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NANY 2 UM9 wazluvEunInIwIaLEn 8 urla liamansnduunanuuandsvaslastulouweald nuwsadumiied
gasuaslolnd fio 2n (22) = L7 + L™ + M" + M7 + S,

adan:  laslulow uadlaind nuwpwdumile oaln

Abstract

This study analyzed the karyotype and idiogram of Taylor's stream frog (Limnonectes taylori) collected from Chiang
Mai Province in Northern Thailand. A mitotic chromosome preparation from bone marrow was obtained by direct
method. Chromosomes were stained by conventional staining technique with 20% Giemsa solution in order to examine
diploid number, shape and size. The result showed that the diploid number (2n) of Limnonectes taylori was 22, the
fundamental number (NF) was 44 both male and female. The type of chromosomes were 8 large metacentrics, 2
large submetacentrics, 2 medium metacentrics, 2 medium submetacentrics and 8 small metacentrics. No cytologically
distinguishable sex chromosome was observed. The karyotype formula of L. faylori is as follows: 2n (22) = L’“8+ LS"‘2
+ M’“2+ Ms’"2+ Sm&

Keywords: Chromosome, Karyotype, Limnonectes taylori, Chiang Mai
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in Chiang Mai, Thailand

Table 1 Review of cytogenetic reports in the genus Limnonectes

Species (2n) Fundamental number (NF) Karyotype Reference
Limnonectes taylori 22 44 16m+6sm Phimphan and Aiumsumang®
L. blythii 24 48 10m+12sm+2st T UazdInae’

L. modestus 24 44 20m+4t Nasaruddin et al.”
L. gruniens 24 48 24m Nasaruddin et al.”
L. kuhlii 22 44 8m+14sm Supaprom®
L. pileatus 26 52 16m+10sm Supaprom®
26 52 16m+10sm Supaprom and Baimai®

Remarks: m, metacentric; sm, submetacentric; st, subtelocentric; t, telocentric
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Figure 2 Metaphase chromosome plates and karyotypes of male (A) and female (B) Limnonectes taylori,

2n=22, by conventional staining technique
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Figure 3 Idiogram of Limnectes taylori, 2n=22, by conventional staining technique

Table2 Mean length of the short arm chromosome (Ls), long arm chromosome (LI), total arm chromosome
(LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of RL, Cl from metaphase
chromosome in 20 cells of male and female Limnonectes taylori, 2n=22

Pair Ls LI LT RL£SD ClzSD Size Type
1 3.174 3.736 6.910 0.147+0.005 0.541+0.016 Large Metacentric
2 2.471 3.419 5.890 0.125+0.008 0.581+0.022 Large Metacentric
3 2.054 3.284 5.338 0.11440.004 0.615+0.017 Large Submetacentric
4 2.055 3.022 5.077 0.108+0.004 0.595+0.021 Large Metacentric
5 1.921 2.817 4.737 0.101+£0.005 0.595+0.019 Large Metacentric
6 1.814 2.568 4.381 0.093+0.004 0.587+0.029 Medium Metacentric
7 1.561 2.463 4.024 0.086+0.006 0.613+0.020 Medium Submetacentric
8 1.426 1.860 3.304 0.0700.004 0.569+0.036 Small Metacentric
9 1.248 1.614 2.864 0.061+0.005 0.565+0.035 Small Metacentric
10 1.053 1.322 2.375 0.050+0.004 0.559+0.045 Small Metacentric
11 0.914 1.143 2.057 0.044+0.004 0.557+0.054 Small Metacentric
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Abstract

The aim of this work is to introduce the notion of fuzzy weak hyper filters in hyper BE-algebras and investigate some
of their properties. This research shows that the set of all fuzzy weak hyper filters of hyper BE-algebras is a distributive
complete lattice. Also, the concepts of Noetherian hyper BE-algebras and Artinian hyper BE-algebras are characterized

by their fuzzy weak hyper filters.
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Introduction

The fuzzy set was introduced by Zadeh' as a function
from a nonempty set X to the unit interval [0,1]. Later,
many researchers have discussed the generalizations of
the concepts of fuzzy sets with applications in computing,
logic and many ramifications of pure and applied
mathematics. Kim and Kim® introduced the notion of
BE-algebras, as a generalization of BCK-algebras® and
BCl-algebras®. In 2010, the concept of fuzzy ideals in
BE-algebras was introduced and some of its properties
were investigated by Song, Jun and Lee’. Then, Dymek
and Walendziak® studied and characterized the concept

of fuzzy filters in BE-algebras.

The hyperstructure theory was introduced by
Marty” in 1934 as a generalization of ordinary algebraic
structures. Radfar, Rezaei and Borumand Saeid® applied
the hyper theory to introduce the notion of hyper
BE-algebras, as a generalization of BE-algebras. In 2015,
Cheng and Xin® investigated some types of hyper fiters

on hyper BE-algebras.

In this work, the concept of fuzzy weak hyper
filters of hyper BE-algebras is introduced, and its properties
are considered. Finally, the concepts of Noetherian
hyper BE-algebras and Artinian hyper BE-algebras are

characterized by their fuzzy weak hyper filters.

Preliminaries

Let X be a nonempty set. The mapping o, X x
X—P*(X), where P*(X) denotes the set of all nonempty
subsets of H, is called a hyperoperation'®™ on H. The
hyperstructure (H,o) is called a hypergroupoid. Let A and
B be any two nonempty subsets of H and x € H. Then,

we denote

AoB =
a€A,beB
Aox=Ao{x}andxo B = {x}oB.

aob,

Let H be a nonempty set and o: X x X—>P*(X)
be a hyperoperation. Then (H,0,1) is called a hyper

BE-algebra’ if it satisfies the following axioms:

(Yx<landx<x;

(i) xo(yoz)=yo(xoz);
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(i) x € 1 ox;

(iv) I <ximpliesx =1

for all x, y, z € H, where the relation “<” is defined
by x<y if and only if / € x 0 y.

Example 2.1° Define the hyperoperation “o” on
R as follows:

v (O} if x=1;
xey {]R otherwise.

Then, (Ro.1) is a hyper BE-algebra.

Example 2.2° Let X = {1,a,b}. Define the hyperoperation

0" on as follows:

o) | 1 a b
1 {1} {a} {b}
a {1.,a} {l,a,b} {1,a}
b {1l,a,b} {a} {1,a,b}

Then, (H,0,1) is a hyper BE-algebra.

Let F be a nonempty subset of a hyper
BE-algebra H and I € F. Then F is called:

(i) a weak hyper filter’ of H if x oyc Fand xeF,
then yeF, for all x,y € F;

(i) a hyper filter” of H if x oy ~ F and xeF, then
yeF, where x oy » F means that x oy N F#O, for all x,y
€ H.

Note that every hyper filter of a hyper BE-algebra
H is a weak hyper filter of H, but the converse is not true
in general®. In this paper, we will focus on weak hyper

filters of hyper BE-algebras.

Lemma 2.3 If {F: iel} is a chain of a family of
weak hyper fiters of a hyper BE-algebra H, then U,F, is

also a weak hyper filter of H.

Proof. Let UF, Clearly, I1eF. Let x,y € H such
thatxoyc Fand xeF. Thenxoyc F, and xeF, for some
i,jel. Assume that F,c FJ It follows that x oy FJ. and
xeF].. Since FJ, is a weak hyper fiter of H, we have y €

Fjg F. Hence, F is a weak hyper filter of H.

A fuzzy sef' of a nonempty set X is a mapping
W X — [0,1]. Then, the set U(u,;o)={xeX:pu(x)=a} is
called a level subset of . where a.€[0,/]. Let [L and v be

any two fuzzy sets of a nonempty set X. Then ncv, means
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that p(x)<v(x), for all xeX. In addition, the intersection
and the union of p and v, denoted by unv and puv,
respectively, are defined by letting xeX, (unv)

()=min{p(x), v(x)} and (Lov)(x)=max{u(x), v(x)}.

