k-FEE G 7 5 2 5 IREED
, W72 A7 ELT, MRTF—FxeX
ZIVTLICHYTTHL) ELABTER D,
% Z°C, Dhillon 51%, F—4%% 77 7 Offisi
LR LSBTy 7R L., T
7 DKL (Karypis and Kumar, 1998) & J&iii
P (Dhillon, Guan and Kogan, 2002) i & 9
W2 7 AZ ZREL T 5,

777 DAL, HEEEV, BEEAE,
HETH K»5%% 777 G(V,E,K) W
AhtlLlThHEzohittE 7597 Gol
BEBRNI L RBEHICHIERLEZ 7

747



BHMOMEIC RS CEAM &4 — 3 k- FIED N 5 2 — & PRk

G'(V,ELK)(|V| > |V'|) 2fFR L, [E#%
B FiETh 2, FT—IREX REHELEEV
LAakl, BPEFIIK Zh—2 70§
5, ZVFLGERLIx e VIEHLTH (13)
il THREBEHEA TR OHiIE Yy € V 2BIR
L, xtyz—oDHRELTELEDS,

e(x,y)
w(y)

max e(x,y)
(xy)eE w(x)

_i_

(13)

22T, A(13)De(x,y) & x &y DFEPET
x &Ly PEEMHOME P REEEIEENS
DEPEDOR E %5, w(x;) TEA w; &5
Thh, BEEOH SO L 22, PRRVE
AOMERZ, X (13) 2T yBHE200
WEERFEA L L, xidndiuc LT HIEEFL
ET2, BTOHEPERERE L2 TR
T *Hj(ﬂﬁLf:ﬁﬁ;‘.?%%fLL’ﬁTj}ﬁrl_' L, RLU#
R BPEMIC iR 3. HABEICEIT 2N
2E D F— S EEDORH 5k U T ThIUL, %
DEIEEEZT— IR LA L TEHALZ
A=FNE-FEEERIT TS, RiC, Boh
7 AN v rERCEL T, HX(bE—
BREIRT 5, HiNOBIESk LY BEECH
h, ZOHINEEET—VEE, HBEDY7 5
AF ) v TiEREMM 2 S A L LT, BY
EAMNEAD =2 -PEE2ETT 5, DT
HALSLTREEN, DT — ZHELSHET
EINFETERDIET,

Eoig, FEMOHXLEMERL, HEAaftE
A — 3V k- % FEAT L 7t RFTER%
79, RFERE, 2 HO0F—y%2BED
PIAI P oMOREZ 7T ASICHID YT
Z2H L =560R (10) 0 HEE O£ %28
BITLFETH L, 2T —FICH L Tl %
v, REMICENBEED RN L 2B T—5D
ADOFMY U TEEHZITH, T ONEZ HIYE
B L 5 ETHR LT, fEREL
THontk s 7 A8 %, ROMKBEREDE
By A2 ET A,

3. NoX—FZRICEHT SHFE

3-1 Zelnik-Manor 5D Fi%
Zelnik-Manor(Zelnik-Manor and Perona,
2004) 51, AR PINTFREY) T
BEWT, A7 AMBEEPELE LALEZDT
A—Fa2EENICHRET 3 HEZRELTY
b, T—=FDHAMGICETBZRHNRAr—V
BEETZHETHD, H—FNATHIOFEE

kii(1 <ij<n) %R (14) CHRET 3,

R x=x | an
= SP\ TGy (m) |

2T R(14) Doi(m) ld x; D miLfERE T
DOFHETH B, Zelnik-Manor 51, m IZJL0
FUCERB L THRETA20ERHBE LTS
DD, FMEEMIZL Twdv, L, Ehi
TiEdm=7 LEZEL TRFLEHRZBTVS,

32 Yu 50F=%

Yu & (Yu, Tranchevent, De Moor and
Moreau, 2011) l&, A7 L7 5 A% Y
VI BT B =21, B R
FA=FEHOT—2HEBETZOTIEEL,
K AS) DL I ICEHBD AT A =% ZHOTH
BLEEA—2NMTHOBIEAIE TS LT,
NI A= HEEONES Z BN T 5 Fikiz i
ELTw3,

i P
Q=Y 6G,v6,>0) 6 =1 (15
r=1 r=1

22T A5 DG G, =PKPTHD, K,
W rBEHOA—FN T A—FEZATHEL
feh—=F0VFT5l, PIEP=1-(1/n)zz" 12X
hF—& oduia FE Aol 25T, 1
HZATHl, z BEBSRTIOHRT FLTH
5, £, SIFIEFARD AT A —FTHS,
K @15) &b, HAC p DA —FNI8T A —
YEMBELER, 6,(r=1,2,---,p) ZHET
ZHEHNH B, Yubld, ETAXI I
PIRY) T RITV, Bok I FRY
Yy TRERBBAIZRALELTEYZ 5 AICH
T % A — 2 VHRI 3T (Mika, Ratsch, Weston,
Scholkopf and Mullers, 1999) %179 Z £ T 6,
ZHELTWw3, EEOHBIE-NLTY 7 A
MOHAT 2 BT 2 X9, B HElhs &
BT, zOHHIHRICNT 2 0, 2HEEL, 76
N0, THELLZEBELET 2oL TR#
EhsamL VWil EET S LR, 77 A
BB 2L e s EFTRDIKEY, EA
LH Gy =1 DA, HiEE TH 2 EEDH
Al N U CHRBED 6,(r=1,2,--- ,p+1)
ZWRET HFEREERFEE LT, X (16) T
wlfbainsg,
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max u,
i
SLO >0,r=12-,p+1,
ptl
)8 g2,
r=1
p+1
Y 0:£+(B) > u, VB,
r=1

fr(ﬁ) = Zk: (lﬁTGrﬁq = ﬁq - ﬁqY_lb) ’
U q

ro= ], 2w g1 (16)

T, K (16) @ BIXHRIE % E D B EHT
R FHTICE T 5 RELFEDORETH S, &
7o, ZigHFBEENDSNDO I 57 RS 21 L
—1 THET 2 n EOEM 7 <% &
THMNATITH S, 6 3MEEZHET 557
A=HTYubids=1%L THRFHEMET
FAMELTVw3, A (16) DS KX, £3, [
SE L FATTED B ot L TR (16) ORI EN HEiRY
HeREo2RDD, RiC, Bohtizo2HL
T1METS 2 5 R ICHER L f i/ 5
H— hR7 ¥ —= v (Suykens, Van Gestel,
De Moor and Vandewalle, 2002) (X ) g %
kDb, RN -FHER—FRIF—2> i
287 7 2k LT (17) o A
BRI E LEMiTH D,

-

N, BEEFERERE & AR A R L
HE 28, FEOBIcKL T (16) % il
T20%2RDBLENH S0, X (16) D 4
THD gIcT 2Hl#301 1 Blo#EE L 1
DTOMATWLZ LR B, Yu 53R (16)
D0 X 10 HIFREOBIKL TRES ELTL
5, KOO EHOTHURARZ P IFNVT T
A& v TRfTw», BT, & (16) O EMEGT
HEEARZ IV FTAY) L TRT T
AW L L b ETTHAIIKEDIET,

0

v @

3-3 XXk (W0, 2014) DFE

SCHk (W, 2014) DFEEIZ, WMHAS T A =% 6
ZANELT, 20807 9 27 BoREERA
W5 X5 ICmElNc Y 9 29 DEEZT,
FOEHEZMETLICAFIA—FIDEHZ
19, #LC, A—2 N kB2, BT
HIBEEOMEPZ L <22 % T, LiD3

F -

BRERYIRTHETHE, 77 AYDER
2802 5A% C,,Cplart LT, BEF—
YDEGEE X, CC tTBE, Yxe(C, - X,
LG, LOBMEN VY € X, & C, L OB X
BNE S BEY, 399, IG—XE GUXD
FBEDRRICZ S X HICRET B, 61,
Vxe C— X, & VX' € CUX, D3H \WIZ kT
oV EIHIICTE, CDEE, VTR
Coew = C, — Xq & CP*W = G U X, DEHD,
BLY, Crov ORI x, € CIW, CIeW )
BOEHE x, € C0W L offilicl L TU T D
ABHVLT 2 & H 12 "W 2 RET 5,

MRS — p(xa) ||? < || MBS — p(xa) ||,
(18)

IMEY — () [1* > || MEY — (x| -
(19)

TIT, MMV R 5 R Crew b TdH
h, A—F VBB Xk H MY HEH B

2T BHEZIEMW RHVE, RNFIA—F I
K (20), X QD) K& HBEXEF 2T,
MW =p§, (20)

1

p:

; 2 2
Lo IV, [ = M) — x|

(IG=T-1) _ (c-1)
|CEEW| |Cn&_wl
(21)

R 21) D MM 127 5 28 ChW D
THY, H—FrBEE k) MM pEb
BEEAT AL EIZ MW TR SEAN
%, slds € {—1,1} THREAABIES A%
5 -1, AFELES 1% L3, EAAERSR
oIk, T X0 O EEE
DORftEREMNHATS, 77 A% C, DLE
DR, BXU, 27729 C,DE
Bomt x, DHEEORKM, H/ME, HoeqE
2, TUZN, dymax Dpmin Apmedr BT,
dn,max; dr.t,.l'l‘lir‘l; da,med 7%, bL, db,max <
damax % 5 6 DERBEM 2 [dp min, dpmax] &
L, 0 <dpmed ZHIESM, %9 ThiJduIa
HEA2BET 5. £, dymax > damax 55 6
DX % [da,mim dr:,max] EL, 6 dﬂ,med
k6 IEf A, 9 ThiFtuItahinzREd 3,
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4, BEE

fERETdH B 3k (W), 2014) DTl 7 5 A
& OEED T ICEELT DT, 20D T A
Pk BETF—ZICHLTRESTHE LD
D, 77 A7 EOEELG TR TOTH 7
FAZEMEZBE I IAY Y IR ROE
Endgt, £/, 7 7AYo EE o
NTVRWE BRI SIAYBELT— BN
st 5 7% E QRN DD 5, AFICTIE,
EiloMES oW R 2 RN T 5, RIS,
fEREERBROFEZHICED, I AL—F
NWDINT A= RRETHD, fERED LI
Z8 T A —FRBE A — RN - PR H
WERDBETOTIER W, fEkEER, 074
kDL 2 7 A% o LThH—F L k-F
W e T, oo iR o W2 SE e
77 AN ELEE ANBEI L L VHN
HELTWwWEEd, 772A9RHIHMAB LG
BEROALEICL D, 22T, KT,
PTo&TFN%Z 1 [A$F25HT 3,

(1) EAH DML ESEICHIH 2 2 25 % F
K3 %,

(2) I 2 RS 2 3BET B A —FNI8F A —
Y wRET D,

(3) EAMEA—F N E-FHEIZEID 7 72
2N T &1,

EEREOB) ICHBEHI, ARZPIFALT TR

NV TEDORBOLITI D, 2727V

Fi L L CEHEAMNE S — 2L P2 A

T3,

4-1 FIHRO 5 A5 DRE

Y, EROEREAA={a|aecRi} L
B={b|be R} DEAMDHEd(A B) %
A2 ek hERLT 3,

d(A,B)= min |a—b|% (22

VaeANVbEB

A (22) CTEEN—DDEL, DFhH, A=
{a},B = {b} DL &I, BHED L, / VA
d(A,B) = d({a},{b}) = d(a,b) = [la—b|?
L, £, RBEHELEL T, BEGLD
HigE% 0, 20, d(AQ) =0 LEHT S,
AR(22) &b, RT Lo%EA A B,C,D, icBL
T, A (23) DHWHEH Y 320,

d(AUB,CUD) =
min{d(A,C),d(A, D),d(B,C),d(B,D)}.
(23)

R, BT 2, 77 A7 oKD
Tt T Ty EEL W RHEL E
Kl1crhERMT 3,

EEL X (24) 2WTTF—IREXDK(> 2)
o EaZ2RER L T2RE% disjoint (X, k)
EERT B,

disjoint(X, k) = {X; | U1 X; = X,

X;NX;=0,

d(A,X; — A) <d(X;, X
Joax il Xy —A) <A Kele
1<ij,t<kj#tk (24)

X (24) 1% disjoint(X, k) DEHREERIC 257

WU 7B A T 0 E#EDS, disjoint(X, k)
DEFZFLOEHEL H/NI VLI L2EKRT 3,
T, Az 20HL L ZoMNEAR LD
HiEtOEE 2R T,
EE1L |X| 22t 58ROT—F8£E
X={x|xeR}OWHELY L ZHR
(25) 2l £ &, A (26) LK (27) WY
PR EH1HD Y, Z BHHET %,

Y =argmaxd(A, X — A),

Acx
Z=X-Y. (25)
—B) < :
\?r%g){/d(B, Y—B)<d(Y,Z) (26)
—_Q) <
ér(j\g}éd(c, Z—-C)<d(Y,Z). (27)

iR, £, XOTEEO = 20HEED KB
d(x,x")(Vx,x' € X) B2 TRELGH24Z,
A (26) DIMALT B Z L &GEHT 5, fRKIcK (28)
EWMET Y, L BHEETEET S,

d(Yl,Yz) > d(Y, Z),
Y1iUYa=Y,Y1NY, =@. (28)

XOIEED DO EFEORENETHRLR S
EWIHRELD, —#BEZ2RbOT I(Y,Z) =
dN,Z2) <d(Yr,Z) EREST 22 LT, A (23)
xbh, KX (29) LT B,

d(Y,UZ,Ys) = min{d(Yy, Y2),d(Z, Y3)}.

(29)
R@)IBVT, bl,dUZY) =
dYL,Y,) B o IR (5) K FBET 5, %1,
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d(Y] UzY:) = d(Z,Yz) %6 IE, d(Y1 W
Z,Y5) =d(Z,Y3) >d(Y,Z) £&bh, ®ib,
RQ25)ICFET S, LizdoT, R (28) i
723, Yo 3T, K (26) 0I5, A
@7) 22w Ty, FARRICHEHTE 3,

Kz, X DEEDO H>DOBEFOHE ICF L
bOVHEH5EEHAD, A (25) ZikIHE
BOY,ZIcBWT, L, X (Q26) 23X
VY OETEA Y, YL BFEET B5EE, Th
bb, d(Y,Ys) > d(Y,Z) Ziit T Yy, Yo D3
T 2854, X (30) 2 THENH S,

d(v1,Z) =d(Y,Z),
d(Ys,Z) = d(Y,Z). (30)

RS, HiLlY=X,Z=ZUY ELT
b, XB1) &Ha 25) BT 27D TH 3,
d(Yy,ZUY;) = min{d(Y;,2),d(Y;, Y2)}

=d(Y,Z). (31)
A (26) Zi-Z R0 Y, Y LT, & (30)
DWE RIS T 52720, LT Y 23K
(26) 27T ET, YORHEHL Z LY DY
EADEEEBYIETZ LT, R (25) L (26)
iz Y, Z#ROF5 LB TES,
LR35 Y,ZicBLT, & Q27 2
1=\ Z DEIEE 71, Zo BEEET 2548,
Thbb, d(Z],Zz) > d(Y,Z) w7 d 21,72,
DT 254, AN 32) 2T 481535,
d(zlﬁ Y) = d(Y) Z)!
d(Zy,Y) = d(Y, Z). (32)
I, AB)z2WMAT Z 0 TEL
271,27, 3FAET 5 LUET 5,
(224, 223) = (Y. Z),
ZZiUZZy = 74,
ZZiNZZy = D. (33)

DB, ZZ1, 27, 33 (34) % Wit Ty
%

d(Z2Z,Y) = d(Z,Y). (34)
i &, RIC d(Z2Zy,Y) > d(Z,,Y) THh
i, K@EB5) &b, RS ICFFET270THS,
d(YUZZ1UZy, ZZ)
=min{d(Y, ZZ,),d(ZZ,ZZ3),d(Z3, ZZ5)}
> d(Y, Z). (35)

F -

Rk, d(ZZ1,Y) > d(Z1,Y) B5 g, d(YU
72,U2,,771) > d(Y,Z) & h, ®i3h,
R (25) L FBET B, LEadsaT, Z H40
tEo25, IV, YOHEED 25714
Y],Yz(ylLJYz = ¥; ¥ MYy = @) icfb 2
FEEECPIL T (36) BIRAL T 5.

AN UZZy, 5 UZZ) =
min{d(Y,Y2),d(Y1,Z223),d(ZZ,,Y,)
fd(ZZ].:ZZZ)} S d(YIZ)!
d(Y,ZZ1UZ7Z)) =

min{d(Y, Z71), ﬁf(Y, ZZ;;)} < Ei(Y, Z)
(36)

8L b, YL ZE Y=YV Z=0 k
Bz b Y icBIL T 26) 5 ZL TE
h, R@7) %I ZIETIAB)D
HH, BLU, 20 ZOEHEEHR (33) %2
W7z THA DR (34) OMEE I PRI AL
5, LTet3>T, LU, Z 83 (27) %7 $
¥T, ZOPDELY L ZOWDEADRESE
yiRz £t X (25), A 6), X (@27) &k
TY,Z2#ROFBZEHTES, O

Ric, EH12MWT, disjoint(X, k) D
e 2 R T,

EE 2. HROF—2HE X = {x | x € R}
LM KDEA SN, |X| >k AT L E,
B2 kb0 disjoint(X, k) BEET 5,

EH. ¥ 9,k = 208 Ei, EH 1
Y b, disjoint(X,2) BT B, Kic,
disjoint(X,k — 1) WHEET % LRE L
T, disjoint(X, k) D H#EAEELZEZ 5.
disjoint(X,k—1) = {Xy,Xp,--- , X1} £ L,
& X(1 < i < k—1) o disjoint(X;,2) =
{A;, B} loNL T, argmaxd(A;,B;) =k—1

L 5, COLE, A, =SUT,SNT=0
%Ym")ﬁ‘f’:'ﬁ'ﬂ"ﬁﬂ) S,T, 3'5:]:0:, Bk—I = Ir

V,UNV = @ 2% 380 U,V 2R (37)
it g,

d(S5,T) <d(Ar_1,Br 1) < in d(X;, X;),
(S, T) <d(Ax_1,By—1) 13}.{}.21;91’5%}( i X;)

d(U,V) < d(Ag_1,Br) < min_ d(X;, X))
u,v) < (klkl)lﬂgwuéi i)

37)

7, Xi(1<t<k—2)icBILT, & (38) 28
Wi $ 5,
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<d
d(Xp—1, Xt) < d(By—1, Xt). (38)

& - T {X1, X2, , Xp—2, Ap—1,Br—1} =
disjoint(X, k) L% 5, O
LT, EE2EBELITHEAZ =
(X1, Xa, -, Xy} BSBTADNILE VY € Z
DECEFEEE NN(Y) 2K (39) TERT 3,

NN(Y) =S = argmin d(Y,S). (39)

vsez—{Y)
EM2OFHADEZ ST LD R 1B o515,
% 1. disjoint(X,k) = {X1,Xa, -+, X;} l2 5
VT arg mind(X;, NN(X;)) =t ® & 23 (40)
PIRILY .,
disjoint(X,k —1) =({X1, Xa, - - , Xe}
— {Xi, NN(X¢)})
U{X; UNN(X;)}.
(40)
SEH. MMERDT L = KLNN(X) =
Xpy £33, 2O L ZF, disjoint(X, k) =
(X1, Xa, -+, X} OBE LD VA C X, VB C
Xy AL TR (41) BR2T 5,

d(A, X; —
d(
d(

d( Xy —

A) < d(Xyp_1, Xi),

B, Xy1 — B) < d(X;_1, X),

A,B) > d(X;_1, Xi),

A, Xg_1— B) 2 d(Xp_1, Xi). (41)

