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Integrating Scientific English and Life Science Learning to Foster Global Competence among
High School Students
Aki KATO™, Richard CULLETON *2, Ruth VERGIN *!

“'Ehime University, 2 Proteo-Science Center, Ehime University

Abstract

This study examines the educational effectiveness of an integrated science and English education program designed to foster
global competence among high school students in a regional context. The program, implemented at Ehime University within the
framework of the Japan Science and Technology Agency’s Global Science Campus and the Next-Generation Science and
Technology Challenge Program, combines scientific English instruction with life science learning and international engagement
opportunities. Drawing on perspectives from Content and Language Integrated Learning (CLIL) and science communication
education, the study explores how language-integrated science learning can support the development of intercultural competence
and scientific communication skills. Participants included high school students who took part in the program between 2018 and
2024. Data was collected through rubric-based assessments and participant feedback. The evaluation focused on indicators such
as intercultural understanding, logical expression, responsiveness in discussion, and communication ability in English. The results
indicate that students who completed the program demonstrated measurable improvement in intercultural adaptability and
increased confidence in communicating scientific ideas in English. Qualitative feedback also suggests that authentic experiences
such as English-medium lectures, collaborative activities, and overseas research opportunities enhanced students’ motivation
toward global scientific engagement. These findings highlight the potential of regional universities to function as hubs for global
science education and provide practical insights into the design of interdisciplinary programs that integrate language learning with
authentic scientific practices.

[Keywords] Global science education, Scientific communication, Intercultural competence, CLIL (Content and Language
Integrated Learning), Secondary science education

I. Introduction

In recent years, the internationalization of science education has become an important issue in both secondary and higher
education (OECD, 2018; Knight, 2004). Scientific research increasingly develops through global collaboration, requiring
scientists not only to possess advanced disciplinary knowledge but also to communicate effectively in English and engage with
diverse cultural contexts. Consequently, the development of global competence and scientific communication skills has become
a key objective in science education (National Research Council, 2012). Educational programs that integrate language learning
with scientific research are therefore attracting increasing attention.

One educational approach that has gained attention in this context is Content and Language Integrated Learning (CLIL), which
promotes the simultaneous development of subject knowledge and language proficiency (Coyle, Hood, & Marsh, 2010; Marsh,
2002). Within science education, CLIL-based approaches allow students to engage with scientific concepts while using English
as amedium of communication. Previous studies have suggested that such integrated leaming environments can enhance students’
motivation, communication skills, and intercultural understanding, particularly when leamers participate in authentic scientific
practices such as discussion, presentation, and collaborative research (Lemke, 1990; Mortimer & Scott, 2003).

In response to these educational demands, Ehime University has implemented a series of programs aimed at fostering globally
competent scientific talent among high school students in the region. These initiatives began with the Global Science Campus
program supported by the Japan Science and Technology Agency (JST) and have continued through the Next-Generation Science
and Technology Challenge Program. A distinctive feature of these programs is the integration of scientific English instruction

with life science leaming and international experiences. Through lectures, group work, and overseas research opportunities,
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students are encouraged to develop both scientific understanding and intercultural communication skills (Kato ez al., 2024).

The purpose of this study is to examine the structure and educational outcomes of this integrated science and English education
program. This study investigates how language-integrated science learning and international experiences contribute to the
development of intercultural competence and scientific communication skills among high school students. By analyzing the
design and evaluation of the program, this research aims to provide insights into how regional universities can contribute to the

internationalization of science education and the development of globally minded scientific talent (Fig. 1).

« Scientific English instruction
» Life science lectures

* International research program Scientific

* Collaborative learning entrepreneurship

$

+ Scientific knowledge
* Intercultural competence
* Scientific communication

s_cien?ific
EGET L] ':gil;i't;y

Intercultural

Global scientific competence

Fig. 1 Integrated educational model for fostering global scientific competence.
The program integrates scientific English instruction, life science learning, and international engagement opportunities to develop

three core competencies: scientific knowledge, intercultural competence, and scientific communication skills.

II. Methods

1. Participants and Data Collection Period

This study targeted high school students who participated in Ehime University’s integrated science and English education
program between 2018 and 2024. The program was implemented as part of the Japan Science and Technology Agency (JST)
Global Science Campus initiative and its successor program, the Next-Generation Science and Technology Challenge Program.
Participants were selected through an application process designed to identify students with strong interest in science and
international learning.

Data used in this study were collected during the second phase of the program (2023—present), which included structured
scientific English instruction, specialized lectures in life sciences, and opportunities for international engagement. The participants
consisted of high school students from the Shikoku region who took part in these educational activities.

2. Program Design
The program was designed to foster globally competent scientific talent by integrating scientific English education with life
science leaming and international experiences. The curriculum adopted a two-tiered instructional structure to accommodate

differences in students’ English proficiency and scientific background.