Results

In this section, we introduce the notion of fuzzy
weak hyper filters of hyper BE-algebras, and we investigate
some fundamental properties of fuzzy weak hyper filters

in hyper BE-algebras.

Definition 3.1 A fuzzy set 1 of a hyper BE-algebra
H is called a fuzzy weak hyper filter of H if it satisfies the
following conditions:

(i) u(1) = p(x);

(if) p(x) = min{inf (z), u(y)};
for all x,y € H.

Example 3.2 Let H={/,a,b} be a set with a hyperoperar-

tion “o” on defined as follows:

o 1 a b

1 {1} {a,b} {b}
a {]} {],Cl} {])b}
b {1} {1,ab} {1}

Then, is a hyper BE-algebra®. We define a fuzzy
set LL of H by u(a)< u(b)=< p(1). By routine computations,

we have that p is a fuzzy weak hyper filter of H.

Theorem 3.3 Let be a fuzzy set of a hyper BE-
algebra H. Then p is a fuzzy weak hyper filter of H if and
only if its nonempty level subset U(u,;a)={xeH:u(x)=a}

is a weak hyper filter of for all a€[0,1].

Proof. Assume that 1 is a fuzzy weak hyper filter
of H. Let a€[0,1] such that U(u,;a)=J. Then there exists
x,€ U(u;a) such that u(x )=a. Since u()=u(x)), 1€ U(n;a).
Let x,yeH such that x oy < U(u;a) and xe U(i;a). Then
W(z)=a, for all zex oy. Thus, p(y) = min{igf W(z), ux)y=a,
thatis, ye U(u;a). Hence, U(u;a) is a wéak hyper filter of
H.

Conversely, suppose that p(/)=p(x,)=p for some
x,eH and Bel0,1] . Then U(u;B)=Y, and so U(u,p) is
a weak hyper filter of H. It follows that /e U(u,B), which
implies that p(/)=p. This is a contradiction. Thus, p(Z)=p(x),
for all xeH. Suppose that p(a) < min{i_gf w@), pb)}
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for some a,beH. Letting a = l(u(at) + min{ inf u(z),
Z€Eboa

u}). 2

We have p(a)<a<min{inf u(z), p(b)}= inf n(z)
and o<p(b). Then boa < U(n; ) ahd beU(u;a). Sihce isa
weak hyper filter of H, we have ae U(u;a), that is, p(a)=o.
This is a contradiction. We obtain that u(a)zmin{@g‘f wz),
wb)} for all a,beH. Therefore, p is a fuzzy weak hyper
filter of H.

Corollary 3.4 If p is a fuzzy weak hyper filter of
a hyper BE-algebra H, then the set H ={xe H:(x)= w(a)}

is a weak hyper filter of H for all aeH.

Corollary 3.5 If p is a fuzzy weak hyper filter of
a hyper BE-algebra H, then the set Huz{er:u(x)z w()}
is a weak hyper filter of H.

Theorem 3.6 Let F,c F,c---F c... be a
strictly ascending chain of weak hyper filters of a hyper
BE-algebra H and {¢ } be a strictly decreasing sequence
in [0,1]. Let n be a fuzzy set of H, defined by p(x)=

x & F,

{0 if for each n € N;
tn if Xx€F,—Fy_4

forn=1,2,..;
for all xeH, where F,=J. Then p is a fuzzy weak hyper
filter of H.

Proof. Let F= UNFn By Lemma 2.3, F'is a weak
hyper filter of H. Then u(7)=t zu(x), for all xe H. Let x,ye H.
Thus, we can divide to be two cases, as follows.

Case 1:x¢F.Thenyox ¢ Fory ¢ F. There
exists a€y ox such that xg¢F. Thus, w(a)=0 or n(y)=0.
Hence, min{ipf wz), n()}.

Case 2: xeF -F  for some n=1,2,.... Then
yoxzF  orygF. Thus, there exists aey ox such that
a¢F, . We obtain that, inf p(z)<t, or p(y)=z,. Therefore,

min{ inf ,u(z),y(y)} < t, = u(x). Consequently,
ZEYoX
uis a fuzzy weak hyper filter of H.

Let p and v be fuzzy sets of a nonempty set X.

The cartesian product of p and v is defined by (i x v)

(x, y) = min{inf u(z), u(b), for all x,yeX.

Theorem 3.7 Let H be a hyper BE-algebra. If
u and v are fuzzy weak hyper filters of H, then pxvis a

fuzzy weak hyper filter of H x H.

Proof. Assume that p and v are fuzzy weak
hyper filters of H. Let (x,y) € H x H. Then
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(1t xv)(1,1) = min{u(1),v(1)} = min{u(x), v(y)}
= (U X v)(x,y).Now, let (x,,y,), (x,,y,) € Hx H. Then

(W, v) (x,y)

= min{u(x,),v(y,)}
> min{min{21EiJrC12fox1 u(z1), u(xz)},

inf v(z,),v(y2)}}

Z2€Y2°)1
ggtxl{min{u(zl), v(z2)},
Z2€Y2°)1

min{u(xz), v(y2)}}}

> min{ (1 X v) (21,2,),

min{

= min{z
1

inf
(21,22)€(x2,y2)°(x1,¥1)
(1 xv)(x2,y2)}-
Therefore, L x v is a fuzzy weak hyper filter of H x H.

Let be a fuzzy set of a nonempty set X, a€[0,1—

sup u(x)Jand B&[0,1]. Then:

(i) the mapping p',- X— [0,1] is called a
fuzzy translation’® of p if u* (x)=p(x)+a, for all xeX;

(i) the mapping “Mﬁ" X— [0,1] is called a
fuzzy multiplication of w if uMB(x)=[3p(x), for all xeX;

(iii) the mapping ,uﬁ o ' X = [0,1]iscalleda
fuzzy magnified translation' of w if u T(x) = Bu(x) + a,

for all xeX.

Theorem 3.8 Let H be a hyper BE-algebra, pu be
a fuzzy set of H, @ € [0,1 — SUP ©(x)] and pelo,1].
Suppose that ‘uﬁ o is afuzzy magnlﬁed translation of p,
with respect to a and f. Then W is a fuzzy weak hyper
filter of H if and only if yﬂ « is a fuzzy weak hyper filter
of H.

Proof. Assume that i is a fuzzy weak hyper filter
of H. Let aeH. Since u(1)>p(a) we have u}‘?g(l) =

Bu(l) +a = pu(a) + a = ,u T'(a), for all acH. Let
x,yeH. Then

1o (x) = Bu(x) + a
2 pmin{ inf u(2), ()} +a

= min{_ inf (Bu(2) + ), puy) + o}
v(@ g (N}

Hence, M%Z is a fuzzy weak hyper filter of H.

= mln{ 1nf u

Conversely, assume that .“?34,5 is a fuzzy weak
hyper fiter of H. Let x,yeH. Consider Bu(1) + a =

it (1) 2 T (x) = BuCx) + a and
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Bu(x) + a = ugf (x)

= min{_ mf 1g e (2), g 6 ()}
mm{zgylfx(/?u(Z) + a), fu(y) + a}
min{f( inf u(2)) + e fu(y) +a}
[3min{zg;§xu(2).u(y)} +a

Since B >0 and o = 0, we have u(x) > min{ énf
ZEYox
y(z),u(y)} and u(1)=p(x), for all x,yeH. Hence, p is a

fuzzy weak hyper filter of H.