Ff, SUT = X UXe1,SNT = Q@ %l
THEEDS,TEZS = AU(X_1 —B),T =
BU(X, - A) Lt&BTE5%, X 41) &b,
d(S,T) (CBIL TR 42) I § 5,

d(S, T) = min{d(A, B),d(A, X, — A),
d(B,Xy_1 — B),d(Xy — A, X;_1 — B)}
<d(Xg—1, X)- (42)

o, FEDOX(1<t<k—-2)IBELT,
2 (43) DKL T B,

d(Xl‘f Xk—l U Xk) = min{d(xﬁf Xk—l)!d(Xh Xk)}

= d(Xg-1, X). (43)
A @42 X @3 XV, XU X
(& {Xl,Xz,- .. ,Xk__g} i & L T

disjoint(X,k — 1) O & 27 L Tw

% i?ﬁ..SUT X;,SDT @ Z it ¥ T

d(S,T) <d(Xi, X;_1),
d(S,T) <d(X,, X;)- (44)

X 44) £ b X 45) BRILT 5,

d(s,T) < min{d(X;, Xg—1),d(X:, Xi) }
<d(Xi, X1 UXy). (45)

K@) ED, (X0, X, , Xeos} B X UK,
I & L T disjoint(X, k — 1) @ & % i
el Tw3, & 612, disjoint(X, k) =
{X1, X2, , X2, X1, X%} & b,
X,Xp, 0, X WL TWEME K
2@zl TWw3, Lo T,
disjoint(X,k —1) = {X1, Xz, -+ , X1 U Xy}
Eib, O

EF3 F—IHEEX DEBO_20OEE x, ¥/
DEMENETRES L&, disjoint(X,k) 12—
HicEE 5,

SERA. 9, k=20t E—RHICEEFL VL
REL, 2D disjoint(X,2) BDEFLET 2 LD
L¥3, 28% {A,B),{Y,Z} 3 LR 46)
i fe§

X=AUB,ANB =0,
X=YUZYNZ=0,
{A,B} #{Y,Z}. (46)

Fh, EED AL,ALB,Bp Z AE L,
{A,B}, {Y,Z} MoBR%E X 47) £ ¥ 3,

A=A1UAyAINA =0,
B=ByUByBiNB, =,

AUB =Y,

A,UB, = Z. (47)

ZDLE, d(AB) =d(Y,Z) ERET B L,
disjoint(X,2) = {A,B} B LU X DILEED 2
SR ORM T REBEL Y, d(AB) <
d(A, By) % 7:12 d(A,B) < d(AyBy) % il
k3 nidks v, RICdAB) <
d(Az,Bz) £EF 3L, —HTAUB=Z D
disjoint(X,2) ={Y, 2} DIEL Y d(A,B) =
d(Y,Z) > d(Ay,By) i Tl % 6
FFET 5. £7, d(AB) # d(Y,Z) b
d(A,B) <d(Y,Z) LET B L d(Y,Z) 1ZK

797
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48)~ X (51) D F Ll I kT h
57\,

d(Y,Z) = d(Ay, Ap). (48)
d(Y,Z) = d(By, By). (49)
d(Y,Z) = d(Ay, By). (50)
d(Y,Z) = d(By, Ap). (51)

R (48) 1 d(A;, Ay) < d(A,B) < d(Y,Z) &
DF¥ET 5., X 49 bHEBKTH S, K (50) 12
d(B1,By) < d(A, B) < d(A1,By) = d(Y,Z) %
WS asd, —AATB CY,BbCZ
&9 d(By,By) > d(Y,Z) bili7e$RENH Y,
PO FET 5, R (Gl bAKTHS, Lk
D30T, k2 disjoint(X,2) RFHELT B
ICEE S,

KoL, disjoint(X,k — 1) A% — & I
EE B LKRET B . disjoint(X, k) B
~HicEEFohhwENREL, 2o
{A1, Az, -+, A}, {By,Bo, -+ By} % 3
I disjoint(X,k) TdH 5 & § 5, —#1E
% b ¢ argmind(A;, NN(4;)) = k

1<i<k
argmind(B;, NN(B;)) =k T2 L%1 LD
1<i<k

A (52) LT B,

disjoint(X,k —1) = {Ay, Ag, -+ , A1 U Ag}
= {B1, By, -+, Br1 UB}.
(52)

A tUAL #B_UB LT3 &Et(SZ)cth,
A qUA, =B(1 <t<k—-2),B_1UB =
Al < u < k—2),t # uzii?d tu 2
TEL, X DEED “[AROMEI2TRZS
EVIRELD, d(Ak—-lfAk) =+ d(Bk_], B;\)
Ehd, HMEEZEDLT, d(Ak—llAk) >
d(Bi_1,By) 93 &, SUT = B,SNT =
@Q#zWiTHASTICHNL TLST) =
d(Ak—erk) > d(Bk—'lf B;\) WAL T 5 %
& {By,By,-+,Bi} = disjoint(X,k) IZ F
Bt 3., £, A1 UA, = B U
By 22 {Ay1, Ak} # {Br-1,Bi} £ 3
& disjoint(Ag_1 U A, 2) # disjoint(Bg_q U
By,2) £ 0, k = 2 T disjoint(X,2) H3—
BREEBEBRILLELRT 3, LEedioT,
{A],Az,"‘ .'Ak} = {B],Bz,”' ka} THh,
disjoint(X, k) b—REICEE 5, O

KIS, RETHEOHM 7 FAY ZELRT 57
DOUERETE, XDWTERAET C X6k

F -

LEN={T|TCX,TNT =@,VT' € N}
NBhHZoNLE, NOHTHENSLLHE
B SRR (B3) DL D IHET B,

S={T|TEN,
(ANN(T) € S) v (3T’ € S,NN(T') = T)}.
(33)

— I, NN(S) 123 L b nhFidk % i 7=
TEIIMRS 4w, DD, S=NN(S) o
NN(NN(8)) =8 xRS v, X (G3) 1S
DEF L 155008 o S DEFEDFHIHFE
FEThHrh, 13, HEOELHEEENSD
HETHZLERT, 2FY, HBTEN
MTESERdhoE, TESIIRGY F7-
130 (55) Z Wi/ T HDH B,

INN(T) € S. (54)
3T € §, NN(T") =T. (55)

LcdioT, NDOoBEYLEET 2 —%F
WL, S={T}EL%HB, SOLERELN
DEBEFICHLTH 54) £ R (55) 2R L
L, Wi ER#EALE T ICHL T,
S=SU{T'}, N=N-{T'} £$32¢tC T
el S TES, ¥k, ZOBRER
N=@Q t%haZT#HYETI LT, NOIT
HEDREGSEER LT 2RGE2FNTE S,
ZDXHBEAD(N) 2K (56) TEHRT 5.

D(N)={S|S={T|TeN,

(3ANN(T) € S) v (3T’ € S,NN(T') = T)},

Uysepn)S = N} (56)

SOELY, HeH»IZVS, S € D(N),SN
S =@DHRVT B, £/, NOZXEKEORIA
BB L CTHMEDS K E v B koK
Do EE%RN (57) DL 912 NNi(N) &%
#£75.

NNi(N) =A{T | [INNk(N)| =k,
d(T,NN(T)) > d(T',NN(T")),
VT’ € N— NN (N)}. (57)

X (57) 2 AWT, K (56) & FolLtF sk & ot
BREO BN LD T e N (2R (55) ZiEA L
BOLXIHICHET S, $hbb, X ORIES
TCXWoRbEEN={T|ITCX,TNT =
ONT € Ny Gz ot L %, N Ok
BDSEBEFLTBHEE D(N) 2K (58) T&
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#£95,
Di(N)={S|S={T|TeN,

(NN(T) € S)v

(3T € S) A (T' & NNi(N)),
NN(T') =T)},
Uvsep,(n)S = N} (58)

A (58) IE T € SH NN (N) DEHED L X4,
N(T) %2 SOEFKELAEWI L2ERT 3,
AGBS)ZHVT X DT EGEZEELT S

HEE D 2K (59) D X ) ICHRIICERT 5,

b= {00 (=1
Di(Dj—q1x) (i>1)

ASINIS, |Dyy |= k&Rl 3 L &, Diy = Dy
LEFRL, REFHRICBUIBWM I IS
T2, Dy DVEER T, D D&EEEL
Z DRTHE £ OFEEED S 7 284 Dist; &R
(60) TEFET 2,

Dist; = {d(D,NN(D))|VD € D;;}. (60)

Fle, D DEEFEL ZDROEHM L OERED
KEWw EfZk @OESE Disty C Dist; &5E
=L, Dist; y DMz min(Disf,-,kj L EF
T35, TOLE, DWTFTOEEDBKLT S,
EHE 4 TV EE X DERD - DDEH x, o
DEENETRE S EE, NN(Dj 1;) OE
# D O 1T min(Dist;_1;) = d(D,NN(D))
il THE D I {D} [ Di,k' F =13, {DU
N(DJ} € Dix b, 3L, NN;‘-(D,-_U()

D DUANDERES NN(Dj_14) — {D} i3
NNi(Di-1x) —{D} C Dy £ % %,
A, NNi(Di_1x) = {D1,Da,-++, Dy} &

LT, Mtk %E Kb T min(Dist;_1y) =
d(Dy,NN(Dy)) £¥3, %7, Dj(2<j<k)
Pl {Df} € Dix LB LERT, T,
Di(2 < j < k)R (54) £ (55 2t
XhuIkERBIELOY, Dy OERX
h, D2 <j < k)KL TR (55) DR
BFfrbkv, 2%D0, S = {D;} iKBLT,
S=SU{NN(D))} LixLZwvEd, R (54)
imleSnwI EEREE kv, LidiaT,
D; ¢S k%3 SIHLT, S=5U{D;} &w
7 Ml As¥#E L&V & 9, NN(D) = D; % i
729 De Df,,u{ == NN;{(D,'_.-UC} MIEEL 2o
LEEREE L, HiZ, 20X % DBE

£+ 2% 612 d(D,NN(D)) < min(Dist;_1)
ERBED2<j<kINLTRA (61) 2l
IHFER S Y,

d(D,NN(D)) < min(Dist;_1)
<d(D;,D). (61)

—J<, 4L, d(D,D;) = d(D,NN(D)) ¢
HWidp A (61) ICFIET 3,

d(D, Dj) = d(D, NN(D)) < l‘l‘l_i_'l'l(DfSti_-Lk).
(62)
X, Dy ¥ {Dy} € Diy, %1%, {D;U
NN(DI)} = Df,k EBZ T, {D]} =
D icB LTI, d(Dy,NN(Dy)) & Dist;_q —
Dist;_ 14, 2% 9, NN(D) = Dy 27§
D e Di—l,k =2 NNk(Df—l,k) PHEELZVE
HCBH Y, D(z < j < koHBGERLDL
LI ICFEHTE S, {DiUNN(Dy)} € Dji
B L T, NN(D) =Dy 273 D €
Df—l,k o NNK(DJ'—I,R‘) ﬁgﬁﬁ—é—%géﬁé 5,
ZD LI % DK LTIEE (55) 23|l 72175
flignsd, 2¥hH, De St%5%S € Dy
VBEET B 61X, S = SU{Dy} (5T
ENnBd, Dy € Sex L TEak (55) 133
filiXizvs, Ld3>T, {DUDy} € Dix
Thdlzdicid, XG4 BFEM S v X
9, D = NN(A),Dy = NN(B) zii7c¥
AB € Diqx— NNk(Di—l,k) BEEL W
ZEERETLG, RIS, ZOLIR A BN
FET 2D THIUE, NN(Dy) = D, 2,

NN(D) = Dy X b3k (63) 2IRLT 5.,

d(A,NN(A)) = d(A, D) > d(NN(D), D)
=d(Dy,D

d(B,NN(B)) = d(B, D1) > d(NN(Dy), Dy)
=d(D, Dy). (63)

A63) kb, bL, ABBHFETZDTH
11 d(A,NN(A)),d(B,NN(B)) € Dist;_1
LashIniE ST AB € Diy—
NNi(D;_14) W FIET 5, O
EE S5 TV EA X DEED_>DEFE x, x
D4 TR2 2 L&, A (64) DEERDIK
9B,
min(Dist;_1 ;) < min(Dist;;), (i > 2).
(64)
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M. 9, EEO D € NNi(Djqy) &
s(> 1)l {Al,Az,--- ,AS} C D4} [l £
L TR (65) BSRZT 5,

d(D,A] UAZU"'UAS) > d(D,NN(D)).

(65)
£7, NNi(Di-1x) = {D1,Dy,--- Dy} &
LT, ~#t%%KdH T min(Dist; 1) =
d(Dl,NN(D‘i)) LT a5k, EH4 X h, D;e
Dit,(2 <j < k)tBBDT, NN(Dj) €
D-j_u\- ral D,"k DEFZ S € D-;,k LT3
E, R(65) L b, R(66)HILT B,

d(D;,S) = d(D;, NN(D;))
d(D;,5").  (66)

< min

WS'eD; —{S}
Lido7T, St Di,k BT 3 D_-f @%5&
FEHS = NN(D;‘) bl B Dist; 1, —
{min(Dist;_14)} C Dist; i3, RKIT,
Dy B LT, D; A3 Df,k DERLELESE
&3, Di(2 < j <k L&k NN(Dy) €
D; 14 &® L Td(Dy,S) = d(Dy, NN(Dy))
iite 9 S € Dj'_k MEMAEL, S Di,k iz
BIID D OREFEFZS = NN(Dy) & X
h, d(D;,NN(Dy)) € Dist; %5, —HT,
{D1UNN(D1)} ﬁiDi,k @?Q%k&’)f’c@é‘,
NN(NN(Dy)) = Dy 23ALT %79, X (65)
£b, {DiUNN(D;)} DRGEFHEF S CBIL
T (67) BIRLT B,

d(D; UNN(Dy),S)
= min{d(D1, S),d(NN(D1),S)}

> min{d(Dy, NN(Dy)),
d(NN(D1), NN(NN(Dy)))}
=d(Dy, NN(Dy)). (67)

L##oT, & (67) &Y, D;UNN(D,) &
ZORMIHEES LOWEEd 13 d € Dist
»od > dD;,NN(Dy) %%, L,
d < min(Dist;_yy) 2§73 d H%d € Disty;
% 513 EFLO kA8 Dist; y IC& Fh T U
572 7® |Distiy| >k LAV FET S, O

RIS Dy ISP 2 LT O EEBR 615,
THE6. 7T—VEAE X DILED - HDHE x, ¥
DR TRAE S L 2, Dy = disjoint(X, k)
TH5,

SFE. D DE#ELY, VD,D' € Dy ICBIL T
DND' =Q :%3MDT, AUB=D,ANB=

F -

@ EWI-THEED A, B OHEREd(A, B) DA
fH dp g D30 (68) 2729 Z L R IX X,

VD; dD_.nmx <Vg}gb:‘i( Df; NN( D’)J (68}
Dy 3 n HIDOK (59) D#fEtHons, T4
o, Dy=Dy 2958, D=AUB LS
X, B5x e AL x € BOWEEd(x, ") N
d(x,x") € Disty (1 <t <n—1) 27§ &
EidHs, LT, EHS tAbELIL
T (69) 2540, K (68) BT 5,

dD,max = d-(A; B) < XEIE,?’-IGBd(x’ x’)

< i Dis < min{ Dist
—3:,11;?11-{1 L“ti‘,k} = II‘LIIL{ 1s n,k}

= min d(D',NN(D")). 69
¥D'eDy ( (D)) o
O

bLXDERED 2 AHEOEEE2TRE
50 THNIE, EHG6 LD DB —RICEE
2, LidioT, D27 7A%ELT
HIAB—FNDNRFA—F2HfET S
&C, disjoint(X, k) = {C,Cp, -+ ,Cr} 21
LT OMEETNE, 77 A% ) THiRS
leCZr”'ka tih ‘ﬁ&:ﬁ:i%u T &
X iz GATnuih, 2728 NDY
fIc B R 3 L) T RED5E,
disjoint(X, k) D32 7 A% ) ¥ 7 O kK Ti#EY]
aElE s oAt SH 5, 22T, k
SO &) BIRVUCIETES X5, BkfEr 2
MWT D 22X (70)D &I ic D}y WHEMT 5,

D(X) (i=1r>1)
D, = Dy (X) (1 =1 pr=1) 70)
’ D(D;_j;) (i<r)
Di(Di_yy) (iz7)

A (70) D D, 2 Dy | = k &Wf-d & F,
Dj, = Dy L ERT B, r =1DEZH,
Dl =Dy &85, Fle, r=20D¢ &R, —
DT—FDB D, DEKLLRZIL, Thbb,
Hx}eDp ERDZILZRITILILPVTES
d, SHUENH L %%, De D], %51
D € Dy bidis bvsted, T radiing 2
(CONTHBEDK Z WEGHIORGAES %5
tEZOND, AWXTiEr=3%t9%, D]
Z2RDBTNTY X L%E Algorithm 2 ILR T,
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Algorithm 2 AJ:7,k, X = {x1,x2,- - , x4}

1 j+«1&755%,

2 —D2OF—FEWMIFRIELTY

ARG Dy = {GCi | G = {xi},i =

1,2,-++ ,n} Z{ERT %,

Dyl =k7%6 Dy ZHILTHETT 5,

NN+ @ E§ 53,

T+ @ET3,

YC € Dy lcxf LT NN(C) 2k® 3,

i>r#z6iE, d(C,NN(C)) AKEF\w |

k8D C%E NN, DEFRELTMA,

Dki—Dk—NNk &—g_":)a

De@tv3,

9 DpDHrs CE—20FK L FoEH
#2119,

N U o W

oo

Dk — Dk_ {C}
D+ DU{C}
10 NN(C) & DyUNN; % 5% 12 ~ids,
11 AT OEHZ{T 10 MRS,
D+ DU{NN(C)}
Dy + D —{NN(C)}
NN; + NN; — {NN(C)}
C «+ NN(C)

12 NNTMP + D,D+ @ L7 53,
13 NNTMP ®hds C %2 R LT
DEF#ITI
NNTMP < NNTMP — {C}
D+ DuU{C}
14 VC' e DL ICHLTNN(C)=CH5iE
BUF 279,
NNTMP + NNTMPU {C'}
Dy + Dy — {C'}
15 NNTMP # @ %5113 ~NH 3,
16 HLD#Q%uBIET« TU{D}EL