Tier 1: Foundational Scientific English
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The first stage focused on developing foundational scientific English skills, including grammar, vocabulary, and reading
comprehension related to scientific topics. Online instructional materials were used to provide accessible learning opportunities
regardless of students’ geographic location. Through these activities, students became familiar with scientific terminology and

basic forms of communication in English (Fig. 2).

»  Foundational Language Skills
Focuses on basic grammar, vocabulary, and reading skills to build a solid scientific English foundation.

»  Accessible Online Instruction

Classes use online platforms to allow students to access leaming materials from any location.

> International Student Interaction
Interaction with international peers helps students acquire practical language skills naturally.

>  Flexible Educational Model

Tier 1 offers a flexible approach suitable for a wide range of students as a first step in science English.

&
\n"

SCIENCE

CAFE

INTERNATIONAL EDITION
JAPAN - MEXICO

M

Fig. 2 Example of online scientific English class (Tier 1)

Tier 2: Specialized Scientific English and Life Science Learning

The second stage introduced more advanced scientific learning through English-medium lectures and collaborative activities
(Fig. 3). A lecture on parasitology was conducted entirely in English and included group discussions, microscope-based
observation activities, and question-and-answer sessions. These activities were designed to encourage students to engage with
scientific content while simultaneously practicing communication in English.

In addition to classroom-based activities, the program provided opportunities for international engagement, such as participation
in overseas research programs and interaction with international researchers. These experiences aimed to create authentic contexts

for scientific communication and intercultural learning (Fig. 4).

»  Developing Advanced Language Skills

Focus on advanced scientific vocabulary, logical sentence structuring, and academic presentation techniques.

»  Practical Communication Training

Includes English discussions, research presentations, and peer-reviewed paper composition practice.

»  Preparing for Global Scientific Community
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Equips students with skills to present at international conferences and write English scientific papers confidently.

an adventure
with us!

" Ropm M1,Aidai MUSE; : Come on

; Please contact;
ssssss
EHIME UNIVERSITY @r‘&“ﬁﬂi&'&“ﬁ‘ﬂ& ey kato.aki.sq@ehime-u.ac.jp

Fig. 3 Flyer of the English-medium parasitology lecture used in Tier 2

Title: Parasitology
(Ehime University Scientific English Lecture}
Context:
Implemented as part of Ehime University’s internal program and JST “Global Human
Resource Development” initiative
Course Information:
® Lecture Time: 2 hours
® Language: English (all teaching materials and reports in English)
® Level: First-year Medical School Students, Ehime University
Content:
® Transmission pathways of parasites

Problems and challenges in malaria-endemic regions

Lecture Group work Discussion

Fig. 4 Structure and schedule of the parasitology class

3. Evaluation Method

To evaluate the educational outcomes of the program, rubric-based assessments were conducted focusing on the development
of intercultural competence and scientific communication skills. The evaluation criteria included intercultural understanding,
logical coherence in scientific explanation, clarity of expression, responsiveness during discussions, and communication ability
in English.

Participants’ performance was assessed based on their participation in discussions, presentations, and collaborative activities
conducted during the program. In addition, qualitative feedback from participants was collected to understand their perceptions

of the program and its impact on their motivation toward international scientific engagement.

I11. Results
The results indicate that participation in the integrated science and English education program contributed to improvements in
students’ intercultural competence and scientific communication skills. Rubric-based evaluations showed that students who
completed the program demonstrated higher scores in several categories, including intercultural understanding, logical
explanation, clarity of expression, and responsiveness during discussions.
In particular, the rubric assessment indicated that students who completed the program showed approximately 1.2 times higher
levels of intercultural adaptability (from rubric score 2.1 to 2.5) compared with their initial evaluations (Fig. 5).
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Qualitative feedback also suggested positive educational outcomes. Several students reported increased confidence in

communicating scientific ideas in English. Some participants noted that participation in English-medium lectures and discussions

contributed to improvements in their English listening abilities, including preparation for the EIKEN examination.

Furthermore, participation in international activities appeared to enhance students’ motivation toward global learning
opportunities. In 2024, eight high school students participated in an overseas research program at Indiana University, where they
attended lectures and presented their research findings in English (Table 1). Students submitted written reports after the

parasitology lecture. The reports were evaluated using a rubric assessing scientific understanding and English expression.

Student A
o (Scientific
Entrepreneurship)
y (Intercultural )
: B Scientific
adaptation) inquiry ability)
First Stage 7 Second Stage

Student B

a (Scientific
Entrepreneurship)

y (Intercultural B  (Scientific
adaptation) inquiry ability)
— First Stage Second Stage

Fig. 5 Changes in students’ intercultural adaptability based on rubric evaluation

Table 1 Evaluation results of parasitology report assignments

Q1. What is a parasite?

* Parasites is a creature that lives in other animals. They do host animal’s harm. However,
their selves can gain some k fits. Many p ites are di: d around the world.

* A parasite is an organism that lives on or in a host organism and gets its food at the
of its host. P ites drink blood or feed on skin from the host's body surface.
Endoparasites are active in the host's body.

* A creature that lives on the body surface or inside the body as a host for other creatures
and uses the host to survive.