Corollary 3.9 Let H be a hyper BE-algebra, L be
a fuzzy set of H, a<[0,1-sup p(x)], and <[0,1]. Suppose
that u" is a fuzzy translation and is a fuzzy multiplication
of with respect to and , respectively. Then the following

conditions are equivalent:
(i) nis a fuzzy weak hyper filter of H ;
(i) u', is a fuzzy weak hyper filter of H ;
(iii) p™,is a fuzzy weak hyper filter of H.

Theorem 3.10 If pand v are fuzzy weak hyper
flters of a hyper BE-algebra H, then p M vis a fuzzy
weak hyper filter of H.

Proof. Assume that pand v are fuzzy weak hyper

flters of a hyper BE-algebra H. Let x,ye H. Then

(1N v)(1) = min{u(1), v(D}

min{u(x), v(x)} = (u N V) (x)

I\

and

(1 Nv)(x) = minfu(x), v(x)}
> min{min{ inf wu(z),u(y)},
ZEYox
min{ inf v(z),v(y)}}
ZEYox
= min{ inf {min{u(z),v(z)}},
ZEYox
min{u(y), v(»)}}
= min{_inf (x Nv)(2), (L NV)()}
ZEYyox
Hence, n M vis a fuzzy weak hyper fiter of H.
Theorem 3.11 If p and v are fuzzy weak hyper

flters of a hyper BE-algebra H such that pcvorvcy,
then p U vis a fuzzy weak hyper filter of H.

Proof. Assume that pLand v and are fuzzy weak
hyper filters of a hyper BE-algebra H such that p < v or
v C . Let x,yeH. Then
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(kU v)(1) = max{u(1),v(1)}
> max{u(x),v(x)} = (U v)(x).
Now,
(U v)(x) = max{u(x),v(x)}
> max{min{zér;gx w(z), u()},
min{_inf_ v(z),viN}
= min{max{zgfx w(z), u()3},
max{zér;fx v(2),v(»)}}
= min{Z‘iErJ}fx{maX{H(Z), v(2)}},

max{u(y),v(y)}}
= min{zgylfx(u Uv)(2), (muv)(}

In general, max{min{ }}min{max{ }}. Suppose
for this case
max{min{ inf u(z),u(»)},
ZEyox
min{ inf v(z),v(y)}}
ZEyox
# min{max{ inf u(z),u(y)},
ZEyox
max{_inf v(z),v(y)}}.
ZEYox
Then there exists ae[0,1] such that
max{min{_ éI}l]fx w(z), n()},
min{ inf v(z),v(y)}}
ZEyox
< a < min{max{ inf u(z),u(y)},
ZEYox

maX{ngx v(2),v(y)}}-

Thus, a < min{ énf ,u(z),,u(y)}. On the
ZEYox
other hand, min{ inf u(z),u(y); < a, which is a
ZEYox
contradiction. This completes the proof.

Then, we have the following corollary.

Corollary 3.12 Let {p:icA} be a nonempty
set of a family of fuzzy weak hyper filters of a hyper
BE-algebra H, where A is an arbitrary indexed set.

Then the following statements hold:
(i) _QA w,is a fuzzy weak hyper filter of H;
(ii) Lif H, < por pcp, for all ije, then
N w is a fuzzy weak hyper filter of H.
ien !

Next, we denote by FHF(H) the set of all fuzzy
weak hyper filters of a hyper BE-algebra H. By Corollary

3.12, we obtain the following theorem.
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Theorem 3.13 Let H be a hyper BE-algebra and
(FHF(H);c) be a totally ordered set by the set inclusion.
Then (FHF(H);c,v,n) is a complete lattice, where

/\{MiEFHF(H)"iE/\}ZiQAMi’

V{“iEFHF(H)"iE/\}:iQA“r

Lemma 3.14 Let H be a hyper BE-algebra and
(FHF(H);c) be a totally ordered set. Then un(vUA)=
(uwv)u(uni) and pu(vmd)= (Luv)N(RUL),
for all w,v,Ae FHF(H).

Proof. Let u,v,Aec FHF(H) and xeH. Then
(L) (x)

= min{p(x), (WIA)(x)}

= min{u(x), max{v(x), Mx)}}

= max{min{ p(x),v(x)} ,min{u(x),Mx)}}

= max{(uw)(x), (LOR)(xX)}

= (W) U(LIL)) ().

Hence, pn(vl)= (unwv)u(uNA). Similarly, we
can prove that pu(vAd)= (LUV)N(LUL).

From Lemma 3.14, we have the following

theorem.

Theorem 3.15 Let be a hyper BE-algebra and
be a totally ordered set. Then is a distributive complete

lattice.

Next, we characterize Noetherian hyper BE-
algebras and Artinian hyper BE-algebras using their fuzzy

weak hyper filters.

A hyper BE-algebra H is called Noetherian if H
satisfies the ascending chain condition on weak hyper
filters, that is, for any weak hyper filters F,F,F,.. of H,

with F,.cF,cF,c..cF c...

There exists neN such that F,= F .+ for all i>

A hyper BE-algebra H is called Artinian if H
satisfies the descending chain condition on weak hyper
filters, that is, for any weak hyper filters F', F,, F,... of H,

with F,.c F,cF,c..cF c...

There exists neN such that F,= F .+ for all i>

Theorem 3.16 Let H be a hyper BE-algebra.

Then H is Noetherian if and only if for every fuzzy weak
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hyper filter p of H, the set Im(p) = {u(x):xeH} is a well-

ordered subset of [0,1].

Proof. Assume that H is Noetherian. Suppose
that there exists a fuzzy weak hyper filter p of H such
that Im(p) is not a well-ordered subset of [0,1]. Then there
exists a strictly infinite decreasing sequence {t;,};-1
such that pu(x )=t for some x € H. Let I =U(u;t )={xeH:
wx)=t }. By Theorem 3.3, I is a weak hyper fiter of H,
for all neN. Moreover, I,c 12c Ij C ... is a strictly infinite
ascending chain of weak hyper filters of H. This is a
contradiction that H is Noetherian. Therefore, Im(p) is a
well-ordered subset of [0,1], for each fuzzy weak hyper
filter p of H.

Conversely, assume that for every fuzzy weak
hyper fiter p of H, the set Im(n) = {pu(x): xeH} is a
well-ordered subset of . Suppose that is not Noetherian.
Then there exists a strictly infinite ascending chain
F,cF,cF,c..cF c..of weak hyper fiters of H. We
define the fuzzy weak hyper filter of p of H by

()_(1) if x & F, for each n € N;
“x‘; if XEE, —Fy, for n=12,..;

where F,= . By Theorem 3.6, u is a fuzzy
weak hyper filter of H, but Im(n) is not a well-ordered
subset of [0,1]. We get a contradiction. Consequently, H

is Noetherian.
Corollary 3.17 Let H be a hyper BE-algebra. If
for every fuzzy weak hyper filter p of H such that Im(p)

is a finite set, then H is Noetherian.

Theorem 3.18 Let H be a hyper BE-algebra and
T={t,t,

in [0,1]. Then the following conditions are equivalent:

..}u{0}, where {t;, }—is a strictly decreasing

(i) H is Noetherian;

(ii) for every fuzzy weak hyper filter n of H,
if Im(p) < T, then there exists k€N such that Im(u) c {z,,
Ly oo 1,y U{0F.
Proof. (i) = (ii): Assume that H is a Noetherian.
Let pn be a fuzzy weak hyper filter of H such that Im(p)
c T. By Theorem 3.16, Im(p) is a well-ordered subset of
[0,1]. Hence, there exists keN such that Im(p) < {7, 7,,
oo 1,1 U{0}.

J Sci Technol MSU

(ii) = (i): Assume that for every fuzzy weak
hyper filter u of H, if Im(n) < T, then there exists kelN
such that Im(n) = {t,,t,, ..., 1, }{0}. Suppose that H is not
Noetherian. Then there exists a strictly ascending chain
F,c F,cF,c.. of weak hyper fiters of H. We define a

fuzzy set p of H by

if x &F,
if x€F,—F,4

for each n € N;
forn=1,2,..;

0
u(x)—{tn
where F = . By Theorem 3.6, L is a fuzzy weak

hyper filter of H. This is a contradiction with our assump-

tion. Therefore, H is Noetherian.