8«\?7 o
17 Dy NNyUT,j+ j+1&EL3~E3,

42 JX\TA—H DHE
Df D% 2 MIZR LT, Sk (W1, 2014) D4

BmTOERMET B, LKL, 3Gk (I, 2014) D
HEERELRD, kHOTM 2 5 2 & %2 —REik
FELTLEAREHRT A L3R, 8T 4—
YIRFE LA E A — 2V EBEEORE L
B—ETO9, ZDRD, 87 2= DHRE
BN IEH MO ARICRET 5 & TatEBEIER
DwENEHS, E6ic, KX (21) 2EAN S
A — 2 k-T- Rk ORI L e &
B 208N H 5, £T, 87 A—F DEEIX
llcDOWTEZS, M7 7 AZICH LT
(18) &g 7= 4 6 MEEL R VLAREE L H 5 7
BRFEIOHFIC LY 6 2HET 2. dyy B
LTix, EARDADEETH S0, T/
SWEEDIEDER e > 0% FMT 5, dyax
IZBH L T, Zelnik-Manor & (Zelnik-Manor
and Perona, 2004) 23551 FIXN R T — 4 @ m Lt
HEDHEEAZIRAILTWAZE, BXUY, X
Bk (W0, 2014) OERFER LD, 20D T2
Ci,Ci,1 <i,j < ki# j2E)IBERDOLED
mAfEE Lo Th s EHHTS, L
35T, R(71) D & I EM [dmin, dmax] 2P
ET 5,

Din = €(> O)r

d max — max 7(1(1‘, 1‘"} 3
Yxx' €CUC; 1< j<kiz] 2
I, 737 A —5 DU p %2 TR (11, 2014)
ERUEZARETEX (18 o E TS &

X (72) BEoN D,

1)

1

-1 2 1 2"
L e e L |
3

Py =

1

(72)

K iesds M e MV, 1%
HOA—=FINWINTA—=F 6 1 = pg20y2 &
FAWT M, BEU M, DA—F NV BEBEGET
B LEEWT S, £7-, X (72) BERED
HREED BT A=FTHY, HVDIHE
BHFATE20EAR w; OBLIEEERL 72,
PLEXb, 6 2FHTL500T7LTY X L%
Algorithm 3 (2739,

4-3 REFZEOFZILITIX L

Hiffi & D, Algorithm 2 THRE L 7% 2
AYDE2RCHLT, FTRTYDICXDEE
R [dmin, dmax] ZRE L 728, Algorithm

63
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BICE DRI RX—F s %HEET B,

Algorithm 3 A7 : Cy, Cp, dmin, dmax

1 BRLESZg=1%,L, §=dmn &
T4,
2 Gt LTR(12) 2 ET B x,€C,
ZRD5,
3 CaCp,xg,85 DR (72) Tp, ZEHT
%
4 BFowFasrchiul, 6 2HHLE
A2 TT 5,
o 7 (18) & (19) % FRFIC W7
° = 1
b 51; > dmax
5 8y=p0,9=9+1&,L, 2~K3%,

ZIT, ¥TE6,;(1<i,j<ki#]j)DMEAK
BLTEZS, ETDIFTAY C,Ca,++,C
et LT, R (73) 2iliz=T 6 DESAIELET
%61, £2XD772%C,C1<4,j<
ki # j LT (73) 27T 6;; DHEA Ay
PHEL AC A Z itz g,

Vx € Cj,i = argmin |M; — x||>.  (73)

1<i<k

L7cdioT, 6 € ADBRMAZ Spin, WAMEZ
Omaxs 51"); = A!-”,- DieMEZ ‘51',}',min’ RAEZ
biimax £ 35 E, R (74) kb, K (75) ML
T5,

A € MrcijerinBi (74)
max & imin < Omins
S S

dmax < min
1<i,j<ki#]

K (75) &V, KX T, Algorithm 2 (<
£ ‘Jﬂt:ﬁ:%ZﬁO)@E@Iﬁ 5 A Cf,Cj,l <
i,j <kiAjENLT, §;en; 238, %
DixREZ § ERET 5, 7L, Algorithm
2TCHELHZ AN LTA=0D
Labbh, 3L LA 18) 2uEid 5
T 5HEIHE R Wi, FOEE6 =dna &
B3, R[S, 772980 Cwiknwkihk
F—FIELTR, ZoEm»El ks EE
A6ad, MY ABEED T A =4
WEEERED 2R r — L 2 BT 2R H D, KX
@) &b, sovhEvi EBI3HEEOZENlICBIR
T, & DEINCHEVEEEED 2 I L Tl
IZZoTwl, 2FD, SOWML 753> T

04 jmax- (75)

F -

A — FOb k-FEREILEE O kot i
FEloTwltEZILGNS, KiZ, 7T A
YHFEL TwhnT—yTdhhiL, RET
BIEWH 7 7 A2 1254 5 FR0 D 0%
i, LA, EHED -0 EHEEC
ERBDVEYTHBELEELL, —/T, &
TDI7 FAYBFEEL Qo wF—¥Thh
X, 20X ) RIEINTHE LEZL B,
77 AYD—WBaEEL TwT, Zhliids
THEL Twawk ) eEald, kk-1)/21
DED—HD dppin < 6 < dmax ZWiTz L, ZF41
LIS 6 = dmax £ 2B H 2, ZD55
&, THEEE L BB dpn < 6 < dnax 2
M7z Lizb0Ddhdh o m K2 ERL 6 O
EHET A0, £720F, d=dpax 2T 5D
OYWBHEL v, bL, k(k—1)/2{Dé D
36D k-1 LA dpax & 2o TV BHE
ik, —2DZFAZIMDI 7 ATIHEEGL T
LESTOANBENEVWEEZLNEDT,
R LTI k(k—1)/2MHD 6 DI B 6 > dmax
E2 BMEEE ng £ L, ng Dfic L>TH(76)

DHEIETHEAAN G 6 2HET 5,
) Amax (”fi 2 k— 1) 76
0= max &;; (otherwise) ’ (76)
1<ij<kizi 7

A2 IRRED 7L ) X L% Algorithm
4119,

Algorithm 4 AJ: X, k,r

1 X krZAALEL, Algorithm2iZ Xk
W7 2 2% C1,Co,0 00 G 2Rk 5,

2 A (71) &Y 5 DEREM [dimin, dmax] 2
RET 5,

3 #To2 oMy 7 RF
C,-,Cj,(l < ij < ki # j)lcxl
T C;,C};, [F it Fviae) &AM £ LT,
Algorithm 312 X D §;; 2R 5,

4 ‘5!‘,}'(1 < ij < ki 7‘L' f) & [dmimdma)(] z
HAwt, X(76) £ 0 szihiET 5,

5 X, kCy,Cy...,Cré®AJIELTAlgo-
rithm 1 294 1L, 7 7 A% C1; Coy0005, G
zHIHT 3,

6 (C,Cy...,C EHAOLCEIEZETT
%,

4-4 FHEE
Algorithm 1 DEAN F A —F b k-FHILED



BHMOMEIC RS CEAM &4 — 3 k- FIED N 5 2 — & PRk 65

AHHED A — 413 Algorithm 1 DR L $kt, 7
T AY Bk, T =5 En, T—5 OIIEEA %
T O(tkn*d) LF$ T LATE S, Algorithm
2D EERD A — 1% O(dn®log n), Algorithm
3DFHEDA =413 Algorthm 3 DR L # g
gy LT5E, 2DA—F2O(gpn*d) L% 5,
L74%> T, Algorithm 4 OFFHED A — 512
O(dn’logn+ qun*d + tkn’d) 729, logn >
th &7 5% WIRD GEBNE A —F OV kL
DtAA—F s, — 5T, {ERED AR
DA =%, H—FN k-TH% EENE T
BLBEDH L0, TOMBELEEIETEE
O(lk2qpnd + 1k2n%d(1 + ndk log k) + Itknd)
Ebh (B,2014), 1 >logn LR BRMUCBV
T, REFIIERIEICHB L THRILTE T
EEZOND,

5. Ek&

Eiid, I 7 XU EDNLT—F L&
F—ZIIN LTI, FEEERELZ, Intel Xeon
200GHz4 37 x2DT 27724 v H—,
BLU, 2dGBRAM D7 — 7 A5 —3i 3 VT,
OS (£ 64 ¥ v I Linux 2/ L 7z, Matlab
v8.5.0 LTRETFE, Gk (W, 2014) DFE, A
RIPFNIFREZV T (ATFRAZ M7
), 2 LT, EAMEA—F0 k-T2
L7z, E£7%, Yu 5DFik (BT OKKC & #E:D)
B L TI3E# o D34t L T v 5 Matlab H
D A2 1) 7 F (Yu, Tranchevent, De Moor and
Moreau, 2011) 22D £ FFH L 7=,

51 7728V THEROFMAE

HBWHZ2 XV EDT—IDI T AT
FE AR U TRl & 17 9 REM AR E L
T, Adjusted Rand Index(ARI)(Hubert and
Arabie, 1985) %> Normalized Mutual Infor-
mation(NMI)(Strehl and Ghosh, 2003) %43 &
%, AL Tl NMI 25l & LTV 3,
HHLM L ORI 7 I E D IEINT 5k
B2 72 9%6% C = {C,Ch,...,Cl}, %
Blcrz 2290795l bickhi@ohsk
o7 2 A9EE&RC={C1,Cs....Cch %
LT n=|CluCiU---UCt =|GUCU
UG BT BLETBREE, CtECOx
yhuve—3XA (77) TiEESNLS,

H(CH = i'qllo ICH
- o A
Gl |G
qu—zjq%;a (77)
i=1

DIpE, AT Ct2IERy 5 AV HEA LT
ST s, £, G ECOREZY PO
E—izR (78) TEZRI NG,

k k|GNCH |GNC]|

H(C,C) ==Y Y ——L log £
fljut n

(78)

NMI o HEA R (77) R (78) 2T,

R @)k EHESN D,

H(C!) + H(C) — H(C, C)
H(CHH(C)

NMIiZ0o t1DEOEEZED, ERZZ7AY
EEBICB N TR BRERI—B,T B
L%, H(CY) = H(C)=H(C,C) kb, @&k
fHEn1%2L 5,

NMI =

. (79)

5-2 KEREH

£9, FRETFIEL TR (W1, 2014) D85 A —
FHEEIWC BT B RAFHR L E2 300 &£ L 300
ZERATOHLEAZHET L 2GS EmEmic
HEAKITALIIC L, ATARNRT A=
B L T, REFIEOEERM O AN £,
TERF L ORI SCHR (W1, 2014) L, A
ABBOMELFIERER G L E D &
J 12, Matlab (C 3} 2 {5k LR /INER 25 3
DIEDRAMETH % 2.25074 x 107308, R4
RF—F DT — 7RI DERIRE Dpnax 2T
A (80) £ L7,

= D max (80)

- .

/308 log, 10— 1
REFEOD,DAFA—Fidr=3LL%,
SCHk (W1, 2014) DRERFEICBEL TIE, 22
DHFLVI ZAYDEBEOT —¥ELVH W
WCkEBERELRWVE WS RN B,
k>1cBLTREAME2BERNR L1
7= (W,2014), k=1%,L7., £/, 2#o
MR LB D RER LREE 20 M & L, 20
FO#ELZBATHEITREZET LoWiEE
EHAEINICFREK T 95 X5 L, AN
T INEDH—FNANT A—FICEL TIE,
Zelnik-Manor 5 OTFHEE2FEH L, EFOL R
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AmEm=7& L7, BEAMNE =L T
BicBIL T, S A2 HERECER
Wi, AT b7 NViEEMRO AiEEZRA L
7z, OKKC ICBH L T, FRTICEED H —F
WNF A= BT 26ERHD, Yu b0
KL [tk c %27 — 2 oL GHITHOBERD
P EL, {3050 ¢ 2¢3c,4¢c,5¢,6¢,7c,8c} %
HOeTh—2 A THzHELL, ETFHECE
% k-FBE, A—32 0 kB, BaftE
A — 2 k-TFETEO i ABGE L Bz 100 B &
L, 100 Blo#ER L #8Z THHEE2K T LA
WISEIIEHIICHREER TS5 L9 L,

5-3 EAT—% D
ANLF—#i34T2Xme L, Kuncheva 5
(Kuncheva and Vetrov, 2006) @ %6 # 2% (C
SERBEOFHCHEL Twa LEbns b0
Z19MBHELA, R1IKET—5 Otz
TL, B1~191C&7F—7ONmiREL R,

&1 ANLF—% O

F—4 HEEST YA 73RV
Fre] X1 400 2
F—%2 H2 300 3
F=H3 X3 400 2
F—74 H4 600 3
F—#%#5 (5 600 3
T—76 X6 601 2
Freot 7 %7 800 -
T8 8 600 2
F—%9 9 400 2
F—#10 10 400 2
F—#11 H11 600 3
F—412 H12 400 2
F—#13 H13 400 2
F—F14 214 600 3
F—#15 15 400 4
F—%16 [ 16 900 9
F—%17 17 900 9
F—%18 [X 18 500 5
T—=%19 419 500 5

F 57— % IB8 L Tl UCI machine learn-
ing repository(Frank and Asuncion, 2010)
& B, iris, wine, ionosphere,glass,soybeans-
small,satimage, pen digit ® 7 207 —% %
i/l L7z, satimage & pen digit (L T3,
DT —=F DT = BHBRELCSH Vo, %
7 AYE T YL 80 MAEBRL 72, %

=]

Ty DFMER2ICHT,

K2 RT—5 Ol
F—5 4 FIuE VTN 7 AYEL
iris 4 150 3
wine 13 178 3
ionosphere 35 351 2
glass 9 214 6
soybean-small 35 47 4
satimage 36 480 6
pen digit 16 800 10

5-4 5 DDFEDTTRAY YV ITBEDLLE
5ODFHEEZMOTET—FICHLT30[M
DT RT, FHERR O LR LR,
BLU, NMIfiliz @7, #£3I1CNMIHD
FEhfERE R L, R4 ISGHERHOEZRS %
T, RIICBWT, RETFHEE 30 BIOMT
ETICBWTHUHE ko778, 1 2OHED
AR LTWE, iU, A7 7293 TH
Lk 7Zzo77dTHY, Algorithm 2 H3—3
DEERENRNT 2 2 L2 FEBRIICHERTE .,
T, BAMNEA—F -V E ARY } 5
Wi, AOARTA—F2EELTED, R
(10) B X U (8) © HAYBIEE e/ & § B H5H
ZHMT B ENTES LD, 30 BORTIC
Bl THNBEEO RAMEIC IR T 2 NMI i,
NMI fE D e/ Ml & e R H, # LT, HIBI%E
DN E dr o B A SR, £ 3 TG
TEFEDOIMB T, FEIRND (B, BK)
L, mEOHDNEEZRL TS, fERE
& OKKC (cB L Tix, NMIfEHDTH & g/ &
RREREA, £30WET 2 FEOYICE
WT, FEINADS (s, R) 2R L Tw 3,
F—4%1,34,5,6,7,810,11,12 (35T A X 1
~R12DBIREYD, 759 RAFEKICBEHLT
disjoint(X, k) L #HTE S, Ch6DT—F
I3#3 %D, MEEONMIMBETL Lo T
BYH, F—VEE X DPHIRDP 7 7 278K
DR - TWTh disjoint(X, k) 27z L Tw
g, RERIIRERE & g L TR L TIE#
TIAPZRDIBIENTELLEEZIGR
5, FEOF—FICH L TEHEHASES—F L
-k & AR7 b I AEET—¥ 356,712
DRI HE, F—4 35,712 13917 7
A NDRIEDBRKEWIBIRTH B LEZ
b3, T—F6ICELTIE, Z2D7F7AY
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2 ] 14 1 a5 n

10 7—#10 =

11

Fr—

a5 1

711

i n o8 '

12 F—%12

o4 1 2 A% & 48 0 o4 A

af

H14 7714 B 15

—

s

F—%

16 16

s & 5 & 4 @ 1

18 F—# 18

BBRLEY, FIRARFA—FEEEL T
B, JFpfcEhdbottEILN
5, £, HENBMcoOLWTRELLD, #
FToOANDOYIZHE DD, WAL7 b

7 Vik, Rk, ek, EAafMEA—2L
k-3, OKKC DlHIC > Twd, ARY
FINBEET—I DAL XA n o LTI ED
atEA - LB DD, MATLAB EDF55
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F -

#®3 BTV T S5 DDOTFEO

7= REHE flekeis OKKC

EANMN X ARY kTN

1.000 1.000 (1.000 , 1.000)
1.000 0.979 (0.653 , 1.000)

1.000 0.916 (0.221 , 1.000)

1.000 0.661 (0.359 , 1.000)

1.000 1.000 (1.000, 1.000)
1.000 1.000 (1.000 , 1.000)

0.944 0.506 (0.140, 0.861)
0.951 0.743 (0.489 , 0.951)
0.971 0.912 (0.842, 0.972)
0.888 0.857 (0.774, 0.941)
0.953 0.477 (0.360 , 0.830)
0.686 0.677 (0.412, 0.807)
sat.  0.518 0.139 (0.050, 0.365)
pen. 0.777 0.216 (0.066, 0.461)
iris  0.798 0.662 (0.050, 0.758)
wine 0432 0.091 (0.091, 0.091)
glass 0418 0.344 (0.120, 0.443)
iono. 0.018 0.026 (0.026, 0.026)
soy. 0.848 0.652(0.543, 0.848)

Pt et gt ek ek el el el
S aEDORoEC® NG R WM&

—_
= e <]

0.250 (0.013 , 0.684)
1.000 (1.000 , 1.000)
1.000 1.000 (1.000, 1.000) 2.1e-3 (1.8e-5, 4.1e-3)
0.504 (0.361 , 0.597)
1.000 0.620 (0.353, 1.000) 0.067 (7.4e-3 , 0.289)
1.000 0.053 (0.053, 0.053) 0.079 (1.4e-3, 0.218)
0.357 (0.147 , 0.533)
1.000  1.000 (1.000, 1.000) 0.032 (9.8e-4 , 0.065)
2.2¢-3 0.024 (0.022, 0.024) 0.030 (7.3e-5, 0.089)
0.158 (0.014 , 0.371)
0.463 (0.169 , 0.567)
1.000 1.000 (1.000, 1.000) 4.3e-4 (2.2¢-16 , 1.7e-3)
0915 0.016 (0.016, 0.016) 0.427 (8.9e-4 , 0.902)
0.488 (0.406 , 0.879)
0.823 (0.721 , 0.951)
0.736 (0.442 , 0.961)
0.679 (0.373 , 0.921)
0.487 (0.373 , 0.620)
0.457 (0.361 , 0.578)
0.579 (0.520 , 0.628)
0.682 (0.641 , 0.724)
0.474 (0.222 , 0.798)
0.394 (0.210, 0.430)
0.116 (0.103 , 0.123)
0.125 (0.081 , 0.198)
0.301 (0.206 , 0.365)