* An animal that lives as a parasite on ancther animal for a period or for life, absorbing
from that animal.

Q4. Are parasites important?

* Yes, p ites are i

t. It's b play an important rele in ecosystem. For

Q2. Can you name some parasites of humans?

* Fleas, Flea eggs, Flea larvae, Flea pupae, Ticks, Mosquitoes, Sand flies, Mites, Lice
* There are about 200 types of human parasites in the world and about 100 in Japan.

* Caterpillars, tapeworms, fleas, lice, mites, Japanese lacertine striped worms, Japanese
blood sucking worms and Manson's blood sucking worms

* For example, Anisakis, Mosquito, Malaria.

Q3. Can parasites control the behaviour of their hosts?

le, they can control increasing dominant species. Then parasites make biological
diversity grow.

* Yes, they are. In some cases, the host and the p
interest.

ite have a ip of

* Yes. Not unimportant, as host-parasite symbiosis can occur.

* Yes, they're. They can pest control. If they don't exist, environment will change a lot.

Q5. Should we eliminate all parasites from the world?
= No, we shouldn't elimi all p It's b they give benefits to people and

* Yes, they can. Some parasites can control the behaviour of their host.
* Yes, they can. Cordyceps and hedgehogs, etc

* Yes, they can. Parasites that parasitism snails can move the snails to conspicuous areas
‘where they can be seen by birds. P that also make the mantis
move towards the water to get out of the mantis.

* Depends on the type. For example, hedge beetles. They parasitize mantis. So they can
control them. The mantis that was controlled jump into rivers and lakes. Because hedge
beetles return rivers and lakes to breed.

ity. 5o, | think that we should symbiosis with a variety of parasites.

* No, we shouldn't. Some
other creatures live comfartably.

such as malaria, while others help

* We should not. Parasites harmful to human that we have not discovered may have some
role to play in nature. Therefore, we think it is ¥ to take such as
to prevent infi and other di that are net harmful te humans.

* No, we should not. They have a role to pest control. In addition, they are useful for people.
For example, they contributing to medical care. Furthermore, they have become one of the

Assessment Item Average Score
Scientific understanding 82
Logical explanation &4

English expression 81

Overall score 83

endangered animals. We should protect them!
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IV. Discussion

The findings of this study suggest that integrating scientific English instruction with disciplinary science learning can contribute
to the development of global competence among high school students. The improvement observed in rubric-based evaluations
indicates that students developed greater confidence in communicating scientific ideas in English and interacting in international
learning environments. These results are consistent with previous studies emphasizing the importance of intercultural competence
as a key outcome of internationalized education (Deardorft, 2006).
From the perspective of science education, the program demonstrates how language-integrated science learning can support
students’ participation in authentic scientific practices. Science learning is not limited to the acquisition of conceptual knowledge
but also involves participation in scientific discourse and communication practices within scientific communities (Lemke, 1990;
Mortimer & Scott, 2003). In the present program, students engaged in English-medium lectures, group discussions, and
presentations, which provided opportunities to experience forms of communication like those used in international scientific
contexts.

The results also support previous discussions on interdisciplinary STEM education that emphasize the integration of scientific
knowledge with communication skills and global perspectives (Bybee, 2013). By combining scientific English instruction with
life science learning and international experiences, the program created a learning environment that connected disciplinary
knowledge with global scientific communication.

Another important implication concerns the role of regional universities in promoting global science education. International
education initiatives are often concentrated in large metropolitan universities; however, this study suggests that regional
universities can also function as effective hubs for global science education. Through collaboration with international researchers
and overseas institutions, regional universities can provide students with opportunities to engage in global scientific leamning
environments.

Nevertheless, several limitations should be noted. The present study focused on participants in a specific educational program,
and the sample size was relatively limited. Future research should examine the long-term impact of such programs on students’
academic development and career trajectories in science. In addition, further studies could explore how language-integrated

science education models can be adapted to different educational contexts and disciplines

V. Conclusion
This study examined the educational impact of an integrated science and English education program implemented at a regional
university. The findings suggest that combining scientific English instruction, life science learning, and international experiences
can effectively support the development of intercultural competence and scientific communication skills among high school
students. The results highlight the potential role of regional universities as important hubs for global science education. Future
research should further explore the long-term impact of such programs and refine educational models that connect local science