Theorem 3.19 Let H be a hyper BE-algebra and
T={t,1,, ..}u{0}, where {t,},-, is a strictly increasing
sequence in [0,1]. Then the following conditions are

equivalent:
(i) H is Artinian;
(i) for every fuzzy weak hyper filter p of H,
if Im(u) < T, then there exists keN such that Im(p) <
{t,, t,, ... t, }U{0}.
Proof. (i) = (ii): Assume that H is Artinian. Let
| be a fuzzy weak hyper filter of H such that Im(p) < T.
Suppose that t;, <t;, <-- <t < ..

increasing sequence of elements in Im(u). Let I =

is a strictly

Ul tim) for m=1,2,... This implies that ID[5..D1
D ... is a strictly descending chain of weak hyper filters

p of H, which is a contradiction that H is Artinian.

(ii) = (i): Assume that for every fuzzy weak
hyper filter u of H, if Im(n) < T, then there exists kelN
such that Im(p) = {¢, ¢,, ..., £,}\{0}. Suppose that H is
not Artinian. Then there exists a strictly descending chain
FoF,>..oF >..of weak hyper filters of H. We define
a fuzzy set pnin H by

0 if X e Fl’
px)=4ty, it x€FK,—F4 forn=1,2,..,
1 if x €F, for allm € N.

We have that u(7) = 1=p(x), for all xe H. Next, let

x,yeH. Thus, we can divide to be three cases, as follows.

Case 1: x ¢ F,. Then yox ¢ Fiory ¢ F,.
Thus,
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Case 2. x € F - F  for some n=12,...
Thenyox g F, ,ory¢F . We obtain that u(y) <t or
u(z) =1 for some z € y ox\F . So, min{_@pf wz), p(y)r=<
t = pux).

Case 3: x € F for all neN. Clearly, pu(x) =
Izmin{inf u(z), p(y)}.

Hence, pnis a fuzzy weak hyper filter of H. We

have a contradiction with our assumption. Consequently,
H is Artinian.

Corollary 3.20 Let H be a hyper BE-algebra.
If for every fuzzy weak hyper filter n of H, Im(p) is a finite

set, then H is Artinian.

Conclusions

The concept of fuzzy weak hyper filters in hyper
BE-algebras is introduced and investigated. It was
shown that the set of all fuzzy weak hyper filters of hyper
BE-algebras is a distributive complete lattice. Also, the
concepts of Noetherian hyper BE-algebras and Artinian
hyper BE-algebras are characterized by their fuzzy weak
hyper filters. In future work, we will study the concept
of characterizations of fuzzy weak hyper filters in hyper

BE-algebras.
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Abstract

This research investigated the effect of roasting on the bioactive compounds of germinated soybean. Content of
genistein, daidzein and total phenolics was measured and antioxidant activity estimated. The soybean samples were
soaked for 4 hours, then germinated for 19 hours and roasted at 200°C for 6, 7 or 8 minutes. Roasting temperature
and air flow rate were constant throughout the experiment. The results demonstrated the genistein, daidzein and total
phenolic content and antioxidant activity were not affected by different drying times, but they were increased when

compared with raw soybean.
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Table 1 Moisture content of roasting germinated soybean at various time
drying time moisture content (% db.)
0 min 173.58 + 0.55°
6 min 13.39 £ 0.25
7 min 7.43 £0.10°
8 min 3.65 + 0.04°

Different superscripts mean that the values are significantly different (p < 0.05)
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Table 2  Genistein and daidzein content of roasting germinated soybean at various time
genistein content daidzein content total content
Drying time (mg/100 g dry weight) (mg/100 g dry weight) (mg/100 g dry weight)
raw soybean* 6.02 + 0.03° 3.42 £ 0.03° 9.44 + 0.01°
0 min 15.02 + 0.05 12.14 £ 0.20° 27.16 + 0.25°
6 min 16.25 + 0.17° 15.41 + 0.20° 31.66 + 0.04°
7 min 18.04 + 0.17° 17.35 £ 0.25° 35.40 + 0.11°
8 min 18.34 £ 0.11° 18.34 £ 0.13° 36.69 £ 0.15°

Different superscripts mean that the values are significantly different (p < 0.05)

*not germinated and not roasting

Table 3  Total phenolic content, FRAP content and inhibition DPPH of roasting germinated soybean at various time
total phenolic content FRAP content inhibition DPPH
Drying time (mg GAEI/g extract) (umol FeS04/g extract) (%)
raw soybean* 0.19 £ 0.13° 0.75 £ 0.27° 3423 £ 0.12°
0 min 0.23 + 0.02° 0.81 + +0.03° 35.52 + 0.05°
6 min 0.36 + 0.06 1.39 + 0.07° 44.09 + 0.37°
7 min 0.38 + 0.03° 1.53 £ 0.14° 4482 +0.18°
8 min 0.39 £ 0.06° 1.63 + 0.23° 51.31 £ 0.21°

Different superscripts mean that the values are significantly different (p < 0.05)

*not germinated and not roasting
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Abstract

Examinations are an assessment and evaluation tool at University. They can be performed using different types of
input devices to complete them. This study investigated whether using digital input devices affects muscle activation
than a traditional input instrument. We monitored the Electromyography (EMG) activity of Trapezius (TRAP),
Biceps Brachii (BB), Flexor Digitorum Superficialis (FDS), Extensor Carpi Radialis Brevis (ECRB) and Extensor
Digitorum Communis (EDC) muscle activity during generative writing with drawing tasks in written exams using a
Boogie Board, Chromebook, iPad pro, Notebook Keyboard, Ballpoint Pen, and Yoga Book. Twenty university students
were included in this study. The results showed Boogie Board, and Ballpoint Pen used the most muscle activity.

When using Boogie Board and Ballpoint Pen, participants tended to mostly use FDS and ECRB muscle activity.
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Additionally, Boogie Board consistently had the greatest BB muscle activity. Moreover, when using the indirect input

device, Yoga Book, participants had indications of a trend of increasing in TRAP, FDS and EDC muscle activities.

In contrast, Chromebook and iPad pro showed consistently lower FDS and EDC muscle activities. However, when

typing on the Notebook Keyboard, subjects had the least BB, FDS, and ECRB muscle activity. Therefore, when a

long writing scenario is required, a Notebook Keyboard may be a more suitable interface, especially in education. The

findings also suggest that handwriting devices have a greater potential energy expenditure in performing handwriting

tasks and muscular damage with the maintenance of motor patterns in handwriting tasks.

Keywords: Assessments, Electromyography, Ergonomic design, Human computer interaction

Introduction

Examinations are a very common assessment and evaluation
tool in universities. Many Universities are spending more
money each year on test administration, such as preparing
examination scripts and answer sheets, as well as storing
such scripts and sheets. If we analyze all characteristics
of examination administration, we see that digital input
devices such as keyboards and digital handwriting
instruments make possible a more efficient examination

process for test administration and review'>

Previous results have indicated that both computer
keyboard characteristics and handwriting instruments can
affect users’ risks for developing injury and health risks
from working conditions, especially during long sessions**.
Moreover, in examination conditions, existing research
indicates that assessment can be impacted by the type
of device that was used to complete it™®. In addition,
psychological effects, such as excitement, fear and anxiety
during examination may have an effect on muscle activity7.
However, digital input devices are increasingly being used
especially for test administration, e.g. pen-based testing in
drawing, sketching, graphing, and writing text containing

a mathematical equation®""

. Although digital input devices
are increasingly widely used, it is still unclear exactly what
type of digital input devices could be more suitable for

generating writing with drawing tasks in written exams'*"™.