1.000 (0.430, 1.000) 27 1.000 (1.000 ,1.000) 30
1.000 (0.846,1.000) 27 1.000 (1.000,1.000) 30
0.000 (0.000,0.016) 1 8.9e-4 (8.9e-4, 8.9e-4) 30
1.000 (0.768,1.000) 29 1.000 (1.000,1.000) 30
0.579 (0.341 ,0.590) 3 0.653 (0.653, 0.653) 30
0.505 (0.032,1.000) 9 0.454 (0.454, 0.454) 30
0.804 (0.605,0.804) 1 0.804 (0.630,0.804) 26
1.000 (0.350 , 1.000) 28 1.000 (1.000,1.000) 30
1.2e-3 (1.8e-5, 0.262) 11 8.8e-4 (8.8¢-4 , 8.8¢e-4) 30
1.000 (1.000, 1.000) 30 1.000 (1.000,1.000) 30
1.000 (1.000, 1.000) 30 1.000 (1.000,1.000) 30
0.162 (0.011,1.000) 15 2.9e-4 (2.9¢-4 , 2.9¢-4) 30
0.567 (0.426,0.919) 9  0.902 (0.902, 0.902) 30
0.845 (0.471,0.899) 4  0.902 (0.902,0.902) 30
0.951 (0.852,0.951) 28 0.958 (0.958,0.958) 30
0.961 (0.933,0.968) 18 0.974 (0.914,0.974) 9
0.901 (0.837,0.912) 8 0.927 (0.872,0.927) 22
0.776 (0.737 ,0.787) 10 0.646 (0.646 , 0.696) 26
0.778 (0.620 ,0.798) 5 0.664 (0.560 , 0.706) 26
0.569 (0.543,0.663) 1 0.624 (0.524,0.624) 7
0.794 (0.726,0.852) 1 0.765 (0.738,0.788) 12
0.798 (0.722,0.885) 18 0.786 (0.786,0.786) 30
0.395 (0.232,0.429) 15 0.420 (0.420,0.420) 30
0.422 (0.275,0.428) 1 0.404 (0.303,0.414) 2
0.136 (0.103,0.182) 5 0.221 (0.221,0.221) 30
0.716 (0.716 ,1.000) 12 0.723 (0.723,0.723) 30

HEAPEHTHLILBAREFLHEMBEELS
na, ¥z, EAMNEI—F N FEHEEC
SETHEEI N Graclus A ENTED
(Dhillon, Guan and Kulis, 2007), AHT& %
T DHITIME BB TIZH 5 b DD, il
EETHLO, 2TCSHETHRELLEA
AT LY ZOIEMICIES s Wil NS
3, CEET B CrH+EFCOFEECLBR
E2FiHEL Graclus B LU ARZ I LELD
AT REFRICPE T 2 M A R S R o E L
L7:vy, OKKCICBEIL TR IDTF—y DI
EAEDRERMPMbOFEEL B, F/, #F4
kb, AERELEHL TR E>TWw3, it
BFHICBI L Tl OKKC (23 (T B 2L efR 51
MEOHEDARESICFHAEHZ LEZS
N5, EEICEERFFEMEOGRBERICE
WTHRE T R A2 R T 2 H5 0% 4 Ho
fote®, FEERTILEREEGHE RO FTIOR
Lotk ik, 2220l 2uE
T2DOTIERL, RL Ao FEBRED
AWGE L TROFEAE~EL X FI2 L,

BT — Y ORI REIIZE L TH 4~5 MERET
hotz, FRBRICHETIBICHRZ2E57:-6
WIEEHEZZEBE L2 TEAeRWI Eh
5, HAEOR G IR E T2 2 LIIAF
HoEKTRZYTHE LEZ D,

F—F 9 IE"2DERD I 7 AV BEE -
TWa+EBEHMOFHOT—4Thlh), £TD
Tk NMI fEHHEY, OKKC B D Fiko
Vg £ i BB R/ & 3 23 NMI i
1023 ~ 104 DA —FThHh, BIF0LAE
#%, OKKC O& #2035, %9 LT0.03 &
HRIZE S o T D0, mAMHEIE 0.1
BETH) BEF LR L W0y, &AM
EHh—2NEFHEBLINARY I LEET
EfE7 5 A9 #B20RKAETHILELS
s,

F—82 L F—# 151287 7 A5 D47’
B, BicF—%2lH2IcB2HTOY
T ALY DL BT d BT — 7 [ O R
KE b, 2OF—2B0bwWw 34Nl
LhY, B2 528 disjoint(X,3) L35k



BHMOMEIC RS CEAM &4 — 3 k- FIED N 5 2 — & PRk

K4 AF—FIEHT 55 OO FHEOHERE () 0 ik

RESE (037 OKKC RN E AT T

1 055(0.53,059)  0.48(045,051) 183.8(33.81,537.8)  2.65(2.59,2.73) 0.37(0.36,0.38)

2 039(0.37,047)  045(0.28,0.71) 1329 (37.45,469.8)  1.81 (1.71,2.07) 0.22(0.22,0.23)
3 0.86(0.84,089)  0.66(0.54,077)  70.24(29.20,151.2) 297 (2.71,3.41) 0.38 (0.37,0.39)
4 141(1.34,146) 541 (1.18,19.66) 502.2(64.38,1268.4) 5.43(5.27,5.56) 0.85 (0.84,0.90)
5  1.85(178,191) 13.06 (2.50,16.99) 364.6(92.62,1021.9) 578 (5.42,6.59) 0.86 (0.85 , 0.90)
6  079(076,0.82)  588(5.70,6.15)  206.1(56.25,580.4)  4.20 (3.93,5.69) 0.61 (0.59 ,0.64)
7 334(3.06,344) 2439 (343,38.09) 1226.8(210.8,2166.3) 9.74 (9.27,10.53) 1.56 (1.54,1.57)
8  181(178,1.86)  159(1.07,328)  2083(101.2,3917) 534 (5.21,551) 0.85(0.84,0.87)
9 0.69(0.67,073)  2.16(211,220) 106.6(52.39,202.1)  2.84 (2.59,3.24) 0.37 (0.36 , 0.39)
10 0.74(0.71,0.78) 049 (0.47,054)  96.56 (27.23,208.2)  2.67 (2.55,2.76) 0.37 (0.36,0.38)
11 2.00(1.91,2.09)  1.59(1.04,271)  135.0(63.01,297.6) 535(5.23,5.46) 0.87 (0.85,0.89)
12 0.84(0.82,0.86)  0.56(0.55,0.58) 1289 (32.70,416.5)  2.68(2.59,2.80) 0.37 (0.37, 0.38)
13 1.20(1.14,1.27) 042 (041,044) 72.88(32.52,280.8)  3.29 (2.71,4.04) 0.37 (0.36,0.39)
14 528(515,542) 5.26(1.16,837) 148.8(65.29,430.9) 7.25(598,9.48) 0.85(0.83,0.88)
15 1.26 (1.19,1.38)  2.46 (0.61,4.76)  157.8(48.49,467.9)  3.15(2.74,4.47) 0.37 (0.36,0.38)
16 15.61 (14.79, 17.64) 52.91 (10.89,59.05) 3136.7 (246.2 ,8242.6) 15.36 (14.50 , 16.87) 2.05 (2.03,2.12)
17 28.09 (21.91,37.40) 59.68 (55.68 , 63.63) 2376.2 (354.8 ,4358.3) 17.07 (14.77 , 18.92) 2.06 (2.04 , 2.08)
18 1.39(1.23,157) 7.60(1.79,17.61) 432.8(49.70,1914.1) 477 (4.27,554) 0.52 (0.47 , 0.60)
19 143(1.37,152) 11.72(4.05,1433) 607.0 (71.92,1303.4)  4.65 (4.19,5.44) 0.51 (0.42, 0.68)
sat.  7.01(672,7.38)  2.34(1.37,6.46)  232.3(59.75,409.3) 12.82 (10.35,15.92) 0.75 (0.73 , 0.84)
pen.  6.90(5.82,7.90) 10.76(5.10,20.95) 160.8 (71.20,310.3) 18.77 (15.92,23.84) 1.83 (1.80,1.87)
iris  0.17(0.15,0.19)  0.42(0.10,0.78)  22.07(3.26,99.3)  0.95(0.76,1.14)  0.07 (0.07 , 0.08)
wine 0.24 (0.22,0.28)  1.22(1.17,1.25)  101.6 (24.04,221.0)  0.93 (0.88,1.08)  0.10(0.10 , 0.10)
glass 086 (0.61,0.99)  0.64(0.35,1.13)  505(1.45,18.15)  3.33(227,4.24) 0.14(0.13,0.16)
jono. 143(1.27,159)  043(039,050) 5493 (17.13,1584) 419 (2.93,585) 0.39 (0.38,0.42)
soy.  0.05(0.05,0.05  0.07(0.05,0.11) 0.52 (0.31, 0.98) 0.44 (0.34,0.70)  0.02 (0.02, 0.02)
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SHRVEFZ6ND, WETHIE D, % DJIc
BRLSRICEDIER 528 2B T0»3,
F—=% 15127 7 A RALOFAMEL - Tl
2 ORETFLETRBICTET 297 5 2
YEBBLILIIREETH B, s DHEIHDOID
FE BB 2RO 7 7 29 OEIR
EHUD s % Sy B PR & 4 BRI X

D, A7 b 7VEOHBRICIETSE 20D
REFfERE2R™T05,

F—Y 1B EF—F 14REIIAI DDA
PEEICELZ2TEY, Tz tEs
Vi, 7—% 13 O NMIHIB L TIRIREFE
DRSO REL, T—% UICEHLTE—F
HIMMiTH T AT F I AEDOERIZIZR
%32 DODFIEFAFEO/EBHRLENT S,
2L, #£4 XH, REFIEOFIRKRHED A A
Z7rINELHEBLTESB2TW3, IR
i, F=F 13 LEF—2 14D Z I AT
MLTHEhLEZEE 2SS T2 LI BER
ToBETET, HRLE LT Algorithm 3 TiZ,
W2 9 2 F DT A —F A ETH

T B Lichotl®, FOHERBICHTF
LTwaEEZbNB,

F=716 L F—% 17137 7 A ¥ Fhittic 9
ThHh, 77AFLETTIREL, BAMNICHA
DEZTWAERT—YBIRTH A, K16 LD,
F—r16iZ28D 2 7 A2 2 MM, &it4
DDV FAY DB EE ST 5, SAHHE
BoTwB7 7 AYEBEEUTCh 2D,
NMIfHICBILTIZRARZ F I VECiEE 2
DDIZFFAEDETRIFRFER B> TV S,
HEREIE AR P I AEICHEB L ThED
RV, —HTARYZ P 7 LEICBWTHN
BN E o BB 1 /3L P Liz>T
Wi, HELHEREZ2RELTCERT
ZEFELAE>TEHITTIREWEEZLS,
7, M17&Dh, F—F 1732 TDIFRY
BaFTNhD 7 F AP EFiDNEZOTED,
42DF— Y HREORICHHL TV B X IR
ABRTH S, RETFTHED NMIfHIZARS
PR EEANEH —F L EEE X DN
AREEZE>TEY, REFENEFLTS
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TR ThILEZSND, F4 kD, Gt
BEMEICELTY, F—% 14 LEUBEHICE
h, ARXZ I NVEBIXUHEAFEA—F L
-EEE LB L ThhhEL{ k> Tw3,

F—=F18EF—% 1913, M18EXUH19
X0, RIREBPIRDZ A VHEELTWS
TF=aMiThh, AHD3>D7FA5D
I 2ODHHEE ST VS, X, 200
T EAEE, HMIOBRD 7 7 25 DEE
BRE-TEDN, F—Y 1I8BFHLELTV:E0D
LT, F—%191F, PHEL LS
BoTwd, 7—% 18 I L TIRREETED
NMI i b KEh-7DlcR LT, F—4%
19 TEHEAED—FL -FEELD Lk
DB o Tw3s, £/, EAMNEA—
FI L AR P I VDT —S 18 &
F—#191CE1F 5 NMIEBEETH 2 Dic
NUT, BEFHRELEVEATHE, N
12, IMUlD 2 2D Y 5 A Y DA DEHIEIZF A
VHiHEHZIOND, T—F 18 TlEIHllo 2~
FAZDT—=FRELBHEWICREENE &
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The roles of English as a lingua franca in a short-term
ICT task-based Japan-Thailand exchange program

Joel P. Rian’

Abstract

This paper examines the mulliple roles that the English language plays in a (wo-week exchange
program between two universities: one in Thailand and one in Japan. The program centers on
lask-based collaboration between (hree (eams ol students [rom each university: A Web design team,
a short film team, and a computer program team. The teams spend a total of two weeks working
together—one week in each country—to produce Web pages, short films and computer applications.
Throughout the program, English is the common language.

In order to improve the program, the kinds of Lnglish encountered and used by participants
need to identified and considered in order to ascertain what kinds of training and support can be
provided by instructors, and what level of English can be feasibly achicved in students’ work within
a two-week timeframe. Primarily the roles of English on the exchange program are: (1) English lor
gencral communication (conversation); (2) English for student prejects: (a) Wceh pages, (b) short
films, and (¢) computer applications; and (3) English for short presentations. Problems inherent in all
roles include: (1) the generally low proficiency level of students; (2) the consequent temptation to
use machine translation injudiciously; and (3) reading machine-translated script from text-heavy
slideshows as a style of presentation, Suggestions for coping with these problems are offered herein,
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1. Purpose of this Research Hokkaido Information University (HIU),
This paper has two main purposes: near Sapporo, Japan, and Rajamangala

(1) Identify and explain the ways the English
language comes into play on a short-term
exchange program between non-native,
non-English-major Thai and Japanese
students of limited proficiency, and (2) offer
suggestions for several issues with regard to
how English is used.

Between non-native speakers of limited
proficiency, basic communication presents a
number of challenges. However, the role of
English on the program detailed in this paper
goes beyond language for basic oral
communication. Students must deal with
English text used in Web pages, in dialogue
and subtitles for short films, and in words
and phrases used in computer applications.
While instructors are available for guidance,
students are largely responsible for the
content, planning and construction of these
projects. The specific content of these
projects and the English necessary for them
are somewhat unpredictable. Further, teams
must present their projects in English to an
audience of peers and teachers. The English
they use depends on how presentations are
given—in particular, whether they are
scripted or unscripted. Instructors must also
deal with a tendency for students to over-rely
on machine translation (MT).

While none of these problems can be
completely eliminated, a review of how and
where they arise and what can be done about
them is a step toward improving the program,
toward validating its purpose of increasing
participants’ awareness of how the English
language works in a real-world setting.

2. English and the HIU-RMUTT
Exchange Program

The short-term exchange program at the
focus of this paper occurs annually between

E—"} i

film, HIU-RMUTT exchange program, 2015

s

Figure 1. A Thai-J apanese group working on a short

University of Technology  Thanyaburi
(RMUTT). near Bangkok, Thailand. English
comes into play in three main ways: (1) for
general communication; (2) for student
project contents, namely: (a) Web pages,
(b) short films, and (c) computer
applications; and (3) for short presentations
by students to peers and instructors.
Generally, problems arise as a result of
(1) low proficiency levels among students
from both universities; (2) a habit of
over-relying on machine translation (MT),
mostly in the form of online translation sites;
and (3) a tendency to read scripted
presentations, which scripts are often derived
from translation software. Suggestions for
coping with these three issues are offered
herein.

2-1 English for General Communication
Braj Kachru (1985) posited a model of three
realms, or circles, that attempt to broadly
categorize countries by “the type of spread,
the patterns of acquisition and the functional
domains in which English is used across
cultures and languages™ (p.12). Both Japan
and Thailand are “expanding circle™
countries, where English tends to be widely
studied but hardly used in society. For
language learners whose experience with
English in their home countries is limited to
classrooms, the concept of English as a
global language (Crystal, 2003) likely
remains abstract.

The HIU-RMUTT exchange program
provides firsthand experience with a
real-world need to use English as a common
.2. The interaction between the Thai and
Japanese participants in this program (Figure
1) is a prime example of an emerging type of
English: ELF, or English as a lingua franca.
This, as Mollin (2006, p.42) observes,
involves  conversations  taking
place between speakers who do not
share a common L1, regardless of
country or location. On this
program, that interaction in
English takes place in both
Thailand and Japan, between Thai
and Japanese participants, students
and instructors alike.

The program is relatively new.
Collaboration between the two
universities began formally in
2007 with the signing of a
memorandum of understanding.
Both universities offer courses in
media design, and both hold Web
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page design contests for their students. Web
design was (he [irst of the three genres ol
1CT-based project learning, [ollowed by
short film-making and computer
programming. Collaboration on these
projects between the two universities began
with the establishment of:

(a) a unificd process for production of work
in in-school contests at each university,
including lectures and workshops before
and during the exchange program;

{byeriteria for choosing international contest
participants, as well as how many
participants can be accommodated; and

{c)a general process by which both
universities agree to conduct the program,

A more detailed history of the program is

olfered in Anada (2015) in Japanese,

however, an updated version ol (he program
process is given in the Appendix (adapted
from Anada, 2015, p. 22, my translation).

2-1-1  Problem: Low General Proficiency
amaong Studenis

Lnglish is the common language
throughout the program. However, although
participants  from both  universities are
generally highly motivated and eager to
interact with each other, they generally have
only rudimentary L2 linguistic means to do
so. A formal analysis has not been
conducted, however, based on averages of
HIU students who have taken the TOEIC
lest, scores averaging 300 seem likely. 1 am
unaware of RMUTT students’ estimated
scores, however, during my experience with
the program in  2015—which 1 was
privileged to join in its entirety both in
Thailand and Japan—I did not note any
discernible advantage between Thai students
and Japanese students in terms of general
communicative ability. A few students
reported a similar perception to me, that
neither group seemed  significantly  better
than the other, and that they found this
comforting. The similarity in Thai and
Japanese English ability seems corroborated
by data from the Educational Testing Service
{ETS), the malkers of the TOEFL and TOEIC
tests, in its 2014 Report on TOEIC Test
Takers Worldwide; Oul ol a possible 990,
Thai takers averaged a total score of 481 and
Japan takers averaged 512 b

2-1-2  Suggestion: Encourage
Communication Strategy Use

Most people can remember their first time
in a foreign country. It is all at once thrilling
and, in some cascs, nervewracking. [For most
ITIU students on this program, this is their

first experience travelling outside of Japan.
The prospect of having (o work closely with
other non-Japanese siudenis in a [foreign
language, with a tenuous and untested grasp
of that language, is doubtlessly intimidating.
Further, the time between when students are
chosen as participants and when the program
begins is short, offering little opportunity to
brush up whatever skills they might have.

Ultimately, students must make de with
what ability they do have. For many
students, that ability—what it is and isn’t
capable of—is unknown to them. Zoltan
Dérnyei offers an encouraging observation
abowt successful communication by those
with low L2 proficiency: “Some people can
communicate effectively in an L2 with only
100 words. How do they do it? They use
their hands, they imitate the sound or
movement of things, they mix languages,
they create new words, they describe or
circumlocute something they don’t know the
word for—in short, they vse communication
strategics™ (1995, p.56). Low TOEIC scorcs
notwithstanding, we c¢an assume that
participants have a ready English vocabulary
of more than 100 words. Using these devices
to compensate for L2 linguistic deficiency
may seem like common sense. However,
students  whose  English  classroom
experience has largely focused on the study
and mastery of “correct” English language
forms may harbor the sense (hat it is not OK
io use “incorrect™ English when irying lo
communicate. And they may never have
been told in the classrcom  thal
communication strategies are OK—even
desirable—to use.

Research suggests that communication
strategy training in the LIFL classroom can
benefit low=-proficiency learners (Dornyei,
1995; Faucette, 20010; Nakatani, 2010a,
2010b; Rost & Ross, 1991 Willems, 1987).
However, pre-program workshop  (sce
Appendix) time s limited and cannot
accommodate more than a topical treatment
of communication strategies, among other
things. One strategy that can be easily
highlighted. however, is known as the appea!

Jfor assistance, ov asking for help. This

stralepy involves aclively interrupting an
interlocutor (“Excuse me™) in order to ask
for repetition, slower delivery, or explanation
ol an ulterance (*Could you say that again
please?” or "What does mean?™) 1
have used modified and abridged versions of
classroom activities outlined in Maybin and
Bergschneider (1992) that specifically train
learners to use these phrases. [ use a
laminated “STOP” sign with ask jfor help
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phrases on the back (Figure 2). This activity

Excuseme . ..
Say again please!