education with global scientific communities.
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%2 Bt 28 2 0 0 0
ks £ aPRT 4 o 7RG OREE 3
= WEiE | pl s
#38 [OB-0G & LGNS LIV 2 DY ) 1211 003 3358
.- ST 796 253 2217
Sl | 2mLr< | Db SE (Hlsh) 4 998 380 2713
A i
51 BT 3 7 19 Hosmer-Lemeshow DG ERE @ p<.001
52 B A% 21 1 8 ]
3 L4 TURT 4 v I ERHTORE 4
HEEME p i EiF R
V. B B eI 379 420 1461
% 17 THEIERYEV =7 By y—fRacsm | 9B 8 2659
LT BRI o & B U 5 A0k ASE o[ iz -1.044 370 3521 X 10
HRARLE. CORRLMOMARLE OBRE | 2 2272 019 9.695
FRIAT 27D 0 O RT 4 v 7 ERAHT % 2 L iR - 435 698 6.476X10™!
-0, RSBz oT, F1TOMIIERELES) G 14.671 94 235410°
B, THLSE 0 L2 2OAFREL RALT | BEIE 187 840 1.206
HIOZEsE Ui, 2SS s LA Lodlisssi | 7o iRk
IZONT b FREDER 21T~ 7. BB L LT DIHH]
ASHI=OW, 39 TR DR, %40 TIHHI Hosmer-Lemestow DIEIAEHTE : p= 956
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K43 vPRT A v ZEIFGHTORE 5

HEEfE pfE e N1
)ay 1.094 .003 2.985
HERRATSE 279 T79 1.322
TR OUERE A 2.207 .080 9.090
2,
Hosmer-Lemeshow DG EEMIE : p=.596

ENTHER D, RK39D [BEx 57, FK400 TF
FEL, F2 o THE ORIFREOHEEE 5%/K
WCTHETHD., Tz, K400 THRED & TNE
Bl , £330 NFEROMERAL] 2 10%KETHR
Thd, ZOMITFERND, RERECTORBRC X
ST B2 »wEEh, [TBREL & B8
& TANAER BDRELSEDY, KEEATOREN
THRL ) OWBDOFBRICENTD,  TEEROUER AL
(R LT 2 L3, REREMIKRT B ORE
A EDT- L E R HRD.

V. BhYIc

ARETIL 2022 DD 2024 AEEETHNT CTOEEKR
FamT RO B —HRRENE | B E RSl L
TEEMToTBREORR AR L. ZLT, H
2 B E A LT-0sE 9 DN K AIRVE OB o A
ST L, AR BT A EIEHRER & o B R oola]
EAER & DBRIEZ 3T LT-

A ORERD G, 55 2 B2 U7 [BIEE 13
BEEAT THHEIT 270 3E £ L& T AR5
<, KRB TORBPERAEEENSNTND
LI U DR, FERAER L R B9
HERR AT BICAR B BN A 5.2 12 L& U Dm0
<, AFMEAD OB - 0G & L CIRE) L7\ MEEAS
BV, EWVD T EAVRIBIN. EBEORRED
5, ABERETORBRICE->T B2 NE£N,
TEREL & TR & TAEBL BRE<EDY,
KRB TORERDS [FERL OB ORI D,
DRSO (BT 2 &2, AERENT
T DEEH ORETHI 2 m DI Z LR ST,
ARRDIAB D 2 B EE ORI LD &
T .

32

P

NIRAE (2025:96) ZZHR.
TSI RE DRERAE T D 1= O BIERFHEF
I REEE E SO E =T, 2026 4E 1 H 26
A CAGE STz (R7-64) .

ARG R ODRLR & FRHTICIZ R 2RI L7z,

B« 18] - AR - - ST (2023) 2SR
ZOTEFITIL + 18] - HOAR - 0 - N2 (2023) 0

T O S ERRICBIT 2 o L [F—Th

2.

6) FHAHENTORE R A KL T DB T A2 D T
Bl R 3frEcoFKatd Lz, F£72, APA R¥
A NATHERL LT,

(7) EHBA - W55 - BREVA (2022:207-208, 212-
213) &M,

(®) bt - SSRGS - $aA%EZ ([2018]2023:262-

284) HZH.

@

€)
Q)
®)

e
AR EPET DOV BRNFEY 2 =T 7 4
—ERRED IR E ST TS,

3CER

SEHEA - [ 50 - AN (2022) : 2805 - LEELRIT
FDTZODRIZE DT =53, FOUXE.

Nt - SR - $aAHEZ ([2018]2023) : RIZ K
DELEMTAM, A — Lt

NIBRAE (2025) @ 2024 FFEERTrd UWIER D FENEIR
L&A DITE—PR « SCROBEFUZ & B o370
BRI VA NEREDI L T—, BFEENEE
H—RCEE, Vol4, 96-103.

PR - [ASFRT « HA « DIALESE - SE)TASEF- (2023)
BIRKRFY 2 =7 N7 2 —BRBOBERN R
T OMFEE T AE~DOBIRIEOR 2 T, B
FHEWITE R, Vol2, 23-30.

R Core Team (2024). R: A Language and Environment for
Statistical Computing. R Foundation for Statistical

Austria.  <https://www.R-

Computing,  Vienna,

project.org/>.
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~% 8 & 8-5, 8-6, 8-7, 8-8, 8-9~
Modern solutions for problems in “Zatsudai” by Sahei Onishi

JFAtE s <L O EFZ 2
HARAMOTO Hiroshi*!, ABE Toshiyuki*?
A BIRRFE T — R A L AL R —

2 R
*ICenter for Data Science, Ehime University
*2Faculty of Education, Ehime University

[EH] : BRRONBAFAPEIEOMRE L7z THEED 230805, B 8 BORPITOWTHNT 5.