An important question in this new generation
writing scenario is whether using digital input devices
affects muscle activation differently than a traditional input
instruments. Thus, it is important to understand the use

of input devices that may affect physical risk factors and

student performance. In this work we intend to empirically
answer this research question. We compare generating
writing input using six types of device: Notebook
Keyboard, Pen and Paper, Yoga Book, Chromebook, iPad

pro, and Boogie Board.

Methods
Subjects

Twenty university students at Burapha University
and King Mongkut's Institute of Technology Ladkrabang,
Thailand, (17 males and 3 females), aged between 20-
22 vyears, participated in this study. Participates were
recruited to take part in the study through institutional
e-mail, by telephone or by personal contract. In total, 51
e-mail addresses were mailed, 15 completed the online
typing test program. 5 students were asked to write down
their e-mail address on a list if they were interested to
participate in the study. Eighteen subjects were right hand
dominant and all subjects met the criteria, based on their
experience of touch typing with no history of upper extremity
musculoskeletal disorders or pain, discomfort, trauma or
sequelae related to the upper limbs. The typing speed
for all subjects was 46.15 words per minute (WPM) with
an accuracy of 94.21%. The typing speed was collected
using an online typing test program (https://10fastfingers.
com/typing-test/thai) with the subject’s own conventional
keyboard during subject recruitment. This experimental
protocol was approved by the University’s Human
Subjects Committee (194/2560) and each subject signed

an informed consent prior to their participation in the study.
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Table 1 Basic data of the participants
N=20 Classification
Gender 17 males, 3 females

Dominant side Right hand 18, Left hand 2

Age (years) [mean (SD; 21.27 (0.55; 20-22)

range)]

Typing speed (word 46.15 (9.50; 33-61.6)
per minute) [mean (SD;

range)]

Accuracy (%) [mean (SD; 94.21 (3.39; 91.226-97.176)

range)]

Experienced touch 7.72 (1.12; 7-10)
typing (years) [mean (SD;

range)]

Experimental design

Because the nature of high-stakes assessment
limits the amount of experimentation that can be undertaken,
it would be suitable to ask students to sit a mock
examination. Each of the participants is cited at a different
time to participate in the experiment. Except for Keyboard,
Notebook and Ballpoint Pen and Paper, the subjects has
no experience for using each writing devices. Therefore,
before evaluating the various input devices, the subjects
were allowed to familiarize themselves with different
writing devices including Boogie Board, Chromebook, iPad
pro, Notebook Keyboard, Ballpoint Pen, and Yoga Book.
Moreover, the seat and work surface were adjusted to
match each subject’'s anthropometry along ANSI/HFES
standards'. Participants were given different versions of
the input devices and one writing exercise that required
the participants to complete a paragraph of text containing
an alphanumeric and geometrical content. Then students
completed a task within 15 minutes (900s) for each
different input device. They were also allowed 10 minutes
break before starting the next version of the input device,
to minimize any residual fatigue effects of the previous
condition. Each exercise was followed by completing
a questionnaire. Finally, during an interview we asked
participants to describe their experience with the writing
tool and asked them to compare their experience with all
writing devices and their preferences. During the writing
sessions, writing accuracy and speed were recorded by
screen recorder software. The order of the input devices

was randomized and counterbalanced to minimize any

J Sci Technol MSU

potential confusion due to the input device testing

order™".

Equipment and Material
Electromyography

The Surface Telemetry EMG version BTS Free
EMG300 wireless (BTS Bioengineering Corp.), which is
a 16-channel system, with a mode rejection of 126 dB
was used to collect the surface EMG (sEMG) signals,
conditioned with a digital band-pass filter between 10Hz-
350Hz. EMG signals were recorded using digital data at
a sample rate of 1000 Hz. Disposable Ag/AgCl surface
electrodes with an 8 mm diameter pick up area (Ambu
Blue Sensor P, REF: P-00-S/50) were placed with a 20-

mm inter-electrode spacing over the five muscles.

Writing material

In the repeated—measures laboratory experiment,
participants performed writing for fifteen minute sessions
on each of six input device conditions including Boogie
Board, Chromebook, iPad pro, Keyboard, Ballpoint Pen
and paper and Yoga Book (Figure. 1).

The subject wrote on foolscap folio, with line
spacing of 8 mm and paper gramature of 56g/m 2(g),
using a pen with blue ink ballpoint, with medium point of
0.7 mm and line width of 0.4 mm, with hexagonal barrel.
This object was conceived and developed as to be clean
and reliable, and it is now the world’s most-used writing
instrument’® and offers more precision with handwriting

task19-20

The digital pen technology characteristics
included Boogie Board, Chromebook, iPad pro and Yoga
Book. Each of the digital pen technologies used in the
study were chosen to cover a regular characteristic of
digital pen technologies that are on offer. We considered
the characteristics based on the accuracy, weight, grips,
length, shape, tip size, and other functionality such as

touch sensitivity, and electronic erasers.

The Notebook Keyboard had palm rests and
tactile feedback. The key spacing (center-to-center
distance) was approximately 19 mm on all the keyboard

and all conformed to ANSI™ ?'.
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Muscle activity

Muscle activity was recorded from the Trapezius
(TRAP), Biceps Brachii (BB), Flexor Digitorum Superficialis
(FDS), Extensor Carpi Radialis Brevis (ECRB)* *?, and
the Extensor Digitorum Communis (EDC) muscle. The
TRAP, BB, FDS and ECRB muscle were selected for

their main functions to stabilize and move the upper arm

Boogie Board Chromebook
during fine dexterity activities such as handwritingzz. The

EDC muscle were selected for their major role in extending
the phalanges, then the wrist, and the elbow. The EDC

tends to separate the fingers as it extends them®.

Electrode placement
Ipad Pro

The location of muscles was identified through
palpation during voluntary contraction®?*. The active
electrodes for the TRAP muscle were placed 2 cm lateral
to the halfway point between C7 and the right acromium
process” (Figure 2 A). The BB was identified by asking
the subject to flex their forearm in the supinated position

and then the palpate muscle mass in the anterior aspect

Yoga Book of the arm emerges® (Figure 2 B). The EDC was identified
Boogie board stylus by palpating the muscle on the dorsal side of the forearm
Chromebook stylus one third of the way up the forearm and having the subject

iPad pro stylus . .
: wiggle their fingers. The electrodes were located where
Ballpoint pen

Yoga book stylus the muscle contractions could be felt”*” (Figure 2 C).

Similarly, the FDS was located by touching the muscle

on the palmar side one third of the way up the forearm
Figure 1 Input devices used in study and locating the electrodes where the muscle contractions
could be felt***® (Figure 2 D). The ECRB was identified
by asking the subject to extend the wrist and palpate the
muscle mass approximately 5 cm distal from the lateral

epicondyle of the elbow® (Figure 2 E).



378

Sununthar Vongjaturapat, Nopporn Chotikakamthorn

\

\AaDy
\ \:“‘ g b/‘
<_/‘( \“\

Fa F 7S
Q‘r\\ | /-*aq

A. Electrode placement for the upper
Trapezius (TRAP) site, post aspect.

Electrode placement for the
Biceps-Brachium (BB) site, ant aspect.

C. Electrode placement for Extensor Digitorum
Communis (EDC) site, post aspect.

D. Electrode placement for the Flexor Digitorum
Superficialis (FDS) site, ant aspect.

LA

E. Electrode placement for Extensor Carpi Radialis
Brevis (ECRB) site, post aspect.

Figure 2 Electrode placement

J Sci Technol MSU

Prior to applying the EMG electrodes to the
skin, the electrode contact area was prepared by shaving
where necessary and then the skin surface was cleaned
with Alcohol 70° GL prior to electrode fixation in order to
reduce contact impedance®. Then, the electrodes were
connected to wireless surface sensors and the system
communicated with a PC through a WiFi router, which

managed 5 electrode channels simultaneously.