{Could you sey that again please?)

More slowly please!

{Could vou speak maore sfowly please?)

What’s 4

(What does mean?}

Figure 2. STOP sign (obverse and reverse)
for communication strategy training

helps students practice the art of actively
asking an interlocutor for help in negotiating
a conversation. A fuller description of these
activities implemented in university EFL
classrooms at HIU is offered in Rian (2016).

Japanese learners in particular tend toward
shyness both in and out of the language
classroom (Doyon, 2000). Their pre-
university English classroom experience
typically lacks conversation practice, and is
teacher-centered and language-form-focused.
It may be reassuring for students to learn that
appeals for assistance are not an admission
of fault for not having achieved better
proficiency after six or more years of
compulsory pre-university English study, but
rather that they represent an active step
toward overcoming communication
breakdowns that will inevitably happen
between lower-proficiency speakers,

A specific example from the 2015
program occurred when the output of
translation devices failed. One of the
Japanese students was trying to say to a Thai
student that he felt 7%\ [darui], which is
a casual expression for feeling tired or worn
out. A smartphone translation rendered 724
VY [darui] as languid. The Japanese student
couldn’t pronounce it. and showed her his
smartphone. The Thai student responded

with, “What does that mean?” The Japanese
student then used body language and a facial
expression to indicate tiredness.

Another example | observed was when a
Japanese student described the arduousness
of the program schedule using the Japanese
word L, which has two meanings and
can be read two ways: [karai], and [tsurai].
The first means spicy while the second
means hard or difficult. The smartphone
translator had only brought back the first
meaning. spicy. The Thai student asked,
“Spicy? What do you mean?” The Japanese
student then restated it: ~~— F [ha-do], the
Japanese transliteration of ‘hard’. The Thai
student still didn’t understand. so |
interjected and offered another word: busy.
The Japanese student liked this alternative.
smiled, and said emphatically, “Yes yes,
very very busy!™

In another instance, a Japanese student
was trying to convey to his two Thai
teammates that the other Japanese team
member was not present because she had
been called away to a i/ N\—7 1 —
[kouryuu paatii], or an informal social
get-together, by some other Thai students.
The word A8t [kouryuu] has a variety of
meanings. including secial get-together,
interchange, transaction, and alternating
current. The Thai students were bewildered
when the Japanese student held up his
smartphone. The screen read, alternating
current party. 1 suggested to him that he
simply rephrase the entire statement to: “She
is busy, she will be back soon.” I mentioned
that this act of restatement was a
communication strategy, which was advice
that no translation device anywhere could
provide.

While communication strategies cannot
completely compensate for an acute lack of
vocabulary and basic grammar, an awareness
of them can at least offer the potential for
recovery in some misunderstandings. What
degree to raise students’ awareness of
communication strategies as compensatory
devices must ultimately be left to the
discretion of individual English instructors,
whose availability for participation in the
program may vary by year. However, the
implication of communication strategies, and
the philosophy of “interlanguage™ (Selinker,
1972) on which they are founded, seem
clear: in any conversation, if an English
utterance makes sense to a listener, then that
English is good enough. And if it doesn’t
make sense. then seeking clarification is
acceptable, and encourageable, until meaning
is successfully negotiated.
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2-2  English for Projects: Web Pages,
Short Films, and Computer Applications
Types of English and the range of
vocabulary needed for projects that students
produce on the program vary. Students need
language necessary to put together Web page
text, short film subtitles, and computer
application content. Following are accounts
of several language problems that were
apparent in the 2015 program.

2-2-1  Problem: Tendency to Defer to
Translation Software
For low English proficiency students whose
major is [CT-related. the allure of machine
translation (MT) may be irresistible. The
ubiquity of smartphones and a multitude of
convenient online translators seem to offer
convenient fixes for L2 deficiency. However,
while MT has made considerable advances
as technology constantly develops, it still has
significant limits. For example, most online
translators can provide grammatically correct
renditions of simple sentences like “1 went to
school yesterday.” But they would have
trouble with: “I would have considered going
to school yesterday, if it weren’t for the fact
that | had a high fever and two feet of snow
had fallen.” Some simple examples of the
limits of MT are offered by Harris (2010, p.
27). These were converted from English (A)
into Japanese (B) and then back-translated to
English (C) through a popular online
translation site, Yahoo! BabelFish:

A. Bob loves Clara, who loves Bill.

B. RTREN2ETHITTRET D,

C. The hob loves [kurara] which loves the
building.

A. Sam broke down and cried.

B. Y AlTRERL, WATS,

C. It destroyed sum, shouted.

Harris states, “Simply put, MT does not
work well unless there is sufficient world
knowledge (knowledge of the relationship
between things) and controlled language (p.
26). He cites Melby (19935, p. 4). who
observes, “computers are very likely to
produce atrocious results [unless the text
treats] a very narrow topic in a rather dry and
monotonous style.” In the case of language
used by students in their projects, they are
often unaware of how complex it is, and how
limited MT is in terms of rendering it
accurately from one language to another.
Text is a necessary part of Web page design.
Without at least some longer text passages, a
Web page might appear as a repository of
images and pictures with short captions.

For the 2015 program, a Web page
contest entry by an HIU team featured a
comparison of various deities. Each deity
featured a hand-drawn illustration in manga
style accompanied by a brief “profile”
summary in Japanese (Figure 3). In order to
be submitted for the International Contest,
the Web page had to be converted to English.
The translation provided to me for editing
was obviously straight from an online
translator. It read as follows.

Profile
Birthplace: Greece
Greek  myth is appearance

“Intelligence™ “Art”™ “Crafts” strategy
to govern a Goddess.

World heritage in the Parthenon is
her should Enshrined was and Current

i By e | P
! He: ¥ )y

¥ULrvRBECEETS, OE, A, IE. W )

YT ORBOZEEROENERTLSOEE S
STY, 2L, EAGTEORLEN - AT 2
HOETHRE YL EEESTE
BNTINEEOMTRITREINTLY

COEMES, BEORECERIN
—JAYATLI CETHFNTLE
COMIBABCHENT, REVLSIEL
CT3mmns LN2TA,

 T#HCERUML
R R

Figure 3. Excerpt from an in-school Web Design Contest (WDC) entry
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of the Greece Capital to name said to
from the her name. Also her the hide of
a goat and monster Medusa the neck
made aegis hold a shield against a
person Rejected this shield.

This shield name current Warship is
mounted [ Aegis System ] has been
passed down. This modern society at
first name learn God.

[Because I am defeated by nobody... |

I edited this to the following, changing some
of the content in the process:
Profile
From: Greece
Goddess of arts, crafts, intelligence and
strategy.

Said to live in the Parthenon in
Athens, the capital of Greece, which
borrows her name. She wears an
‘aegis’. made from goat hide, and has a
shield made the neck of a monster
called Medusa. With these she defeats
enemies.

Japanese warships use a missile
defense system called the “Aegis
System.” So, Greek Mythology is
alive, even in Japan.

“Second to None..."

In cases like these, students generate
complex sentences and paragraphs in their
L1. run them through an online translator,
and then copy and paste the result into the
English version of their Web page. While
teachers may perceive this action as lazy, it
may simply reflect an inability by students to
appreciate  the shortcomings of the
translation engines. The output looks like
English to them, and in their mind that is
good enough. The problem lies in the fact
that they do not have—or they think they do
not have—sufficient language ability to
question it. Ultimately, however, it is what
Dougill (1987, 2008) aptly termed
“decorative English.” To the untrained, it
looks good, but in the eyes anyone of higher

proficiency, it cheapens the product it
adorns.
2-2-2  Suggestion: Show Students How to

Use Translation Softiware Judiciously, and
Why

Students need to understand the limits of
online translator output, and that their input
is needed in order to give their text
substance. Total deference to translation
software is a means of escape, an attempt to
avoid responsibility. To guard against this,
instructors can tell students directly about the
pitfalls of MT. Better, they can show them

by pointing out examples of effective and
ineffective MT use, in real time.

Some instructors try to sweep the MT
issue under the rug. They would rather ban
the use of translation devices altogether. But
for all their shortcomings. online translators
need not be denigrated, nor should they be
prohibited outright. Rather, they should be
shown for what they are, and demonstrated
for how they can contribute to student
learning. In the specific setting of the
HIU-RMUTT exchange program, which
revolves around computers and technology.
banning MT is virtually unfeasible. In fact, it
would deprive students of the opportunity to
experiment with and learn about how MT
works, as well as how it doesn’t work.

Regarding the MT issue, Nifo (2009)
offers some balanced advice:

In the language class students, especially
those with a low proficiency of the target
language, can be shown instances of what
free online MT can and cannot translate so
that they are made aware of the uncertainty
of relying on these systems as the only
online resource for their foreign language
written production. At the same time
students can be shown good examples of
writing and translation into the target
language and can be presented with more
reliable online resources to check the
correctness of their work. This can send
them the message that free online MT
output is often of a worse linguistic quality
than what they are capable of doing. All in
all, students should also be educated in the
belief that only by getting fully involved
intellectually and by adding some creativity
to their tasks will they learn properly how to
communicate themselves in the target
language. (p. 246)
One solution to the MT issue, then, is to
explicitly and concretely show students the
reality and limits of translation software, and
where possible, to point out alternatives. A
variety of online translation resources is
available, and each has merits and demerits.
The ones at issue are those that attempt to
handle chunks of text, like long sentences or
entire paragraphs. Others, such as online
dictionaries, deal with words and phrases
only. With these resources, students can
research the meanings of individual words
and phrases, and then string them together
using their own knowledge of basic
grammar. For Japanese learners of English
and  English  learners of  Japanese,
www.alc.co.jp brings up a list of example
sentences in addition to simple definitions of
words and phrases. It is an excellent resource
for understanding how words and phrases are
used in context.

767



The roles of English as a lingua franca in a short-term
ICT task-based Japan-Thailand exchange program

Inevitably, some students will copy and
paste online translator gibberish, thinking or
hoping that it is a faithful translation from an
Ll. Here are two ways of providing
feedback:

(1} Ask studenis 1o read the translaiion
aloud. If it appecars that thcy stumblc to
pronounce unknown words or language
forms, they can be told that if rhey
themselves appear not to understand the text,
their audience is unlikely to understand it
either.

(2) Indicate the complexity of the source
L.1 text. Provide a simplified rendition in 1.2,
and suggest simplifying the L1. Alternatively
they can be told to back-translate the
simplified version of the English into their
L1. This act can demonstrate the
eflectiveness ol starling ofl with concise,
clear language.

Simplifying the source language may
seem limiting 1o students. As young adults,
students have achieved a level of proficiency
in their L1 that often vastly outstrips what
they can do in an L2. They are often unaware
how vast that gap may be. They may have
never considered their own 1.1 proficiency,
or the ways they construct text in their own
language. They may discover unexpected
complexity in their own L1, or that there are
morc direct ways of cxpressing complex
ideas. Ideally, they will become aware of
their audience. On this program it is mostly
non-nalive English speakers, just like them,
who appreciate it when the other person
keeps things simple for them.

Additionally, students may think that
translating from an 1.1 to an 1.2 is just the
same as translating from an L2 to an L1. In
fact, L2 to L1 is much easier because of
stronger lexical association (Fujii, 2007); the
amount of [.1 words and language forms at
the translator’s disposal is usually [ar greater
than their L2. This is why profcssional
translation agencies often employ translators
to translate from an L2 to their L1, rather
than vice versa.

On the other hand. translating from an L1
to an L2 can be a useful tool for learmning
vocabulary and language forms
(Fernandez-Guerra. 2014), especially for
students of higher-level proficiency (Stern,
1992), llowever, this can occur only when
sufficient teacher guidance is provided.
Depending on the volume and nature of the
text, and considering the lower proficiency
level of the students, adequate guidance may
not always be available. This is doubly true
in the casc of some projects. For example,
short film teams often travel on short notice

to various locations in order to shoot scenes.
They may create or adjust dialogue on
on-site. A proficient English speaker is not
likely to be available to accompany and
advise every short film team on-site.

On the same note, expecting students o
comc up with their own English without
using any resources would invite frustration.
When students ask for help with English
phrasing for conversation, for projects or for
presentations, instructors can offer their own
input on how it cowdd be rendered. They
might put it to students like this: “Well,
might say it this way, but now how do you
want to say it?”

Ultimately, a balanced attitude among
both instructors and students toward the use
of MT will likely prove the most useful. The
key is fostering among students a sensc of
ownership of the English texts they create. 1f
asked, can students explain in their own best
English why they said what they said and
how they said it? It is an achievement if they
can. I1[ they have dilficulty, then the texl can
be rephrased and simplified until they can.
And while examples of replrasings should
be offered, it is important to show them the
validity of their own English voice, however
imperfect; of not allowing others, especially
machines, free license to put words in their
mouths, on their Web pages or in their
subtitles.

2-2-3  Probhlem: Culture-Specific Humor
Currently there are no limits on what
students can submit for contest entry. For the
HIU in-school contest, many students submit
entries  whose contents are entirely in
Japanese. Perhaps they expect to converl
them to English only if they arc aceepted to
the international program. And perhaps they
are unaware of how complicated that
conversion to English may be.

An example from the 2015 program was a
short film entry titled “*Assassin from Future”
[sic]. It included a personification of the days
of the week. The film director clevetly
personified the five weekdays as members of
a dantaisen—a term for a tcam of
competitors of three to five people
commonly used in the Japancse martial arts
of kendo, judo and sumo. Several terms refer
to each competitor’s rank or ability within
the team. These are JC#E [senpou],
[jihou], EZ [chuuken]. FIliF [fukushou],
and FJF [taishou], respectively.

In Japanese, each day of the week is
represented by 4 certain Japanese character.
The weekdays are, H B2 [getsuyoubi],
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Monday; ki H [kayoubi], Tuesday; A<
H  [suiyoubi]., Wednesday: A IE H
[mokuyoubi], Thursday, and 4= B H .,
[kinyoubi], Friday. The first character in
each set of three is an astronomical
reference. These are some similarities in
English. “Mon™ in English, or H in
Japanese, refers to the moon. Hence Monday
is literally “moon day” in both English and
Japanese. On the other hand, Wednesday
derives its name in English from the Norse
god Odin, also spelled Woden or Weden.
Hence, Weden’s Day, or spelled with the Old
English possessive, Wedenes Daeg. The
Japanese reference follows the Latin
reference to the Roman god Mercury, hence
Mercurii Dies in Latin, or Mercredi in
French. In Japanese, the planet Mercury is
represented as /K [suisei]. The character
K [sui] also means simply water. The
producer of the film touched on this double
meaning in his short film (Figure 4), where
Wednesday could be interpreted as “water
day.”

While the references are clever, they are
lost on an audience without Japanese
proficiency. Without considerable
background explanation, a direct rendering
of the Japanese could be awkward or
confusing. This is particularly true in the
case of subtitles, where time and screen
space are very limited. As an example of
direct translation, consider the script for the
scene in Figure 4:

Original Japanese:

WIC ! FREG LV | MERO PE,

KBEH !

(My) direct translation:

Next, the middleweight champion of
half-way hopelessness, Wednesday!

(My) revised translation:

Then there’s Wednesday, also known as
“hump day™—a virtual mountain to get
over!

Figure 4. Still capture from a Web Design Contest
(In-School) short film entry: Wednesday as “water day.”
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While both of these translations are
plausible, the reference to the Japanese H1F¥
[chuuken], or middleweight team member,
and to water for Wednesday (/KMHE F
[suiyoubi] ) are lost on an international
audience. A  contemporaneous subtitle
explanation would require too much text.

Arguably, in this case what is lost in
translation might not necessarily detract from
the finished product. However, it is an
example of unanticipated challenges in
communicating content from one language
and one culture to another. While putting
together ideas for their projects in their L1,
contest entrants may not have their mind on
how the L1 will render into L2. In this
particular case, the entrant had done his
homework: He had provided a partial
English translation for his subtitles, using his
own words as much as possible, when he
submitted it to me for review. He explicitly
admitted that he ran into trouble with the
scenes about the days of the week.

2-2-4  Suggestion: Encourage L1 Clarity in
Order to Foster L2 Clarity

The same rule of thumb applies to short
film subtitles and to computer applications as
it does to Web page text: the clearer it is in
L1, the easier it can be rendered into L2. It is
not necessary to limit the content of student
projects merely for the sake of easy
translation, but it is helpful to bear in mind
the question, “How would I explain this in
English?” while producing L1 content, for
two reasons. First, it will be necessary to do
this when co-producing material with foreign
counterparts, whose proficiency is roughly
the same. Second, the finished product will
need to be explained in English in a final
presentation at the end of the program, to an
audience of peers and staff. And while some
staff may be more proficient than their
students, they will no doubt appreciate
simplicity and clarity just the same,

2-3  English for Short
Presentations

Of all program tasks, the
“simple is best™ rule of thumb
applies most aptly to short
presentations. Of all tasks on
the program, presentations
may be the most challenging.
Speaking at the front of
classrooms may be second
nature (o veteran instructors,
who may have forgotten how
terrifying the act may feel to
their students. According to de
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Becker (1997), a deathly fear of public
speaking may literally be well founded:
Surveys have shown that ranking very close
to the fear of death is the fear of public
speaking. Why would someone feel profound
[ear, deep in his or hier stomach, about public
speaking, which is so far from death?
Because it isn't so far from death when we
link it. Those who fear public speaking
actually fear the loss of identity that attaches
to performing badly, and that is firmly rooted
in our survival needs. {p. 297).
This fear of identity loss may be high in
Japan, whosc socicty traditionally puts great
importance on saving face. Typically
Japanese excel at working in groups, but are
terrified of standing out of one. Perhaps this
fear is even more acute among college-age
young adults with little or ne experience
giving effective and lively presentations in
front of peers and teachers. Low protficiency
in English—the prospect of fumbling with
unfamiliar words in an unfamiliar L2—lifts
the hurdle of fear even higher, raising the
stakes for messing things up in front of
everyone, for all to see and judge, to
astronomical levels. What happens as a
resull, and whal can be done aboul it, is
offered below,

2-3-1 Problem: Studenis Give Dull,
Lackiuster Oral Presentations

[t is common for students who are not
familiar with giving a presentation to fall
into the trap of writing it out on paper and
simply reading aloud to their audience.
When accompanied by a slideshow like
PowerPoint. some presenters insert blocks of
text on any number of slides and then recile
verbatim what is clearly in front of the eyes
of the andience. Sometimes they face the
projector screen or look down at the
computer screen while they do this, Worse,
sometimes they read in a soft, mumbly voice,
in an effort to mask their poor pronunciation,
or the fact that they cannot understand what
they are reading. This is the presentation
equivalent  of  “decoralive  English™
mentioned before. [t fulfills the form of
talking in front of people, and not much
more. Perhaps this is why some presenters
end quickly and rush back to the safety of
their seat. eager to escape the shame of
burdening their audience with what they
know is a boting presentation.

These actions are like surrendering to the
whims of translation software: some students
think they can do no better, bound fast by a
low-English-proficiency  straitjacket  that
clasps them into unrelenting mediocrity,
restricting them from saying what they might

otherwise want to say.