[¥—7—F] : fI5 (Wasan, Japanese Mathematics), 2 X/ &3 (Quadoratic Equations), HE4(BE% & xf
BE% (Exponential functions and logarithmic functions), #HEl (Similarity), #&F (Elliptic curves),
FHCFEH (Complex plane), Bk (Spheres), ##&IF%% (Themed Research)

1 IC®IC

INET, Ktk EomE L THEE) oMED S
5 8§ BORTEITITOWT (HiRft, 2023) 2B
TR U 7223, RFSCTIEES 8 Bk EofEicon
TR S 5. Kt ik QMBI DOV T, (iR,
2023) BV EE W, F i, 5lEHEE, RILKIC
XhFroonBR (TR, 2019) ZHW .
SlEHR S M OWT ISR T 5. 85 5 I, £
NS 2 RET D % 23, HEFEIICE S FTIED AT
Hol=7=0, BARNREEEHWCHHLZ. 5 6 [
X, AIETRAF SN AREHWSETHS. 5 7
R, OB BT A2METH 2. BZITHD
MECRE TS, SRETOHMTERARETDH 277,
Gam7 R 2 OB LMD IER (MR E T 5 72
72, Z L OMEZREI v ¥ ko7 8 S ML, W15
BAMNC DR T TE DD, T I TIFEFBREH
WCREE 5 2 7. 5 9 MMM ORETH 205, 12
DT 25| EDRXLEEZ 5 Z 2T, MoMEI
IRET DL TR 2N TE S, 2T, /NERAE
DEFEEOIREFEAROMEZEAL .
KT - 2RI O WTIE, BIRBORE LT
WL, FIERIZOWTIE, BIRRIEMRRERIRIC
BWT, ARBEREAENGEHI N, 8 7 IiconT
WX, 8 54 EIEEMBEMARICBWT, RifffEx b i
HRLUT. SED, B T dOLRBRERFEE L T
Wh. GV WER S Z 4D 5 e Bbdh, I

33

I Z /=00
AR, BELL D 2025 F 7 AicTHiEx Tz, M
MBI TET. CEEEBIIOBAEL LT ET.

2 IMAEORESR (B3%E)

Z O, BR (KL, 2019) B s ME, &
Z, WXz U, 20BN OFER, fEIDoWn
TG, BEFICOWTIE, BIEL2b D ERZT, #
JEIAE IERE PR 2 F54 L 72

DTHRFEEZETHOEREZR T DL T 5. £/3
BY 7 b LT Maxima ZfHW, #lEY 7 b2 LT
¥ GeoGebra % 7=,

2.1 FEIEFESM

FIRE 1. (F7E 8-5)

(X)) &, RAEIEHNT H 5. ZOHEHED
92.224 ~2, BIDH 33.616 ~F, FLDF 12.203125
NLHRES, B L FohE kb, XEBS, iR
1 TN BB E, BRABOREZIZNL 520,

(BZ)H1: K10, B 4T

%2 K8, M 3.

%3 K64, 5 225,

%4 K512, ¥ 1.6875 ).

%5 &4.096 5, B 1.265625 ~F.

(fiis2) fEL
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(BE). 1l DHORABORDOEX % 2, FlUOE
Sy 35 XRRAVOMNEERD r, il s
0<r<s<l)tl, BRAOKNZ A, FADKMNZ
B, HfEO#HZ S tB<.
G, kHORTEPER AT T 5L,
c(l+r+r2 -4 =4,
y(l+s+s+-+s1) =
zy(L+ (rs) + (rs)” + -+ (rs)*71) =

DD ILD,

A
B
S

1—rMz=(1-rA=a, (2.1
(1-s")y=01-s)B=:5, (2.2)
(1—(rs))aey=(1—-rs)S =17 (2.3
eRIND. (2.1)(23) &b, rkr =z — a, sky =
y—B, (rs)fry=2y—0 £85DT, (z—a)(y—B) =
zy—o BHELN, THEEML 7, StE=1+ 71
(2.1), (2.2) ZIRAL T,
1 1 o

T 1o Ta
BELNE. ZZT,r>s &b,

1 <1 1+0 < 1

1—sk 72 of 1—rk

b, WlEE DRI,

r _o—af k
e T (2.4)
DD DT e 33,

Z DR EI R VB, T =4 5= 2

< _ 33616 1 _ 12203125
D, r>sTHb. 2L T, A=350, B= 24512,

§=29284 ThEbh T:= ‘;;Z? = HIT 31850
5. 2ZC, T—s* " —T % ET3L, k<5 TH
AU, T—-5s<0,k>5Thh, rF-T <0 2%k

5. MoT, k=5 DROBERTHEN, k=50 &,

1 1 P 417459
1% " 1—s 1-T 149171
LD, BT BHIENHERRTES. (21), (22) &b,
r =10,y =4 PELN, (BX) HELN. 0

AR 1.1. JFECB VT, KoM 32.616 - F & H 5
M, BEZCH B EADOFNZ
1—(4)°
10 (54)
1-3
TH5DT, EMICIFRIEICH 2B THS.