EMG data acquisition and analysis system

The electrodes were connected wirelessly to the
BTS Free EMG300 (BTS Bioengineering Corp.) with a
common mode rejection of 126 dB and then they were
converted from analog-to-digital (A/D). The raw EMG data
was fed into a specific analysis system programed with
EMG-Analyzer software for further analysis. The analysis
system used Root Mean Square (RMS) to eliminate the
interference of ambient electromagnetic fields®, and the
Butterworth high pass filter at 20 Hz was used to apply
additional digital filters to minimize the phase shift
phenomenon in the RMS algorithms®. Moreover, the
analysis system was equipped with a band pass in the
range of 10-350 Hz filter that were needed to avoid

anti-aliasing effects within sampling®.

The filtered EMG data from the TRAP, BB,
FDS, ECRB and EDC muscles was normalized relative
to Maximum Voluntary Contractions (%MVC) for each
muscle (Figure. 3), the 10th (static), 50th (median) and
90th (peak) muscle activities were calculated®'. To obtain
the two MVCs, an isometric contraction held at outer-range
position, the subjects were instructed to extend their wrists
and fingers up against isometric resistance (EDC) and to
flex their ingers down against isometric resistance (FDS)
with verbal encouragement. To obtain BB MVCs, the
subjects were instructed to exert a force with the elbow
flexor muscles and to minimize the involvement of other
muscles®. To obtain TRAP MVCs, the isometric resistance
was applied as subjects performed a continuous single
shoulder shrug with their arms at their sides and without

%34 Each contraction

bending or twisting at the hips/waist
time lasted for three to five seconds™. Five MVCs were
collected from which the maximum RMS signal over a
1s period was identified and used to normalize the EMG

data.
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Figure 3 Experimental setup

Data analysis

In order to reduce variation and condense the
colossal amount of data, the section corresponding to the
task execution was divided into 6 time periods of electrical
activity (EA). The first collection started at the second of
30-s epoch (time window) and the next collection was
done every 150 seconds. An analysis system calculated
EMGs values for every 30-s epoch®. Filtered EMGs was
normalized by the maximum voluntary contractions (MVC).
The data was analyzed with statistical software SPSS for
Windows (version 21.0) (SPSS Inc., Chicago, IL, USA).
We employed the method of means contrast based on
analysis of variance (ANOVA) for the following reasons:
(I) the sample followed a normal distribution, (Il) the
number of groups to be analyzed was greater than two,
(Yoga Book, Chromebook, iPad pro, Boogie Board, note
book key board and Ballpoint Pen) (lIl) all the samples
were the same size (this is a small number: 20 subjects).
ANOVA is an inferential statistic for analyzing the mean
difference between muscle activities. This statistic can
control Type | errors. In those cases, having a difference
between the means, an additional exploration of the

difference among means multiple comparisons test, is

Performance study of input devices for generating writing with

drawing tasks in written exams-a comparison between...

needed. Any statistical significance was followed-up with
a post-hoc Tukey HSD to determine whether there were
significant differences between handwriting and typing

devices.

Results

The results of the EMG analysis indicated
variations in muscular behavior during the execution
of the writing with drawing tasks in written exams as

follows.

Trapezius

The results indicated that there were differences
in TRAP muscle activity between input devices (Figure.
4). The Yoga Book had a significantly higher static
(10" percentile) muscle activity compared to the
Chromebook and Notebook Keyboard (p<0.05) and a
higher median (50" percentile) muscle activity compared
to the Chromebook and iPad pro respectively (p<0.05)
whereas boogie with a Ballpoint Pen had a significantly
higher peak (90" percentile) muscle activity compared to
Notebook Keyboard (p<0.05).

65%

@ Boogie board
6%

£ Chromebook
55%

EiPad
S0% Keovhoard

=] oa
45% =
40%

M Yogobook

|
|
|
|
!
| EPen
i
|
|
|
|

50th 90th

Figure 4 Comparison of 10" 50" and 90" %tile muscle
activity of TRAP. *statistical significance at 0.=0.05.

Biceps brachii

There were significant differences in the static
median and peak BB muscle activities across the input
devices (Figure. 5). The Boogie Board showed a consistently
higher BB activity for the 10th 50th and 90th percentile
muscle activity whereas the Notebook Keyboard had a

lower static, median and peak (p<0.05) muscle activity.
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Figure 5 Comparison of 10" 50" and 90" %tile muscle
activity of BB. *statistical significance at 00=0.05.

Flexor digitorum superficialis

There were significant differences in static median
and peak FDS muscle activities across input devices
(Figure 6). The Ballpoint Pen showed a higher FDS activity

for the 50" and 90" percentile muscle activity.
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Figure 6 Comparison of 10" 50" and 90" %tile muscle
activity of FDS. *statistical significance at 0(.=0.05.

Extensor carpi radialis brevis

There were significant differences in static median
and peak ECRB muscle activities across input devices
(Figure 7). The Ballpoint Pen showed higher ECRB
activities for the 50th and 90th percentile muscle activity
with the Notebook Keyboard having a consistently lower
static (p<0.05), median (p<0.05) peak (p<0.05) muscle

activity.
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Figure 7 Comparison of 10th 50" and 90th %tile muscle
activity of ECRB. *statistical significance at 00=0.05.

Extensor digitorum communis

There were significant differences in the static
median and peak EDC muscle activities across the input
devices (Figure. 8). The Yoga Book had the highest peak
(p<0.05) muscle activity (90" percentile) when compared
to Chromebook and Notebook Keyboard respectively,
whereas Chromebook showed lower EDC activities for
the 50" and 90" percentile muscle activity compared
to the Boogie Board and Ballpoint Pen (50" percentile)
(p<0.05), and Boogie Board, Ballpoint Pen and Yoga Book
(90" percentile) (p<0.05) respectively. Moreover, the
Boogie Board had a higher static muscle activity (10"
percentile) when compared to the Chromebook and the

Notebook Keyboard (p<0.05) respectively.
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Figure 8 Comparison of 10" 50" and 90" %tile muscle
activity of EDC. *statistical significance at 00.=0.05.
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Discussion

The present study evaluated whether using
digital input devices affects muscle activation, physical
risk factors and student’s performance, differently than
a traditional input instrument. This study intends to help
demonstrate the best practices for a University wanting
to implement innovation for their examinations. This
research result allows an efficient examination process
for all parties involved, reflected in decreased correction
times and lower copying and printing costs. The EMG
results indicated that when using a Boogie Board and
Ballpoint Pen, participants had a trend of higher FDS and
ECRB muscle activities. Although, this study showed that
writing with a Ballpoint Pen required the higher muscle
activity for FDS and ECRB muscles compared to Boogie
Board, there was no muscle activity difference between
the Boogie Board and Ballpoint Pen. This is likely because
the Boogie Board tip felt almost like a real pen and friction
between the stylus and the slate was similar to Pen and
paper”’. Moreover, during interview, some participants
expressed their opinion about enjoying writing with a
Boogie Board. “Because the friction between the nib and

surface is smooth and resembles regular pen and paper”

When expressing feelings about the Ballpoint
Pen, the subjects often commented that “I had to press
harder on the tip of the Ballpoint Pen nib to write with
it, as the Ballpoint Pen nib is not fluid and smooth”. “the
feed’s ink is not flowing smoothly, so | have to press
hard on the Ballpoint Pen nib”. This finding in the FDS
and ECRB muscle activities corresponds with previous
studies. Almeida, et al.,”” which found that muscle activity
associated with use of a pen involved a higher FDS
muscle activity compared to ECRB muscle activity while
perform handwriting tasks. Due to the difference of grasp
patterns, there is an expenditure of different muscle
activities (Figure 9 and Figure 10> *. Thus, beyond the
grasp pattern, the nib and ink feed are the most important

component that may affect muscle activity.