Mumbling and terror aside, it is safe to say
that reciting from script, memorized or not,
is not an uncommon method of giving a
presentation. In Japan, some students may be
trained 1o do it this way, or, ihey may pick
the habit up from witnessing some of their
teachers. Unfortunately, the act of reading
slides can be frequently observed in
university  classrooms. Reading  polished
language is not necessarily a bad thing, Some
presenters can be engaging this way. In the
case of low-proficiency presenters. however,
polishing language is challenging, and
reading it in a lively, confident and engaging
manner is even more challenging.

A hypothetical worst-case scenario: in a
final program presentation of a group’s
collaborative hard work, a student presenter
gets up in front of an audience of classmatces,
teachers, and high-level university staff. He
and his teammates are armed with a
PowerPoint but have no sense of the main
goal of a presentation: to engage the
audience by being informative, persuasive
and dynamic. One teammate reads the slides
verbatim, while the others stand off to the
side. He reads in a low, monotone voice,
eyes cast down, body bent toward the
computer, one arm on the lectern and the
other on the computer mouse to advance the
slides. The text is the product of rambling,
needlessly prosaic Japanese text, thrown into
and regurgilaled by an online translator,
whose output was copied and pasted directly
into the slides.

If the program can be intended to improve
presentation skills, participants who are
allowed to present like this are being
ill-served. They are denied an opportunity to
garner recognition for the fruit of their hard
work during the program, At worst, they are
robbed of a chance (o triumph over a fear of
dcath.

2-3-2  Suggestion: Provide Practice with
Unscripted Presentation, and Focus on Eve
Contact, Body Language and Voice Volume
Disallowing the recitation of text during a
presentation may seem cruel and unusual
punishment for lower-proficiency students. It
is something 1 did unabashedly during the
2015 program, and with good results.
Because students are operating in an
unfamiliar L2, it may seem like they need to
polish what they will say in a written
version. MWriting owt a presentation is fine,
even helplul, so long as they do nol read it.
Unless  students  are  unusually  adept  at
preparing, memorizing and reciting a
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well-polished text, they wind up becoming
attached to the printed word, whether on
slides or an paper. As a result, students come
1o feel that they cannot present without such
a crutch. The result is an vttered text, which
unless delivered by a skilled oraior is
typically cringe-worthy to any audicnce.

A viable alternative is to encourage
written preparation of what kinds of things to
say—an outline—but to disallow recitation
from a complete, polished text, In other
words, no holding or reading a paper of any
kind, and allow only a small number of
words on each slide. Sparsely worded slides
are in line with best practices for effective
oral presentation visuals (Sloboda, 2003),
including the use of color, font size, and
simple images, among other things. For
siudents of Web design in particular, these
clements should be familiar.,

According to Al-Tssa & Al-Qubtan (2010),
currently there is limited literature on oral
presentations in  EFL classrooms, The
existing literature deals with EFL oral
presentation assessment (see e.g. Otoshi &
Heffernen, 2008). Commonly among the
criteria for assessment are the use of
non-verbal elements, such as eve contact,
voice volume, and body language and
movement. For program  participants,
encouraging and practicing the usc of these
skills is a step toward compensating for
limited oral proficiency. The philosophy: an
imperfect but dynamic talk is more engaging
than a polished, uttered text.

The conditions of the program are the
same for oral presentations as they are for
general oral communication: there is not
enough time to significantly improve
students’ L2 linguistic ability. So. the same
advice for students to use the best English
they can muster in a conversation can be
applied 1o the arl of presenting: a lively
presentation in simple, cven broken English
is more engaging—in particular to a
non-native audience of similar proficiency
levels—than a recitation of polished script.
Again, an opportunity to point out to students
the usefulness of communication strategies
presents itself: paraphrase, circumlocution
and mime (including facial expressions, body
langnage and gestures} are as handy in
presentations as they are in conversation to
offser the numbing silence that can result
from not being able to find the “right” words.

Tt should be noted that some instructors
prefer polished, scripted presentations, and
may not be comfortable with advocating this
presentation style, fearing that it may provide
too great a temptation for same students to

do slipshod preparation. A  worst-case
scenario would be a student who presents
with a poor slideshow and one-word
utterances before quickly retreating to his
seat, and excuses his performance with the
claim that “English is dilficull.™ This
temptation can. however, be identified and
stemmed before it becomes a problem.

From what [ observed, no problems
occurred with presentations during the 2015
program. On the contrary, university staff
commented positively on them. compared to
previous years. This sueccess is, | believe, in
part due to presentation practice sessions
held once during pre-program
mini-workshops, once at the beginning of
Workshop 1 (see Appendix), and at the two
presentation rehearsals just before the final
presentations al the end of Workshop 2: one
on the day before, in the classroom, and one
on the day of, on the actual stage. During
these  practice sessions, participating
instructors gave direct and specific feedback
and suggestions to students, who then took
the advice. Continuation and, if feasible,
expansion of this presentation
training—underscoring  to  students  the
connection between good preparation and
good presentation—would seem to bode well
for continued success. Just as a poor
presentation scecms to risk a desperate loss of
face In front of others, a successful, engaging
one may stand as a significant psychological
achievemen, a large boost o
self-confidence, for any student to take away
[rom the program.

3. English, the HIU-RMUTT
Exchange Program, and “Global
Human Resources”

The HIU-RMUTT program hills itself as an
answer 10 a call by the Japanese Ministry ol
Education, Culture, Sports. Scicnce &
Technology (MEXT) to develop “global
human resources.” This term sounds good,

but it deserves some background and
clarification.
In 2012 the Central Council for

Education, one of a number of bodies that
advise MEXT, advocated the development of
global Fuman resouwrces, citing a trend
among Japanese towards insularism and
introversion (sometimes referred to as
uchimukiy in  addition to the generally
accepted  view  that  Japanese  have
comparatively poor abilities with foreign
language. The Central Council’s [inal
recommendations to MEXT  appear  in
Japanese only'®, but are detailed in, and
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based largely on, an interim report by
another related entity, the Council on
Promotion of Human Resource [sic] for
Globalization Development'”, for which an
English translation s available'”. The
interim report coins the term global faman
resources, stating that:
In order for Japan o reemerge as a counlry
with a growing economy ... whilg it continues
to face the issues of decreasing population and
drastically aging society. it is an urgent issue
to cultivate members of the young generation
who possess creativity and  vitality, As
globalization  gathers  speed  for  the
international economy of the 21Ist century, it
is of great necessity to continuously develop
“global human resources™ who possess rich
linguistic and communication skills and
intercultural  experiences, and  thrive
internationally. (p.3)
The interim report continues:
The concept of “global human resources,”
which Japan must develop and utilize as it
goes forth in this globalized economy and
society, can be. generally speaking. consisted
[sic] of the following factors:
Factor 1: Linguistic and communication
skills
Factor 1l: Sell-direction and posiliveness, a
spirit for challenge, cooperativeness and
flexibility, a sense of responsibility and
mission
Factor I11: Understanding of other cultures
and a sense of identity as a Japanese.
In addition to the above, qualities that are
commonly required nol oonly of *“global
human resources™ but also of core individuals
for future Japanese society include: broad and
well cultivated mind and profound expertise,
willingness to find and solve problems,
team-work and leadership skills (to bring
together persons of wvarious backgrounds),
public-mindedness, moral sensibilities, and
media-literacy. (p.7)
It is notable that the report lists the first
factor necessary for global human resources
as finguistic and commnurication skilfs. [t
explains:
Considering the wide-range of factors
included in the coneept of “global human
resources,” the required qualities and skills
cannot be measured with a single yardstick.
However, il the qualification standards were
10 be presented in levels {from primary to
advanced) based mainly on Factor [ (linguistic
and communication skills as “tools™). which
are relatively easy to measure (expecting that
other factors will entail in line with such
skills), the following may be one example:
(1} Communication skills for travels abroad.
(2} Communication skills for daily life abroad
interactions.
(3} Communication skills for
conversation and paperworks. [sic]
(4 Linguistic skills for bilateral negotiations.

business

{5y Linguistic skills for muoltilateral
negotiations,

Of the above, it can be said in Japan that there
has been a steady increase in “global human
resources” who are at the (12 and (3)
levels in Japan. I'rom now on, we must go
further to develop those who are in (4) and (5}
levels (p.7-8}

It is unclear what is meant by bilateral and
multilateral negotiations, however, the word
negotigtions seems to evoke an image of
high-level English proficiency.

Immediately following, the report cites
low Japanese TOCFL scores compared to
those of other countries. Tt is intriguing to
note that this claim was called into question
in 1993 by J.D. Brown, an experl in tesling,
who, as Davidson (1998) informs us,

pointed out that Japan’s average TOEFL

score proved nothing about the Lnglish

abilities of Japanese people as compared
with other Asian nations, This is because

Japan also has by far the highest number of

people taking the TOEFL test. In many

nations. only a very small number take the

TOEFL test. Usually they are proficient

English language users definitely planning

to study or do research abroad. In Japan,

many without such definite plans take the

test as a measure of their English language
achievement, So naturally a lower national

average results. (p. 46).

TOEFL arguments aside, it is clear is that the
report  reflects a  commonly  accepted
understanding that Japanese are generally
poor at English, and that it argues for
measures to be taken to raise English ability
among Japanese. It would seem. then, that
MEXT’s ideal “global human resource™ is
one with high-level English proficiency.

Unfortunately, a two-week exchange
program has negligible value in measurably
boosting the English level—specifically the
linguistic competence—of its participants.
However, the program makes an invaluable
contribution to its participants: most come
away from the program with a sense of
achievement and a modicum of confidence
toward the Jdee of communicating with
foreign people in English. Thus. while the
program  cannot  afford  participants
significant  improvements in linguistic
competency, it provides the quintessential
element, in particular for low-proficiency
leamers, for language leaming to begin.
Participants get a sense of achievement from
the cxperience of having collaborated and
commuinicated in English with real [oreign
people on real projects, and hopefully, a
resulting positive attitude toward language
leaming.
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4. Conclusion and Recommendations

A number of faculty members from HIU and
RMUTT participate in this program every
year, and there is general agreement to the
basic (ramework. However, while the
English language plays such a crucial role in
participant success, very little has been
discussed in terms of how to best bring out
and utilize the Cnglish that students already
know. This is important because, as
mentioned before, a two-week timeframe 15
simply not enough to raise general linguistic
ability. In othct words, students need to tap
into the ability they already have, and learn
1o make do with that. At minimum, students
will experience what a genuine need for L2
competence means. They may realize
through participation on the program the
limitations of what they can express and
understand in an L2 wversus their LI.
Hopefully, however, they will realize not
what they cannot do but what they can do in
an L2: thar at very least it is enough to
function; and that their years of compulsory
study have yielded them something more
than preparation to take tests.

A brief set of principles, or guidelines, for
handy reference regarding the use of English

in each of the roles wrealed in this
paper—general communication,
collaborative projects, and short

presentations—might be helpful for current
and future participating staff. While some
staff are more proficient in English than their
students, they likely share seme of the same
apprehensions when it comes to using
FEnglish for actual communication. This is a
good thing, because it means they can
empathize with the struggles of the leamers.
A set of guidelines as to how to approach
English use would be helpful so that students
and stafl embarking on the program at both
universities abide by a  similar
philosophy—in  specific, that imperfect
English is not necessarily bad English. The
three main issues to work into these
guidelines are:
(1) Best practices for judicious use of
translation software;
(2) Best practices for
presentations; and
(3) Tolerance and acknowledgement of
imperfect English as inferlanguage; that
is, embracing the idea that any English
that makes sense to the other person is
good English, or at very least, good
enough.
I would caution, however, that any
guidelines established should remain just
that—guidelines. They should not become

effective  short

prescriptions or proscriptions. For example,
some  English  teachers may  feel
uncomfortable encouraging *broken’ English
or unscripted presentations, If instructors can
make students feel at ease through mastering
language forms and by using wrilten scripls
to produce engaging presentations. then they
should unquestioningly be allowed to do so.

Finally, although English plays a crucial
role in the program, it is barely accounted for
in evaluation. The program is referred to as
“International,” but the term refers to the
interaction and cellaboration by teams of
students and instructors from two countries
on projects using the best English they can.
In the end projects are evaluated locally by
teachers who are mostly non-native speakers.
“Linglish quality™ is one criterion on the
evaluation rubric. bul counts [or a liny
number of points. Presentations, too, are
evaluated not by any language proficiency
criteria but by their overall impact on an
audience of mostly non-native speakers. The
thought occurs that, if the term
“international” is to refer to a true global
audience, then the linguistic element of
English language content should somehow
be better supported in the project production
process, and should carry greater weight in
evaluation cutcomes,

The improvement of English ability is one
of MEXT"s ideals. However, it should be
pointed out that while reports by the
alorementioned councils strongly advocate a
need to improve English linguistic
compelence in what they envision to be
“global human resources.” the wvery first
sentence of the final recommendation to
MEXT by the Central Council for Educatien,
set off by a bordered text box, states:

FO0—-/ULAMOBRICDONTE, TNFE

TEHENATERRIEBIEDPZSNTELE,

ZFOHT, JO0-/0U0AM) ICkEN

DERELT. BEHOHZST,. 8RR

FEODIESLEN. HSEMERGE, FR

BRERNMMEEINTNS, " [Up to this

point, there has been much discussion in

government with regard to the development
of global human resources. Amid this
discussion, it is envisioned that the essential
elements for *“global human resources™
include not only those of linguistic ability,
but also the capacity to mutually understand,
to add valuc. and to be conscious of making
positive contributions to society.] (p.1)

Mutual understanding, colluboration, and
making social contributions can all bc
achieved with limiled (luency in English.
The value of the HIU-RMUTT program as a
promoter of global human resources rests not
in how well it can improve participants’ L2
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linguistic performance, but in how well it can
raise their awareness of how English works,
what English ability they already have, and
how well that ability can serve them despite
its imperfectness. If the program can foster a
positive altitude i1oward inleracting with
intcrnational partners using English, it has
already attained a praiseworthy goal. This
positive attitude is, perhaps, the essence of
what the promotion of global human
resources genuinely seeks ro achieve.
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Appendix: HIU-RMUTT Exchange Program Process (adapted and translated from Anada, 2015)
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HIU Local (In-School) Contest
{(WDC, SFC, CPC)

From among competing HIU teams,
p'lmmpatmg HIUJ staff choose:
Best submissions: Web pages, short films,
computer programs
International Contest candidates from
among winning team members,
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w,

+
+*

pL T
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L s,

(WDC, SFC, CPC)

From among competing RMUTT teams,
partlmp'itlng RMUTT statf choose:

Best submissions: Web pages, short films,
computer programs

International Contest candidates from
among winning team members,
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{ RMUTT Local (In-School) Contest

Te, -
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...................... S\

HIU: Local Pre-Program Workshops
Overview of program by HIU staff
Introduction te Thailand and Thai culture,
tips on international travel
Advice on English for communication and
presentations
Assistance converting project contents to
English

RMUTT: Local Pre?l%)gram Workshops
Overview of program by RMUTT staff
Introduction to Japan and Japanese culture,
tips on international travel

Advice on English for communication and
presentations

Assistance converting project contents to
English

-
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International Contest (via Internet)
(AWDC, iSFC, iCPC)
From among competing HIU and RMUTT teams, HIU and RMUTT statf choose best submissions: Web

pages, short films, computer plooram%

Workshop 1 & Workshop 2:

such as filming locations for short films.

front of all staff and participants.

."
-

International Exchange Program

(Collaborative Production)
@ Participant students and staff spend eight days each in Thailand (RMUTT?) and Japan {HIU).
Order of 1% and 2™ country visited alternates every year.
® Most interaction in English, with Japanese and Thai assistance from staft’ as necessary.

® Teams for each of iWDC, iSFC, iCPC chosen, Students give presentations of their project
proposals to each other. and students choose which team interests them. Each team has two Thai
and two Japanese members, and each works together an project of their choice for the duration of
the program. Workshop 2 confinues activities in Workshop 1, but in the other country. Activities
include many field trips to local attractions. Students use these field trips as part of their projects,

At the end of Workshop 2, each team gives a final presentation on the product of their project in

S
HIU: Post-Program Reflection

® Local award ceremony

¢ Students write reports on their projects
and experiences with foreign culture.

@ Presentations to next year’s prospective

students,

® Local award ceremony

® Students write reports on their projects
and experiences with foreign culture.

® Presentations to next yvear's prospective

S
RMUTT: Post-Program Reflection

students,
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The examination of present conditions and characteristics in
Hokkaido Information University hypertensive students

Hiroki SATOH", Yuji SATO", Jun NISHIHIRA"

#HEB

TR 2 EOEREBERERAEC LS L, IEHMED 140nnlg B Lo &FMm/E
EOHATBME38.3% K299 HESNE, BMERLMEERREOE
BhEBRETTHIPERERERZTD I LMD Ao RB I N5 AESED
BB —oOTH L, THIK, BMEGBHAM™E LMERBRERMEK
BELERLEDBRMONAPDELRERETLH S, IOLILEELY, &
4 EFR227TEBCTDODA-LBEFRAFETHREZHSGR2AAL
T, BMEZEOBEREIVCHEHIC > THFTZ2To%4, 2¥E 1510805 B
1044 (6.9%) WEMELED -, HEETEEM 1,276 & 101 % (7.9%),
234 /R 34 (1.3%) THo7, ZEHNOBFTE I FEPR DL 33
B (31.7%) THYH, 4FEE, 2L, 3FEOHECEr o, REEEFEE2R
HEINREDEEGEEL -, FROBH T, HMEX D Body nass index
(BMI) D ¥ tEEFEE L B, T2 £ 27.8%6.5, 24.6£6.8 ( kg/m?)
THol, Rie, BMEOREREEICLD I B (JIEHME 140~ 159nnHg F 72 (2
S HBGITIEREIIMAE 90~99 un Hg) B XXM E (160~179 nmlg F 7213 &
5w IEREAMAE 100~109 unlg) AT THEFTE2T -4, TEBIVIES
MEZEO#RNEGIZZNZFN 924 (88.5%), 124 (11.5%) THo/, MFKK &
BNl 0 FH+tEREFEZ IEEICIESMEE I ZREF R, 27.216.2 6
ETN31.517.2(kg/m)THDH, IEFRMEELEETHH HEE (P=0.03) %
RO, DEoERLY, YRZOAMEZZELWIBREIEFELRTFTHY
AEEZPLELAZBRHONADDEEITBRINT,

¥*—7—F
IME (hypertension) K24 (university student) Body mass index

LBEEERAREERBRATEREHRENKRE, Professor, Department of Medical
Management and Informatics (Dept. of MMI), HIU
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FEEE LKL T, REERITERSE
BERZEIUDETIEROBEEN
K, BOTHEBLANETH 27D
BlicowToBELBECORERTH
5, L LEu2s, ARESIEEWT
i, EBRRBOELIC L2 EEFOE
T, BIFERICLZER) ALDEnN,
EHAEE2E0 200 FHLENE
SINGZHRTHE, TOLH HBRR
FERT L, ¥YRARBEEEKICED
WTEBINZREEDOEHEBED
i, WRORHER % & UEE O
T3 A TEHELREETHZ, 26
W2, EEEEROF®E L AR L 2
NMATLEDOEMEFRTCHELE
263, TR 2SEEOERMER - &
EREOHGIC LD L, NEHIILED
140mmHg LA E o S IMLE & O Fl & 1 BiE
38.3% XKME29.7%THDH, BENIZE
HoHG3 EREEMICH S 2 ENHS
Mz, BIEZERKE RO
H5H[1], BIME I BRWEMREHB I
%A HE, GLINEEEOFE &M
R IEBREENTVS[2,3]. L
PLAMS, RIEZOPTHRBIER
PET3EOEEEI VRV, EY
REBEAZITLS LB BREBESE
IR 2O REME SRR X NG, BIF
WL EESI 200, HEEEFD
BERLYEMESCE®ELZZEL, &M
EthhiZufEhr XY RHERCHNAT
HBIEBDMEREOREEZ WA I
BHIENDPOBNLFRTHSL EEZ
b5,