= 33.616

2.2 FEIEFEGH

PEEE 2. (I 8-6)

(FBIBEE) 5, B 1 0 X512, BA=AHNCEI
MEAns. AES, T, XE5, BETL LT,
HHERE2HERS .

1. f& 8-6 DIELE

(EZ) fE (i) oaiL.
(h>2) HNTHRIEKRD 5 .
B+ K — 5% = T,

3K — (/8(3% — IR) 1% + &) _ %
it + 5%

95,

P x JEs% = Z R,
2P x JA% = PRI,

BR, ZOLCLTHEMAERES. X, 2(1- A
) B+ JFE) = 3%, BFEE x JHE =% L,
F = THR

FRIE x % = A
I x JE% = SR,

B, [ L C&HERES.

(%), PRt CHEOH (%) 2RI, FHH
FERETFHFRICSERZHED IR LENT 2 2 2T, BPE
ERDBLZEWTES.

2 DXSIZ, B, |, L ZENEN a,bc EBE,
HHoHILE O, FE%E R, ZMHOHLE P, FE% r
35 LT, a® +02 = 3D R W3,

HH, cHeko#RzZhZE M, N 55, X
CHIBRTWB LS,

b—
R= % (2.5)



2. [H7E 8-6 DRIEDELE

TH%. K2 AAOM ¥ AAPN ZHEEITH D, 2D
L

WRODDLERTH 5.
4 AM =b— R T®»YH, MN = 2/Rr %20DT,
AN=b—-R—-2VRr TH5%. {t-T,

AN  b—-R-2VRr 1 2R
T=-—= =1-
b—R

“AM bR ve (26)

PREOEND. ZIT, ;1 (25) BRAL, a+b+c
ENRATICNT I EICED, ;B = 1 pfEen

5. 5T, o 2 XARR Vo' + 2Lz —1=0
Wiz 3. Vz ik, ZOHBERDIEDREDT,

—a++/2¢(b+¢)
b+c

TH5. WoT, Wid%k 2L T, a®> = (c—b)(c+b)
ZRATHUL,

VT =

3c—b—+/8c(c—10)
xr =
b+c
LD, MIXDERZ[S.
BRRICFHOFEE s, THERO#ERZ K £ Th
12, NK + KM = NM 0T, 2,/57 + 2VsR = 2VRr
Ths. Wz R THIIUL,

J20F+=vE

£oT,
R+ Var 0
#18%. ZZT, (26) &b,
_ (1=2)(b—-R)
ve= 2R
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b,

(14+Vz)2=1+z+2Vx
ISR
2Rz +(1—x)b
B R

#1585, UEXD, Re=r ICEZXHZ 2L,
95 = (2R)(2r)
2((1 — 2)b + 2r)
i, MiXoR»Esh5. O

FE 2.1. YR 5RO 2721 THIUTEE 3700
M, KD HEH, HEHET 27K
EDDLEELWHETH 5. EA=MIEDOILICET 2
K4 2B BN, MR OBEMIK 2K C S+ 5 MiE
TH5.

2.3 EIBFETMH

RO%E 3. (MR 8-7)

(FREX) 4, K3 D k52, KERNIC 9 5kE B
(FER 4 I EVICEE L, NERDFRIL. B, IERIEAER
WCEBEL, ZERIZHE L), BIBREE 30 ~F, ZBkE 15
SF, EERER 12 5Tk & RERERIT WL B,

3. [ 8-7 DALE

(B Z) KEREE 85 .
(his2) FBREE + PIEREE = K (BUF, BREZEO 2 72 0%
7).
2K x & — (2 4+ H?) = #y,
(R-4)Z-HxKH=A.
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(V21 x & —i:ﬂ}\ +A)X9€+Z,zj(ﬂ?ﬁé.

COWRZEL 72012, £ FROME L HERT 2.
8 2.1. a,beR, a>b>0ITHL,

f(z) = \/m2+2ax—a2+\/m2+2bx—b2,
g(z) = Va2 + 2bx — b2 — /22 + 2ax — a2

YEDD. T

A=V2+4+1, roi=-Xa, m=\"la

&L, I™ = (—o0,r_q], IT =[r,+00) £F5. 2D
EERDED LD,

(1) (i) BE&L flx) & I~ THIRA, 1T CHEFAM
72ER R T H 5.
(ii) BEEK g(x) W& I— CHFEM, I+ CHFRHD
7258 R T H 5 .
(2) () re It zxL, flx) = f(r) DEIB 2D
DFERR " b OB+ 4R,
r>r rg = Aa— ba
> T3, 3 N1 b

TH%.

(i) o<aDrZE, relt ITXL, g(z) = f(r)
MEER " b OREA RN,

a?+b?