Additionally, when using a Boogie Board,
participants had consistently higher BB activities for the
10th 50th 90th percentile muscle activities, compared to
other devices (Figure. 5). However, to our knowledge,
there have only been a few previous studies using EMG

to Boogies Board. This is likely because the adoption of

Performance study of input devices for generating writing with
drawing tasks in written exams-a comparison between...

proximal joint movements, such as shoulder elevation and

elbow flexion, during the handwriting®.

Figure 9 Participant’s handwriting samples from
Boogie Board

Figure 10 Participant’'s handwriting samples from

Ballpoint pen

Moreover, if we analyzed the Boogie Board, the
results showed the EDC muscle was higher for the 10th
50th 90th percentile muscle activities compared to other
muscle activities (Figure. 11). This is likely because of the
maijor role of the EDC muscle in extending the phalanges,
then the wrist, and the elbow. The EDC tends to separate
the fingers as it extends them, and it extends the medial

four digits of the hand®.
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Besides, when expressing feelings about the
Boogies Board, the subjects commented that “because
of the similarity between a black screen of slate and
line color of stylus, it created the difficulty of seeing the
appearance of stokes, so | had to alter my writing size”.
“Sometimes, | had to press harder on the tip of stylus nib
to write with it, because of the color of stokes and black
screen is not contrast” (Figure 12). Thus, our analysis
of all the descriptive data indicate that beyond stylus
accuracy and precision of strokes, the contrast between
background and text color invoked a stronger connection
to one’s writing because it forced them to alter their writing
size and variety of pressures, and these may ultimately

affect muscle activity''
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Interestingly, when using the indirect input device,
Yoga Book, participants had consistently higher TRAP,
FDS, and EDC activities especially for the 10" percentile
muscle activities, compared to Chromebook (p<0.05).
However, to our knowledge, there have been few previous
studies using EMGs on Yoga Book. Also, we analyzed the
screen recorder and video data regarding the subject’s
writing. We found that participants wrote with a variety
of pressure in handwriting. Some participants had more
difficultly forming and terminating writing with the Yoga
book (Figure 12 C). When participants begin to write,
they had to look at the screen to monitor their stroke
as well as seeing what they had already written on the
screen whilst the subject wrote down on the touch slate
(halo keyboard) (Figure 13). These were thought to be
a result of mismatch of the interaction between the nib
on the touch slate and the appearance of digital ink on
the screen. Many participants commented on the
appearance of their stroke beautification and their
aesthetics. Moreover, they expressed opinions about a
mismatch of the movement between the nib and digital
ink on screen, if it forced them to alter their writing size,
needed them to write slower and required more attention.
Participants most often expressed the opinion “difficult to
control”. “The writing on the line is not easier to master
than other devices”. These may lead to a higher energy
expenditure with the maintenance of a motor pattern in

"2 Therefore, inking on screen with

handwriting tasks
altered writing size would likely involve higher muscle

activities.

However, if we analyzed TRAP, FDS, and EDC
activities for the 50th 90th percentile muscle activity, then
we see that the Yoga Book indicated variations in muscle
activities. The possible reason would be the difference
in adapting movement patterns for individuals. When
handwriting events were improperly handled, many more
modified their behavior than participants were comfortable
with, so they would have a different movement style"
and eventually it may lead to the difference of muscle

activities.

Performance study of input devices for generating writing with
drawing tasks in written exams-a comparison between...

Figure 13 The usage of Yoga Book with stylus

When using Chromebook and iPad Pro,
participants had consistently lower FDS (Figure 6) and
EDC (Figure 8) activities for the 10th 50th 90th percentile
muscle activities. Although, the iPad pro had a higher FDS
and EDC muscle activity than Chromebook, there were no
muscle activity differences between the Chromebook and
iPad Pro. This is likely because both of the styli had pressure
sensitivity and low latency thereby enabling smooth
inking on the screen®. Moreover, when participants
expressed opinions about Chromebook and iPad Pro,
they were frequently described as “different and easy to
control” by participants. Participants had positive writing
experiences with them and felt that their display surface
felt “smooth” which is a prominent feature identified as
an ideal characteristic. In addition, with unintended touch,
participants could write in a comfortable position and could
rest their palm on the display (Figure14 and Figure15).
Many participants felt that the stylus tip felt almost like
a real pen and there was enough friction between the
stylus and screen to feel natural. Interestingly, stroke
beautification and productivity were similar between
them (Figure 12 D and E). Thus, our analysis of all the
descriptive and letter formation data shows that lower FDS
and EDC muscle activities among Chromebook and iPad
Pro may be caused by the mature grasp pattern which
is the handwriting activity itself, modifying the muscular

performance when controlling the stylus on the surface®.
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Figure 14 The usage of Chromebook

Figure 15 The usage of iPad Pro

When typing on the Notebook Keyboard, subjects
had consistently the lowest BB (Figure 5), FDS (Figure.
6) and ECRB (Figure 7) muscle activity for the 10" 50"
and 90" %tile muscle activities. The possible reason
might be due to subjects being able to rest either their

4,22

fingers or hands during typing” “* as well as an adjustment
of the chair and work surface to match each user’s
anthropometry in accordance with ANSI/HFES standards™.
Thereby the preferred working position for most Notebook
Keyboard participants is the forearms being parallel to
the floor and elbows at the sides; this allows the hands
to move easily over the keyboard** (Figure16). If not,
then Notebook Keyboard for long period of time may
affect muscle strain and risk of carpal tunnel syndrome
or other kinds of repetitive strain injury***°. Moreover,
previous studies, Callegari, et al.,*” and Nag, et al.,*® found
that when using the Notebook Keyboard, the hand and
wrist rest would support the user’s wrists as they type,
and the BB and EDC muscle activity showed a reduced
percentage of fatigue. This may lead to a muscle-selective
reduction in the occurrence of fatigue and thus provide
direct evidence that they may prevent work-related

musculoskeletal disorders.

J Sci Technol MSU

Figure 16 The usage of Notebook Keyboard

In addition, when we analyzed the Notebook
Keyboard’s muscle activity especially for the 50"
percentile muscle activity: TRAP (19.118 %MVC), BB
(15.0680 %MVC), FDS (18.0930 %MVC), ECRB (14.0560
%MVC) and EDC (25.6406 %MVC), we found that the
EDC muscle was the highest muscle activity. This may
play a major role in extending the phalanges, then the
wrist, and finally the elbow. It also tends to separate the
fingers as it extends them, and it extends the medial for
digits of the hand. Similarly, the TRAP muscle is a higher
muscle activity. This may be a function of the TRAP
muscle to support the arm**. This finding corresponds
with previous studies, Kim et. al.,* and found that the
Notebook Keyboard’s muscle activity showed a tendency
to be an intermediate TRAP muscle activity. The reason
is the difference in muscle activities by typing force™®,
higher typing forces applied to a Notebook Keyboard are
more likely to be affected by key activation force than
the typing speed®. As this present study allowed subjects
to type at their preferred speed, this may have affected
the difference in muscle activity by typing force**™. As
a result, muscle activity may be problematic due to the
typing forces reduce with lower key activation forces and
that the lower typing forces resulted in reduced muscle
activity*, and the study condition where subjects may use
different typing forces, further clarification should be made

in future studies to draw conclusive information.

Conclusion

Universities allocate more budget each year
on test administration, and digital input devices are
increasingly being used, especially for test administration.