ZHhEkHhERLD, SEE LI,
EEELLTRFEZ AR E L L EE
2iToh, AMAEBREITHEZNZ
BEERE L TESZRECRETES
BT, ~"NVRNFI—-OWE L

LTLHAAEEEAL OGNS,

2.8

TR 2T FEOEMBEZH 222 L
hBEBRAFEELENREL T, &
MEZEDHFNEE LB >WTRE
T35IEDBEMARDHNTS B,

3.MRE Tk

TR ATFRICEETTON/ERES
WieZZ L LB EBRAEE 1,510
% (B 1,276 4, ZHE2344) 2
HHRE L, EHEBEZHEOZH
B 1 B B I 5 02 38 v T, IR A I
JE 140 molig L EF 7213 /7 H 5 iz IR
HR I FE 90mnHg LA B o3& % S MLE & & 5E
EL, 2REBIUOEREILONRER
AR L7, S5 RBEAGHERSD
ZWEE] 2RV T , NMBmE
140~159mmlig £ 7243/ H % LI IKEH
M 90~ 99 nnfig % [ E&IME, INE
HiME 160~ 179 mmlig £ 73/ & % W
i HE R EAMAE 100~ 109 mallg % 11 B &
MEEGELZELR BN Z{To 1,
EHREZHFICAMELZBEE LV
REOENEZA, FE (kg %5
E (n) OZFTRLAGFRCIORD
54t % BMI (body mass index) % B o
EfiEE & LA, 2ofh, REE (E
H, #, #Bm) BEEREHRF L.
HpficEim L A AEMECEER
FUBMEREROBEL2THD I £,
EHRBEZHRCREREL T s
BEABHN L, BEHBICEITEE
BOTHEEREICEIDRREL 2,
MM 2w T, BELECE
A EHEEIMISOE Y t BEE A
7oo WL EDBENFRERITIZ 4T SPSS V
7+ (Ver. 21.0) ZMwP<0.05%F
BEEHH L UM,
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4.FER
SHREH 15104+, BMEEIR
1044 (6.9%) Thot, EZORNT

89

BMI O3 H LR ERE BT, X2
NEH 27.8£6.5, 24.6£6.8kg/n* TH
B, @&id27.726.5 kg/n* TH - 72,

bk, 2 BEYE 1,276 £ 101 4 (7.9%
), EXEFEE 234 B8P 3% (1.3%) B

BNEETH -,

41 EEEOERABEEEZ LI T,

4-2. TERMEESERELEZFE 2

#z1
B LEE(1048) D EA B

BiE A (%) 101 (97.1)
FE

14 A (%) 33 (31.7)

24 AB(%%) 22 (21.2)

IFEE AB (%) 19 (18.3)

AL AB(%) 30 (28.8)
REABME AL (%) 1{ 1.0}
R Adk (%) 3( 29
RIEMBME AL (%) 4( 38)
mEE A% (%) 6{ 5.8
SIMLEZREHD A (%) 16 (15.4)
Body mass index {kg/m®)

En 277 +6.5

Bt 278 +6.5

ik 246 +6.8

EIEEEERE

mILEE 104 Bh, Bl 1018 (
97.1%), ZEE 34 (2.9%) TH -7,
ZENOWHTIE, | FEPRLEL

334 (31.7%), MWwT, 4FE£ 304 (
28.8%), 28FEH 224 (21.2%), 3 HEXE
19 % (18.3%) DECZ W {EHETH - 72
. RBEERE X, EA, B, oz
NFN, 14 (1.0%), 348 (2.9%),
1% (3.8%) ThH-o7, BIEEITZ6H (
5.8%) Th-o7, GMEREREZET
ZREL 164 (15.4%) TH o7,

AT,
#+=2
I E&EmEE92%)DEREME
Bt A (%) 90 (97.8)
FE
184 AE (%) 310337
2L AE (%) 19 (20.7)
3FEE AE () 19 (20.7)
AFEE A (W) 26 (28.3)
REABE AE (%) 1( 1.1}
FHEBH AR (%) 3( 3.3
FMESE A (%) 4( 4.3)
BEE A (%) 5( 5.4)
EEFERERY A& (%) 16 (17.4)
Body mass index (kg/m®)
2% 27.2 £ 6.2
BE 274 £6.2
ik 21.3 =52
THIE + iR E

EIMEE 104 &2, [ BEEMEE
924 (88.5%) THhH, 20 EBHR
90 % (97.8%) TH 7, FENOHS
T 1IEEDPRLEL 315 (33.7%),
VT, 4F4E, 2B8LU3EEDIEK
LA TH -7z, REEBREEE,
EA, B BoEnghn, 18 (1.1%
), 34 (3.3%), 4% (4.3% Tho
To. BEERSH (5.4%) Tho':,
AMERERE2EBT 2 HRER 164 (
17.4%) TH o7z, BUl O FHE LiF%
WEWXEE, TEZFNFN 27.456.2,
21.3+5.2kg/m* TH H, ki3 27.2=+
6.2kg/ W° TH T,

4-3. IEEMEEOELABEEE2£ 3
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R,
#=3
0 E e i EF (124D ER B4
B ANE (%) 11 91.7)
FHE
145 ANE (%) 2 (16.7)
2FE AE (%) 3 (25.0)
3FE A (%) 3(25.0)
A4 AN (%) 4 (33.3)
REABE A 0
REEBAE A% 0
RIBMBE A 0
WLEE  NE (%) 1(83)
&I EFEELHY A 0
Body mass index (kg/m®)
EXLS 315 £7.2
B 31.6 £75
i (1%) 31.2
FHEELRERE
BIEE 104 2, [ ERINES

12% (11.5%) ThbH, 20HI b5 BHE
11% (91.7%) Tho7t, FENOBHE
TEHAFEPRLE L 44 (33.3%), 3
BLRU2E4E, 1 EEDME S WEAT
Hhol, RBEEEEEE L UVSEMED
REBEZET 2 0RFEFD Lo T,
MIFEEIL 1% (8.3% Thov-, HiE
(2T S BMI D E SRR E
31.5£7.5kg/m* TH -7, &k (14)
O BMI fA i3 31.2kg/m* TH b, &3
31.5+7.2kg/m* TH > 7z,

4-4, BSMFEEEFE L FRHEOEES
3 e o
IESIVITERMEZEOFEHE X
XBMI % LLEsRst L -8, M E
BEEZRO Lo, BNl OFHy LiEHE
RERIERIVIEGMEE I Z

1Nt S i R

Fi, 27.2+£6.2 8 L X 31.5+£7. 2kg/n’
Thh, TEEMEEIZ ] EGMES
LHEBELTSETHHEEE (P=0.03
) DI,

#4
18 /£ ZEE BE & (R R o B
1B onE
(n=92) 12y  TE
Fip (F) 21 *1 21 *1 0.76

BMI (kg/m®) 27.2 *6.2 a1l £72 0.03

BML; body mass index
ML W

5 &%

SR oK T, dLiFEBERAKFEED
6.9% (B4 7.9% LMK 1.3%) EIME
RO, BRmrEBEsERETHS
ZEMBHeLERS T,

2010 FEIREBIN-EEOHBER
B L5 LM AIME 140mnHg ¥ 72 12
/B B VI ILRAMAE 90mmHg PL Lo X
REDHEGITBME 10.1% T 2.2%L
WEENTW3E([5]., 2%05BE, Z#&
ODERIMEEDEEIFNFN7.9%,
1.3%TH H2EFRZ TEZ Rk
BWRTHoI,

SIMEGOCMEEBREIEOER &
MEAFTH B, BEIERSD W
SR ADE L BEFGEFEO 1D
TH D, R Y Carlsson 5 i3 FIM
EoRBUHBSPEHTHOINRIEZH 3L
LMERBHREEZEMEE 2 I L2 H
HLE6]. BFEE LT, SNERHBHY
BrAEVWE, AEEEEEE 5 &
ERZTfEse F vy 2 Ao RE0E
KEREEPET L, Z5YEFY S
FHRERT 2 —H—D1OTHB
VR FUMFRBENEHEE LD,
MEBES EIHRILA2HEEL T
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T 20.8+2.6kg/m EWE LTV B [5],
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11.8% ZHE6.0%EHSI TV 2EH,
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Investigation of the second opinion into medical institutions of
Hokkaido from the Viewpoint of Patients

Kenmu FUNAKOSHI  Aya TAKAHASHI
2E

ALEE DR ER A R ERAER 3, 018 ), B FA P = A L IHIE L TWAE
FAERIE 1, 001 FTH o7z, 2D HH 556 FTREGHN) L FHRIEM®E21T->TEY, 556
HOIBEIHTEI L FAC A DERE T 27 A MIBH L T 5, 63 EREE
O 7Y A by Yy 27EE BE X, 2ER, SEER, 2% (980 FrE A 51 L /2.

L 6% DEFMEOLNRT v 74 MIEHREEE L TE D, BEVREFHCERKRE
PR LI, HaEirE X,

Abstract
In Hokkaido, 1,001 out of 3,918 medical institutions (excluding dental clinics) offer
second opinions (SC) to patients. Of these, 556 conduct additional examinations and
provide explanations to patients who have requested an SC. Only 63 of the 556 describe
the SC process in any detail on their institutional web sites. The web sites were
evaluated in terms of ease of access (by click count), visibility, number of departments,
cost and examination time. With only 1.6% of such medical institutions making SC
information available online, it is evident that prospective patients are unable to make

informed decisions concerning treatment plans or choice of medical institutions,

F—U—F
THy RAESty EREEEERIEE ERERT b DRIERRE

AoimEE R RS S ERFNERERER 44, B4, Department. of Medical
Management and Informatics, HIU
Mg EIFR K FEERFERFHERERFH#IE, Professor, Department of Medical

Management and Informatics, HIU
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Proof of Kepler’s planetary laws via applying the high
school calculus

SHIN'vA MATSUIF

EE

BN TR IMEs 0T, KETIT 1 ZHOBRESONE L BRNIZERS . KETIREH
TR IADVE S CEELANTSP, BRTRERIELC,. ThitsEbod, akONEST
DEmCHLEEHE2 O.hIE, Fhia AL, REOoMBEFOENTHS TER) MTL5, FRTR
FOERY LT Keplor OENOHRAZIT>F2HMET 5,

7k
BYAE, MoBEs0EREE, B AN, Kepler %8, Newton DB HE|DILR], AR

1. BU®I

SR TEIMESOEMIT, KETIT
5 1 EHOBREMREERIIIHEER W, X
FTRERCTEEE N LI e ER
L, 2Tl E# > ECOHRIEDHERE
M. BRTRICZER2T50EELWIE
EbhoT, HILEEOHGOERICBE DS N
i, SR TEIMES BERMAEROM EEE
A ([4) MRS OARDOHNTH S THR]
HAS. SETESMEsORBIX, 757 -
TERBEETH LY, ThOFHALHEIE,
M4 5{RE - £%H - ERPZOIEHIZEEN
TWHEPEHILHEHATELRZ LR ETH D,
YORLBZHRPAEIETONY 7 - iz
i3, MOBORE  EEXEHD, FhoHETIC
A B A, BEETTALS EE —#HHATE
BERRSEES N, HFHETETIL%S
TREIZMIEHTELHEND S, FET
i, ®ENEEO HDEKELT, KE - E
- A2 LB 2T D 5E, YOY
SR B EBECRT I LEBNET B,
BEMA@BHRERE LT, XO b, FII0

OB AT R AT 0 TR

I'rofessor. Faculty of Information Media. HIU

B AV 2R FCABTORES Kepler @
EHRIOFEA % T 5.

Johannes Kepler (1571-1630) #3452 f- &
OF S E R4 EH] ( Kepler ®#8]) 13, Tycho
Brahe (1546 1601) (2 &k 2 KEOBRAFEE%E
s hAZ e, K< THWE. 20O
Kepler @ik 1Y, Issac Newton {(1643-1727)
k5 EHARAN DA HOENER NS
XK OMBENEEHEN TR TS D, IO
AaFBA I, Newton RAARFOE 7)) %
7 ] {Philosophise Naturalis Principia Mathe-
watica ([5]) Ti1->THH, TOMHE, Hb,
Kepler kA& HHF ) O ERADEFNE
EVHSRMLIToTwE, ZOBOEFIL,
Vladimir I. Arnold (1937-2010) o #FZ ([1])
LW, AB ()b MEMNEHII LS KA
ENFRABMAAE T WS, £, KAMA
32 2 LTS B RE O 2 OB~ O
ERELTE, [3] 28805,

AMTROEIEREE KEOBFRE, Bl10
EORBEIIRBE iz B,

B Y37 L0APORSOFOOERE » X L
RN OP B a MOTEOR L OBRTLE 0 &
LEL &, r=j(8) L\ HHRTS T 7 & FEF
BHEETH L.

2 Andrei N. Kolmogorov{1908 1987}, Viadinir L
Arnold, Jirgen K. Moser (1928 1099



108 A

" @ BE P (EE )

=

OT X8 (58 M)

[ 1 FEERE

IOFE1 T, AR O(ES) EREP %
RKEZTOHBMEE LTHIVT VSR, it
b PTCERRALEETTHSE., KBERE
BEFhFhES (BEERFE2E) &L, th
FhOBE* M >0 m>0895 . AF
T, BRETEREDONGEEZRTIHDTC, %
DIHIZTIRD X5 %FE (kRE) % L, Kepler
DFEHDAHZAT 5.

{R7E 1.

o EIFIZEINAW. HIE M =>m ™ 2{K
ET 5.

e BEEIXREZELTEHLEEEDTS.

o MEOEBNIGEH + OATRESL, P
R#l%s t=02F23.

BE P ONBEMTTI7-H12, 1ok
S §H + TO B P OBEELRETS.
OP OgE% r(t) &L, x HOEOE T LR
FOP EDETAR N LTE, ZO_DD
B3 r(2) & 6(t) DARRASERINEY (R
BREEED THD. HB #(1) & 0 O
TS D FRENR (Bd) 5, TOFERE
BHTREEFEETHS. Lol EakomEiiz
DEEEEHT 20T, MOFEERKEETS.
EOIHEERRELEBOBR 2T AL
i, oo MEsrE (BErmeett) ) i &
BETHD, LB TLESARERROEE
TH5Z5.

{RJE 2.
A3 (1) &
H5H 1,

B I, t2 0BV T P |T

Kepler DEH[Z 52 TEZ S, RBIEMER

BOSE g s bk, a b ITIERTHERAII R X NE
EHRT.

U EEALFOLBOT CMRTHLEE, t>0
EHEVTER 2 m BloatETdy, TOm
BEERS L AT RS, TR,

B

LAk, SEOTHRLEITXMIZES.

FLEN BB, KEE L oOfSLTEIE
|| % 1% <

F2EA REOEHBEEEILI-ETHS.

B3R BEOAEAIO 2RI, BEOR
RO I RICLHAT S,

2. Kepler OFR & GEBADER

Keplor @A ETREL, FNEGAT 57
SHOEHE ZDETITD., B+t TORED

mEs (") ppcen
y(t)

z(t) = () cos 6(t) 9
y(t) = r(t)sin 8{t) )

THLPG, KE2MS ) & yt) X+=0

THII P ETHRES,
TS ML T, —fRELEIEA
FEHTHIH, b f(6) 3. KR ¢ o

f@) OWRERTI LTS,

EE L (i) $Et®&¢bmw=(m)

L2

Yy = in

Y2

Ty aoye EEEBEL, ||z)l=vE e &

B, B y=0ThHELEz L y
RELZTA &V, zly &L,

(i) HELORZ b bz &y B ||l = ||y|| =

12 ly 2Fidesd, sy E

HELEETHZ 2\,

(i) C! DAL RS Pty = 2@y -
y(t)
#U,

E’DWE :B'y& :B'y:

P%U:nEE%(P&+hy—Pun

AT GROMGIZSWT EEREE
EETS.

(ivy YWEOES P OB bW
P(t) ThhHEE, oML PH) B

OARETRE-RASEERETCEOET. K2}
LEFIAZ FACETZET A, R, TATE
G, O BTHBEE, FORSPALE OM
MTHBE NS,

6 EEAESAZFLIBENIRETHELS, KRBT
BT A2 b r L

PRI R PR lime, FE) = F TH
SE4E, linra, ||f'(?:} - .{”| — U &EL-TIEE
L5,




ERHCE O Wy O

PP = (P(H) 3FnEhESE P D
HEAZ R, IEERZ L E EER

A Aol L BUR R RE 2 BRI

[ cosdit) o —sin@(t)
Rit) = (51119(!)) 8= ( cos@(1) )

THY, R{t) 2FELFmMORAMNT L&
O, ZhIZERTS O(t) 2R HIDBAA~
ZENELRIEIZTH. ARTHELRWMS
CETSHEERBRALS.
ﬁﬁl.Nﬁwam=(§3)%Clﬁt
L, {RE 2 2RTT 5.

N £40
0 F6= {0

(i) C! OB Lit) 1T LT

;—i (k(YF()) = K (OF() + k(O F'(1)
PRI S,

(i} R'(#) = 0'()O(1), ©'(t) = —¢ () R(1).

THS,

(iv] P(f) = r(t) R{t).
(vi P{t) = ()R(t) + r(£)8'[)O(L).
(vi) Pty = ("'() = () (0'(2)) ) R{t)+
+ (2r{E)8 () + r(8)6" (1)) O().

)zt An =[] D) Lse.
¢'(#)

é (F(t+ h) — F(t)) — A(t)
i f(tﬂ?,._ ft) .
gt +hy — gl
gt + !1 git) —g(0)
o THETOMS AL Y,
1
’ll_liyl_(l] 5 (F{t+ 1) - F(t)) - A(i)H =0

Ths. (i) BR2Z FADERS T EITHOM
BiEEEAERW, (i) 257, SREREO
WaEEES &

b [{eos@(YY (-0 (t)sind(2)
R = ({sme(t)}’) B (6’[t] cose(t))

o —siné(¢)y
= ') ( cos(t) ) =& ()O{!)

FE L L TDOKeplerDEHIDEERA

109

135, #ELRBRCEIET IRV, (iv) 1F
(1} oL THS. (v) Z7EH. B
T, B ~OKREERT () BT
3. (ii), (iil) & (iv) &9
P =(R) =+vR+rR
=R+ rt'@.
IR (vi) 2 mT.
P" =("R+r§'®)
=r"R++'B ++770 +v6"0 + ri'@’
=""R+4+ 00 +1'90 ++8"0
+r8' - (—¢'R)
={r" —r(@)V) R+ (270 +10"}O
AT AREZ U LTHS.

Kepler DEMZF0R T 5 R THHRHE) (14
2) OEFRREFRLES. LBRE TR
DIRIAFTH L. AHELELZEZEDD
BN, BEFTIZEATEID.