2(a+b)

ThHY, ZORE I~ 271 2FET 3.

(iii) \o>a DEE, re It ITHL, g(z) = f(r)
MEBRZ b O 7R,

ro <1 <Tr3 T

r<r<r3
THY, ZOME I~ 27 1 2EFET 3.

(3) (2) (i) @ f(z) = f(r) D © =r DINOER,
(2) (ii)-(iii) @ g(z) = f(r) DFRIZ, WThd

(a+b) (7«2 — (a+b)r +ab— d(r))
2(a+b)r — a2 — b2 ’
d(r) = (r* + 2ar — a®)(r* + 2br — b?)

+

(2.8)
TH5.

36

SEDDIZ, By = f(z) DT 7 (FEfR) &
y=g(xr) D777 (R 2IRT 3 (X 4)

50

X 4. a=30b=120 =0y = f(z) DF57 (EH) ¢
y=g(z) DFT 7 (BHR)

(EH).

A(z) = 2® + 2ax — a®, B(z) = 2° 4 2bx — b2

EBLa>b &0, By = f(z) = \/A(x)+/B(z)
KUy =g(z) = /B(x) — /A(x) 1&, A(z) > 0 DE
HLHF, oFEh I- Ul TERENS.

(1) (i)-(ii) B¥WD L, ZOrFE 2R3 52 LT, it
BICX 5. FHMZERET 225, a = 30, b = 12 DFEX
4 THMERTE S, £,

lim g¢(z)

rz—+o0
~ lim (b—a)2z+ (a+1D))
a—too /22 4+ 2ax — a2 + Va2 + 2bx — b2
— lim (b—a)(£2t+ (a+ 1))
t=00 \/t2 £ 2at — a2 + /12 £ 2bt — b2
=F(a—0b)

THEDT,y=a—-bd y=g(x), vl DL
THY, y=—(a—0b) D y=gx), z eI DML
THEIehbhrs.

2)

f(ro1) = g(r-1) = VB(=Aa) = V/(a = b)(Aa + b),
f(r1) = g(r1) = VB(A\~a) = V/(a— 0)(A2a + )

TH%. 757 (K4) &Y, y=kiZ (1) k> f(r_q1)
DrxE ity = f(z) L 2HTEDLY, (i) a—b<
E<f(roy) THIUL, y=f(z) ML y=g(z) & 15
IO, ¥ iFy=g(r) £ 2HTRDS.




CORMEDFRICBWTE, r e ITITHL, y = f(2)
Cy=fr) PR d 1 HNTRDLIGEEEZEZT
W3 y=f(z) B y=f(r_1) & 2 RATRDIGE,

fl@)=flro) Dax=r_y &I —DD% v =r;
3,
_Aa—b
"= /\aera

THBHIEBRTHERT S, ZL T, r>r3 DL E,
f(z)=f(r) DfRE x =r DIINC T 12 1 DFFET .
y:kiﬁy:f( )y =g(z) L 1RFTOTRDS
/J‘LH:(RN’E"ET%D f(r1) & a—boDAR/N

B%éc; £ o T, K»ZE

(A 2a+b) — (a—Db) =221 (\b —a)
b, MED (2) (i) D/A, f(r1) <a—bTHH, H

My=f(r) Zy=g(x) OWAR y=a—-b &FL

WHOEIITHICHEZepbrd. Bty =a—>
3, RCHERT 2 X510, 0 =y = §250 DL EE,
y=f(z) EXb%. ZOLE,
A72(\b — a)?
— = >
T2 T1 2(a+b> _0

THEDT,rg <r<r3 WL, y=fr) &I 1cH
WTy=f(z) £XbD, I ZBWTy=g(z) &X
bbb ehbh s

wIRIZ, (2) (i) OHBE, B v = f(r)) (SEHLR
y=a—bDEFIIHZDT, ri <r <rz3 XL, I™
WKBWTC,y=f(r) & y=g(x) F1RHTRbSZ L
iRy VIRE)

(B)y > a—bicL, ity = f(z), y = g(z) 2f&
. 2o 220/ER y—/B(z) = ivﬁ‘*wﬁﬂ%
2L THIHT 5L, 2y\/B(2) = y>—2(a—b)z+a—b
MELND. oML Z 23R LT, BHTE, 2 D
Jites

12 — (a - ))a?
-+ (a—0)*) (Y

215%.

y = f(r), r € IT 1I2oWT, FERX (2.9) ¥&E4
QDR ERD. 2D 1O0F v =r THZDT
y>a—bDHEHETIX, 5 12Dz Hy= f(x) ¥
72iE, y =g(z) O LTHELNS L

HMERED y(# +(a — b)) XL, (2.9) FHE%R 3 2 DOEHRE
Hicho, 2hdAER (2.9) 25, y = f(z), y = g(z) UMD,

2 )2y
+4(a+b)(y* + (a b))(zm
+(a+b)%) =

37
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Gor=rLADES 1O0%E z=s(r)(el) &
BIHZ, R RBOBRID,
f(r)? +
flr)? =
Y723, B, d(r) = A(r)B(r) L 5%, 5 2 HONE
BTFAC A(r) + B(r) — (a—b)2 — 2/d(r) &o\F, G
ftFdzrickh,

(a—b)?

s(r) = (a—b)?