WRE 2. (i) BEEA R =(-20L0) 2EXE
T AEHOBERIE
AQ _3‘2
" A Tcos 8

THB., L A1 FTFOTRTHD,
ZOEMNORNME ¢ = (—1,0) THB.
(i) EAEGLMT ||O1) % BRELL,
R E ||OP)| LT 5. T0r XREEH

— A, AR = VAT P ThB.
B’

—

[§] kid
C /Pﬂ

[5 2 ¥&1]

AEE (1) 2T D, EAEE K, B LTS
M IoE P i ||FP| + |BP| = 24 %%
Tod. L A1 THo?, STHRAD
BAETEF = (0.0), F = (-20,0) BOT
I’=(rcosf, reind) LH <L (0<r<24)

||ﬁ|| = /(rcos®)? + (rsin8)2 = 7,

—
||£]]

= /(rcosd + 202 + (rsin )2

= vr? + dricosf + 442



THHPS Vit drlcosd + A2 =24 - &
BAH, AU 0 kO Tl E 28EL, ¥
rihd
Ly

T A+ lcost
2185, Wiz (i) 2T, P, = (a0} &BE,
Py=(=L@) B, TITa b 3 RITTR
HHREMTHD.

o DEEHETE. ||F P = |BP| =
20t THAEDDS, a+(2+a)=24 TH5,
X-»T

¥

=41

235, 8 (D\{ﬁ%.ﬂ'ﬁ’d‘%. ETHOTH%
5 & AT = RFl = VP Tos
e, 2P+ =2ATHBS. £oT

8=+/A? -2

R LoTRERE =+ =4, BEEF
=3=+/A2 2 {37, EWEbY,

B BPE - BLEETHY, BORD
—_—
_|i_leme 1
| IcR|)2 A

Kepler QAN HAEREEOHEE S5 R

5. 1 E£HORBMTEHHERD L ENTR
LHOT, ZITHERNIOIIFEL5A5. #i
EROBRFEERET S, 1 EROES L BE
BEEROMMEsOHA*EAS. LB 51
LTH, e LA TEWT RSN EE L
A, IITLBREITI, fHEEZLIE
izl &3,
R 3. X r = f(0) TEASNAMRES
AD. FEL f8) 34 IcEALTHERTRS
T5H, ZD&E, ZOMBS G <6<8 2
T 2R y = (tanfy) 2,y = (tanbh } =
TR B5EE D OmiE S 13

T#HD,

[}
5:%/ (F(T)? dr

al:l
THb.

SR MBS, B E = {60 <
P f[f}},go < 9 i 9] } THhD.

110 L/ANP O R

& =ff 1cl:t‘dy=[/1'd?‘d9
D E
0 He)
:f / rdr | dil
[ 0

- [ Sueyras
- [ twran

it

LoT, EREAHEINE,

EE 2. HEANKBOM D & b IHEH
W r(f) = f(8(1)) EBUHBET R, 2512
A0 IFBEIEBMEAKRTHEET A, HHEY
t=072or4t Oz, KBEEREEFHESE
MOMEAEBONEE S(t) LB ok E
5 AREOEBEEEL WS,

FALEEELR 6(t) X, 0/(1) BED X%
WhE - THLWNHEROMBEL U TIRIT
B, LPLBEO#HERA2EXLZEEFED 20
FRLT O >0 £ O <0 LRBA
ETHAHS. TOHEPMER, o) CHRET
B, B L LM o ADHEDT TEAT 524
ERiHS, Held ot OVBEILREERSZ,
() >0 ZARAY 2 Z &2 &4 5. LB HHANE
DA IZEIZ STV, ROFETI 4(t) DR
AEEREL, WREE S'() 23lHL LS.
BE 4. BESKIBDE D & b 58
R w(t) = flo(t)) LB HETS. 612
f(o) oEfLEEEEL, 60 t=20T, 1
MEL, 0 >0 1T 0() < 0 2{KET
5., ImrE

' 1 L !
§'(t) = S LA 1)
THDB,
S RS LD O >0 DL EiE
A 2
s =3 [ (e
{0}
THSL, BBV <0 D& EiZ
B .
sty=-3 [ (srnar
2 Joem

THD, UNFE) >0 0L ED0FHEEZL X
5. M <O DEEBERTHSH. T THMHE
S OEREE

m@:/gmﬁ:wwmzmm



BB O MEESY DFEE: & L TDOKepler D DLW 111

TN T A, ZIZCg(r) ey < CHERR
THhbH., £-T

L e . , 1
HEwy =5 [ () ar s B = 5707

o
THo. BIZHRBEBROMEEED &
1 a2
Sty = 1) -6 = S [F6@)]" - 6'(1)
PLE TS 7.

ML 5 =D T, Kepler DR OE AL
TS, BEAERMAEE, REAXRKEORD
1ETA3DICETIHEHTHS.

-~ Kepler i I ~
Ist law HDSEEH A L (A0 B
FHL,
12 e
rit) = A l

A+ Leostf)

I AVAC B
2ud law MEHEREE S'() BERTHD.
3rd law BEOLRERME T 2L, &
$FZE R, T, ZOLE TR,

i, BE PUKRELRVWERTH 5.
S

Z DEHE Newton O EB O R % {#
VAFRT 2D TH S, EHMEDNFES 2D
W, BRI EERAATEIS,

()J“i*-ﬂzf)uf ~
BEFES TREEEH<EL P (BE
m > 0) O ¢ TOME («<7 b)
 PH) B, IO EA M
HER RPNV EF ETLE

mP'(l)=F

WRNT S,

BESIHOERN HE M >0, m>00
ZOoOMEIEEES. EDLDOK
X, —ooWERMOERES B L

5k
GAim
R?
THLH, AL G =0 HE
WTH L.

3. BEMSMEEIARAELBELEE

WMHOFAEFERLZE» S, HE P OfER
TN P PR AEARBELEYTS, BE
BINOFEUEEHIEN,S, MOEWMLT
BAeEL. MEECELTE, BRT5. %
BT OEBICR > T, BR F(H) ITAwL T,
(fien™ & foo(8y LB EIT S,

GAMm

mP" (1) = —WR(!,) for £ = 0. (el}

L, IoEERAMEELL LT Z0h
BRLWHEL 2V, O & R() OEHO
HRACEXER LS, (ol) DERIE
m(wu)—ﬂﬂwq%n)Rm

+m (20 (838 (t) + r(£)8(¢}) O(2)
Thol. Fh R(t) & O) BFHELSRE
THEDT, EM ag. as, Ir B 220 LT,

U:R_R(t) + Qg@(t] = SRR(” + ._7'9@(t)

WS D BOBE+ T ERME, ap = 3 D
g =Fp THIZEWBERIZN®PE Y. ko
Tel) b t>0m2&E

m@wﬂ-unwfug:-%%§ (e2)

m (207 (3)9' () + r(£)6"(f)) =0 {e3)
B, TTBOMASEEMD &2
P(t) (207 ()0 () + (80" (#))
= 2r(t)r (0 () + (r(E) 7 (1)
= {2} 0 +r2 1) (D)
= (e}

2T (2) B (e3) xr(t) & b, FHEHK
r(t) X 00 KAV T A AIREEE 8BS,
OEHE RO AR, B2 oD RIS
THhbH. DEEEt OB THI I LERT
(6) IZEBRU 72, 7720 B> 0, b> 0 T
THL,

(™ (1‘” —r (6’)2) = _Gf’lim fort >0 (E1)
J () =0 fort>0 (E2)

{0} =B, #(0)=0 (E3)
L 7{0) =0, 8'(0) =b (E4}

5 MTOFETEICE- 2D B Tidin,

9O R 2 O ARETAEL D



112

ZOMNFE M ARARIIWT S P HBiER
(K1), (E2), (E3), (B4} (TR &ERET S, BL
TZOMEL (E) LEL. ZOVHNEDHED
BEEEROEH T, < E T Kepler
DFAETT I ECH B, BUIARB T, i
HEL &S,

RAE 3. #IHERIR (K) £, ¢ =0T C? #o
1 B0 (HILFEW>) 230,

ZORETI, i RO 1B YEETH
B, THRO1EH] PRIZLA0E, FIZER
EDPEEFEL TH 2R UM OEEIE
EWIHRERTER DS TH S,

ZORE 3 & (E) 75, REOMNENT
N P(t) OYMAER

P0) = (‘g), P0)y = (gb)

THbH.
4. Kepler OFEEBDEIE

FECIROEREZTHL X 5.
EHE 1 E 3 EMEL, W@ NLT
B < 2GM 2{EET A, D& E (E) O
r{t) & 8(1) i3, Kepler DikHI &R $

OB, EREGIHT 52D ITHERE
xR,
B S5 TATDE> 02w, mAEKIE
T5.

iy 72(t)¢'(t) = B%h.
(ii) 7(t) >0 &2 &) > 0.

Gt =0 BEEIZE S, AR (B2) & HH
FA1 (E3) & (E4) #5, (i) BEB LA,
ElINEY B> 080T, »2H0(#) >0
THE. LoTrt)Z 028 >0 2RF
5. LoT i) OB PHIAME NI, REBLC
() > 0 Emt . #HEHE (0) =8B >0
THY, KE 3 &Y 2() 2t =0 THEFKT
HB. HBEA to > 0 BEEL T rtg) <0
EWLTELES, THETRMECTHED S
Pt} < 0 E\7=THOER 6 (0<t <t
) BAFEETS. IR ALT ) 201
RT3, koTTRTD =0l T,

) >0 THDB, BETHS.

DEI () = S0
W ERBELES.

(£)) L7 BHERMDH B4
Kepler @&HI 1st law O

B

it

i R SRS

R 1. (1) WHAEA 2GM > B BT

¥ HBEH AL 1{0<l< A) HWEELT

AQ _ F
()= A+lcosht)
Bl
(2) B AL RTHEAZLNS.

_ BGM _ B'% - BGM
C2GM - B3 20M - B3E

G r(0) = [(6(1)) ¥ [ = [(p) PIAET
BTN f(p) OHEAZEDRITL LD,
(EL) 725

y GM .
PR - @Y O+ S5 =0 @
THbH. TORIT () = FlOE) ERAL, &

ﬁ%ﬁ@@ﬁ&éﬁumﬁbiﬁ.ﬁﬁ%ﬁ
{ DA i amu*v Foeh, BB f(p)
ﬁph%?éﬁﬁ jg%nm ”f ) %
flp) TERT. 5 CD (i) 2.

e B?%h _ B .
YO=mm T Feay @
THBH., £oT
Bip?
. 2 _
134, HERIZ (3) 25 &
() = f(8(t)) - o)
GO
= B%
)
n, 1
=% = —
dp (f(p ) —6(t)
MWL THDT
. o, d 1
vty = - — [ — 4
) ) dp (f(f)}) p=a1#) ( )
/B4, 72T (}'(p)‘ i, Fip) &
=0
FLEET p—() »&&:,wé L EET,
ol (4) & L THOL, 3) 2L L
o? 1
113 b 91’ -
r (t) (f(P)) p=0t) (T)
_ _B'_*"z N (L)
B f2(6(t}) dp2 f(p} p=4it]

767



BB O MEESY DFEE: & L TDOKepler D DLW 113

285, FoT (2) (X
_ ﬂ-ﬁ*
peety  L2(B0)
L GM
FHomy

LGNSR
F20(0) & \ fip)

YR, O F20E)/(B?) ANTT
TrHbE

( & (L) L )
dp® \ f(p) f) p—8(t)

BEL. XTHMES () & IBEELED,
gl > 07D 80)=0TH5. LT 6(r)
HOMEOFEEOFEREFELLTED, HE
Ddr o, RAEH f(p)Ep>0T

Ei(1)+ L _ov o
d? \ f®y/ flp) BW?
BTN, 0t OBRRFERL
BO) = 0 5 B =0 —= t =0 THS
LT

_GM
© B2

f{0) = f(8(0)) =»(0) =B

#BB. T 50T £(0) = fH0) DT, (4)
£b

o PRy 0y
HUES =

(%)mjz}igk=°

THH. kT 1/ f(p) OYMRIEL,

1 1 Iy
w00 o
THDH, TO2REMSHEXORBIER B
(5), (6) I, HCEFNZEEMITSE 0, R
él‘ﬁ%bf%ﬁb\'ﬁaﬁ)é T, BHEIZRAL S,
o) DHBR L A TRBE 2 BER Y HIER
TH D LHRER (5) Ot AR

Mil=0

Thy, RERIT A= +£/-1 Th3. Lo

THARE LT cosp & siup B3G5,
LoT

1 )

—— =acosp+ sinp + ¥

fp
Wz (2] %,
e B A Pk o N -

Y BT, MIBMERE (5), (6) ORBIZA D X
TWER v, 3, v BRETHE
Lo _ (1 GMYy o GM @
o) \B BW)°PT pip
#95, £oT
1
o) = GM
BT ) Pt
B2
GM + (B3 — GM)cosp
B
2C M — B2
B2
SGM — Bob
BGM (3%2 — BG‘M)
COS

LB D, pEBEDTFIC g lyl

flp)=

2G M — BEH? + 2GM — B3h2
EEET S, LT

_ BGM _ B - BGM
T 2GM - B32 T 9GAM — B

ol 2

A

(8)

AP =(A-D{A+D

_ 2BGM — B*%? y B

T O20M — B3? T 2GM — B3B?

_ B%?(2GM — B%)

T (2GM — B3p2)?

B B5b2

TORGA — P32
PRI A, JIHEOKE 2GM — B3 > 0
kD, Bshii o<l ATHY,
_ A2 _ !:.2
~ A+lcosp
BT M) X 0 CBETHo b
5, BLETwE 1 Bl 1st law DR E .

fip)

BEZTI, (5) A OWAES. BHHE I

DRI THRIRA T EEDT, FHIENET 3.

o TIEMEA 26 = B? BT L &
20

Fip) = l+cosp

A7 d. MBERT » = 2B/(1 + cosh)
LI HHRRE, FRaiERe T oA
E- 3

o FIMIHEIE 2GM < B R 2 &,
BiEBWT a=-A>08 p=-I>10



LB IDEE, 0<a<uTHY
2 2
p) = — %
fp) = @+ ptcosp

WY BERT » = (02 - o) /(o +
pcosp) LR BEMIE, FErE—Do0fEN
L1 amihigitFE9.

T, Kepler DFEH|DFBFIZE LSS, W
RE 1 DR & i/ 2 (i) 5, IKOBENES
IZHED.

R 6. BEOBED RIE R, LELERE R,
i3, RTHEAL6NE.

—_—
BGM BoY?

B = serr—pmm ™ =

| 2GM — B3R

6(t) HERGRIEINGEEE (WERE 5 (i) T, Bl
WEERHTERI LW ah s (W 1).
TSI 4 & H 0 Keplor @ERIO 2nd law
FAHIL K 5.
tiRd 2. EREEE S'(8) &

2l _1 2
§'(t) = 3B
TH5.

GEMH FERE S () L AR 1) 5, FHRE 4 DK
EWRUET DI 5. L-oTHES ()

75
! 1 2g¢ ' 1 2 y 1 2
(1) = SO = 5208 () = 5B

PRRAT L, eEEIEFAI A NS, D 2nd law
Bl S s,

BB 3rd law DA AT . BRAKCRKE
P ORERM T 2HET 5.
AT BRE PHYM{BHORLEEL R, H
FiRZE R, L4, ZkE, PHEBOA
DA 1T HIZET S RERM Iy 1E
2w ity Ry

B2

P =

THDH.
Eﬂ?ﬁﬂ %L‘{E ‘fﬁiﬁ'ﬁ*ﬁﬂ@ﬁfﬁﬂi Sp = ?TRaRb
ThbH. FH, Sp=5p) THLHhE, fM
4 & mE2ED
Tp Te 1
Sp= S(rydr = j
0 0

ThbH. EoT

a L
5B°bdr = S BTp

114 L/ANP O R

%B%TP =7R,R)
Thd, LoTHELES,

ZONERM T &\, 3rd law % FAE0H

L3,
S8 3. AR B.
(TpY*  4x?
(R,Y  GM
TH5.
FEMA R T LD
(TP)z _ 27 R Ry 2_ 1 . 4n® X(Rb)Q
(R ~\ B% / (R~ B% R,
THDH, WEG LY
(Ry)* _ 2GM — B3Rz _ B0
R, = __BGM = GM
2GAM — 342
kD, koT
(TP)2 _ 4ar?

(R, GM
/B3, oT 3rd law BRI N7,

5. RmEBIC

AIF T, Newton OF AR HOEHID S
Kepler @ % SR EFEORB TUHT 515
&, W B EGENBEPEZAREIITAI L H
& LA Zoi Ab Kepler ®FHE IO
HAID 5 Newton DEAOSKBE %4 - 7
AEHE B E WD TITWRWVLE-S,

BE R

1] ArnoldV. L E 8iTH, BEEHO; A
ZT kB, YaF N T T IR
5 (1999),

2]  DBurghes, D. N. and Borrie, M5, 3, M -
KB, Mo ARATHFEEFILERESS,
HAEdmt (1997,

[3] Dyak, F. and Holmes, P. %, &HR, E#&
HEORAA=T bt £ F, vaZyv
H— LT F-FHRE (2004).

[4] SRS, TEEEEMEMER BT (2000
F11H)

[5]  Newton, I &, EFRAR, TV KT

BAHZOREMEM, @it (1977)



ICEEBEAEE  BAEE 25 1 115~132, 2016 115
(L — B>
TERIRSRE & Galois Bham (= B89 5 #A {ERL O A
B HE — BR

A Trial of Preparation of theTeaching Materials
about the Construction Problems and the Galois Theory
Yuuichirou HAYASHI

= =]

IE 7 BRIMERMEOERNE CIIHERARETH L0, VETITND, FEHZD
HHFHFNCES LR, BEOHDZ L THL, ZoRRIIREFEAZFER GHEL
ZEITLEHMLTWS, Zokoil, BonBETENERKET S Z EAREL LT,
DEIRR) LR ERBBEIT —RICHEIERERNZ L Th 5,

AT, HHROMBREDIER, AA52HEN L 1 DRl ELATROERIME L
Galois Hip, ITHRIZLBERIZSDWTOEM #RET 5,

Abstract

Regular heptagon can’t be drawn by construction method of elementary geometry, but
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A study of the relationship between the various parameters of a

digital camera

For camera vibration and large format camera

Keisuke Mori *
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IOBMITRTHINNATDEBAT A —FOBREEEL, BRICG - =B F
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Abstract
In this paper, I described the relationship of the various parameters of the digital camera , and
examined the optimal adjustment method of photography. I discuss the basic specifictions of
optics from the viewpoint of relation to the characteristics of image sensor.
Then , as a resull of the measurement , with the high pixel image pickup device | the vibration
which is generated from the mirror or the other (for example Shutters) can not be ignored.
Finally , I examined the control of ultra-high resolution photography and the focal plane by the

large format camera .

*—7—F
LR rfiRaE(Resolution)  #F5 SR (Depth of fieldy  #&5ELF(Circle of confusion)
W& S HEEE(Hyperfocal distance)  #RE(vibration) K7 2 Z(Large format camera} &30

(Movements)

AL EER A RIER AT ¢ TEER AT 4 T EREIE, Professor, Department of [nformation Media,
Faculty of Information Media (Dept. of IM), HIU
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