—r—(a+b) (2.10)

r?2 —(a
2(a +

+b)r+ab—
b)r —a? — b?
(2.11)

d(r)

s(r)y=—-r+(a+1b)

PEHNS.

—/T,y=a—-bDr %, HEX (2.9) DI z =ry
BB OIS, (2) (i) DEETIE, y—a—b ¥
y=f(z),z € IT M (rg,a—b) ITBVWTKDD  r <ry
DHIPFTIE, f(r) <a—b ¥7227D, f(z)= f(r)
r=r DAERERD, g(r) = f(r) FREFIRN T
ERbhE. Fl,r=r_1 DL E, d(r 1)=0TdH3
DT, (2.11) &b, rg=s(r_q) = /\a+ba PELNS.

RRIZ, relt, f(r)y>a—bD& % x=s(r) D,
2) ()-(ifi) OBHEH ST, f(2) = f(r) R
g(z) = f(r) DETH 2 Z L 2R T 5. 7272, FHHEIE
FEWWEHTH2DT, ZZTRERDARIERT 5.
F3, Maxima W EZHEICL - T,

BRSNS, T IZT, hr), k(r) W XEEK
h(z) = 2(2® 4 2bx — a®)\/A(x)
+2(z? + (a + b)x + ab — 2a*)\/B(z)
k(z) = 2(x? + 2az — b%)\/B(x)
+2(z? + (a + b)x + ab — 2b*)\/A(x)
Dx=r COETHZ. ZOLE,
2(h(r) + k(r)) = f(r)(f(r)* = (a=1)*)  (2.14)
DK DALD. fE- T, r e IT XL, h(r), k(r) DS
PHEERTIUI XV, FF, 1% 4+ 2ar — 1% = A(r) +a® -

V¥>0TH3. £,y =22+ (a+b)z+ab—2b> DT

y=—f(z),y=—g(z) TOHILT205TH%. 2FEhHZDHE
ROMH S, EHIC y = f(z) £i2F y = g(x) DfEPBELIZ L
FRSZW. L2L y>a—bDFHFEDD T, 2 =r LSO
X,y = f(z) $2F y = g(x) &z,
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773 TRNT, o= -4 <0 RICHERZR>DT,
It CHIAEIMTHY, 2 =r THR/MEER LS. ZLTC,
a>bRDT, rel ML, r*+(a+b)r+ab—2b >
r24+2br; — b2 =B(r)) >0 TH52. > T, k(r) >0
TH%. Fic /B(s(r))(f(r)? — (a—b)?) = 2k(r) T
bH3.

LIF, h(z), z € It DFFBIZOVWTEZS. £7,
22 4+2bz—a?, 2%+ (a+b)r+ab—2a?, \/A(x), \/B(x)
2T I CTHFAMTH 2D T, h(z) 1 I _EHFHE
FEILERRIETH 5.

HERX h(z) =0 &2 2 e IT 1% HEX (2.12)
D, A(s(z)) = 0 Zili/7=3 DT, s(x) € I~ &b,
s(x) =r_1 TH2. oT,o0=r3 THDIDbh
3. h(z) F eIt TBOVT o =r3 DAEEIFEE
O, T AREL 2 1TRL, h(z) >0 THBDT, h(z)
BHFEMTH 2 225, v > r3 7256 h(z) > 0,
z<r3 BB h(z) <0 THdIehbhrs. toT,

ohr) = | VASTDUOP = (a=0)%) v,
—A(s()(f(r)* = (@a=0)%) r<r;
TH3. LEXD,
oh(r) 4 2k(r) — L TEONFE = (@=b) 2 ms,
g(s(r)(f(r)? = (a=1b)*) r<r;
MEHN, (2.14) &b,
f(s(r)) = f(r) r=ms,
g(s(r)) = f(r) r<rs
M D IO L DbH 3. O

(FRE 3 DFRE). KEROHL%E Oy & L, ZMDHIL
% Q¢ &5 5. Fidlh ¢ ZHIROHL O, HOHUL
O ZEL XD 5. HIER, WEKIEE ¢ 12B93 % 90°
EEECEES NS XS WCEBEINTVWS. BHIZ, 120D
FHOFLE, 1 DORMOHULK T ¢ 1XF—FH
L2z RELTH LWV, 2Dk &, ZOFHETYIW
L7KBIER 5 D& 51 5.

REK, HHEK, HEK, ZERDYFE% R, a,b,r 2T 5. F
72 a>bETS. 4 DDOHER (FER) OFLEE
ZFMEEH e DREE My (M) 2358, K6 D
X211k s. OM; = V2a, OoMy = V20 THD,

38
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Validation of prediction probability of an occurrence of stroke using recurrent neural network model
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