However, computer keyboard characteristics and
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handwriting instruments can affect user’s risks for
developing injury and health risks from working conditions.
Therefore, it is important to understand whether using
digital input devices affects muscle activation, physical
risk factors and student’s performance. In conclusion, the
study demonstrated that there were differences between
handwriting and typing devices for generating writing
with drawing task in written exams. This work provided
insight evidence of the difference between input devices
in muscle activity. According to the result obtained in the
EMG activities, using a Boogie Board, and Ballpoint Pen
may be detrimental and cause muscle damage after trying
to generate writing tasks for long sessions, especially in
written exams that require the students to express their
knowledge with alphanumeric and geometrical content.
Moreover, when using and indirect input device like the
Yoga Book, participants had an indication of a trend of
increasing in TRAP, FDS and EDC muscle activities. This
was thought to be a result of the pressure on the nib of
the Ballpoint Pen and alteration of writing size when using
the Boogie board and Yoga Book. These could be crucial
when the accumulate over time. Besides, participants had
positive experiences with Chromebook and iPad Pro and
felt that these were ideal characteristics for generating
writing. When typing on the Notebook Keyboard, subjects
had the lowest BB, FDS, and ECRB muscle activity, this
may imply that using a Notebook Keyboard may be an
efficient tool for generating writing with drawing task,
especially geometrical content in written exams. Moreover,
using this tool may allow teachers to spend less time
checking and correcting the answers once students have
finished. Thus, when a task involves alphanumeric and
geometrical content, it is more likely that the technological

advances could be most advantageous”'.

Limitations and Future direction.

Even though conducted over a short experimental
period, the results of this experiment indicated the
tendency of user’s risk for developing health problems
from long-term use of IT instruments for writing. There
are a number of limitations to this study. Fist, we
eliminated specific factors: the thinking time, short and long

answer for writing, and the revision level by participants

Performance study of input devices for generating writing with
drawing tasks in written exams-a comparison between...

that may impact or influence the real writing examination.
Second, this study focused only on muscle activity and
did not include typing forces and quality of writing. Since
Notebook Keyboard had consistently the lowest muscle
activities, it is uncertain if participants used substantially
different typing forces that reduce with lower key activation
forces and that the lower typing forces resulted in reduced
muscle activity’, futures researches should take into
account the limitation of this study by including using a
force platform and investigating the individual keystroke
force profiles as well as the other muscle activity such

as Neck muscle, back muscle and abdominal muscle.
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Abstract

The objectives of this research were to explore stream data and to analyze flood risk areas in Chanthaburi in order
to gain useful information for local agencies in Chanthaburi to make plans to deal with such problems. This research
focused on the sources or ends of streams, points where streams are linked, and points where streams cut through
obstacles. Three areas were determined as nodes. The stream paths between points were called edges, which were
represented utilizing undirected graphs. Data collected were then processed through Gephi version 0.9.2. Later, Graph
Theory-based Centrality was considered for data analysis, consisting of five methods, namely: Degree Centrality,
Eccentricity Centrality, Closeness Centrality, Betweeness Centrality, and Eigenvector Centrality. Selected areas must
have obtained high values estimated from various methods of Graph Theory-based Centrality. The results of this
research could lead to an analysis of flood risk areas in Chanthaburi. With the classification of districts, it was found that
there were 41 points of flood risk areas in Kaeng Hang Maeo; 85 points in Khlung; 55 points in Khao Khitchakut, 59
points in Tha Mai, 28 points in Na Yai Am, 12 points in Pong Nam Ron, 13 points in Makham, 123 points in Mueang
Chanthaburi, 1 point in Soi Dao, and 4 points in Laem Sing, totaling 421 points.

Keywords: Flood Risk Areas, Water Network, Chanthaburi Province, Graph Theory, Centrality
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Figure 1 Research Processes
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Table 1 Numbers of Collecting Data Areas
Data areas Numbers
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The point where rivers are linked 669 Points
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Total 2,404 Points
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Table 2  Defining Data as Symbols
Data areas Symbols
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Figure 6 Chart Shown the Linking Points
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Table 3

ﬁwmmamﬁzmﬂluﬁuwﬁ A4LARE 421 9@ 9 Figure
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Summary of Number of Centrality Methods and Areas

A number of the
A number of
X sources or ends of
centrality methods

A number of the

points where rivers

A number of the

points where rivers cut Total

395

the rivers are linked through obstacles
4 Methods 0 Point 35 Points 13 Points 48 Points
3 Methods 1 Point 225 Points 203 Points 429 Points
Total 1 Point 260 Points 216 Points 477 Points
Table 4 A Number of Flood Risk Areas of Each District in Chanthaburi Province
A number of
District in A number of A number of
i i i the points where
Chanthaburi the sources or the points where rivers ) Total
rivers cut through
Province ends of the rivers are linked
obstacles
Kaeng Hang Maeo 0 Point 23 Points 18 Points 41 Points
Khlung 0 Point 55 Points 30 Points 85 Points
Khao Khitchakut 0 Point 21 Points 34 Points 55 Points
Tha Mai 0 Point 32 Points 27 Points 59 Points
Na Yai Am 0 Point 23 Points 5 Points 28 Points
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Table4 A Number of Flood Risk Areas of Each District in Chanthaburi Province (cont.)

L A number of
District in A number of A number of i
i i i the points where
Chanthaburi the sources or the points where rivers i Total
rivers cut through

Province ends of the rivers are linked obstacles
Pong Nam Ron 0 Point 9 Points 3 Points 12 Points
Makham 0 Point 7 Points 6 Points 13 Points
Mueang Chanthaburi 0 Point 38 Points 85 Points 123 Points
Soi Dao 0 Point 1 Point 0 Point 1 Point
Laem Sing 0 Point 3 Points 1 Point 4 Points
Total 0 Point 212 Points 209 Points 421 Points

Table 5 The Points Where Rivers Are Linked of Flood Risk Areas in Pong Nam Ron District, Chanthaburi Province

No. Code River 1 River 2 River 3 GPS (Lat., Long.)
1 RR531 PhakKat PongNamRon 12.9264, 102.46262

2 RR532 Kloi PongNamRon 12.92158, 102.42603

3 RR533 KhruaWai PongNamRon 12.9312, 102.41185

4 RR534 TaKhong PongNamRon 12.91464, 102.37135

5 RR535 Kwang TaKhong 12.8966, 102.30344

6 RR536 TaNi TaKhong 12.88985, 102.29102

7 RR538 Phraphut SaiKhao Bon 13.04683, 102.42134

8 RR539 SaiKhao Phraphut 13.03619, 102.37527

9 RR540 Phraphut 13.02472, 102.33853

Table 6 The Points Where Rivers Cut Through Obstacles of Flood Risk Areas in Pong Nam Ron District,

Chanthaburi Province

No. Code Road or Bridge River GPS (Lat., Long.)

1 RL141 PongNamRon 12.92891, 102.43984

2 RL147 3193 PongNamRon 12.91479, 102.37203

3 RL169 TaKhong 12.89677, 102.29646
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Figure 8 Flood Risk Areas in Chanthaburi Province Figure 9 Flood Risk Area in Pong Nam Ron District,

Chanthaburi Province
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Abstract

Earthquake prediction with artificial neural network model (ANN) has never been studied in Thailand before. However,
after searching research article from an international database, it has been found that there is a possibility of using
the ANN model to predict earthquake in other countries. Therefore, this article reports on the possibility of predicting
earthquakes with ANN in Thailand and collects earthquake data. The scope of this study includes three additional points;
(1) The earthquake pattern in Thailand is mainly caused by the movement of active faults, also the magnitude of the
earthquake and the increasing trend of earthquake rate, had a similar pattern of the occurrence in other countries when
analyzing earthquake prediction with the artificial neural network model. (2) The input variables were obtained from the
Gutenberg-Richter equation, which is the most input variables to be considered. The most popular output variable for
earthquake prediction is the earthquake’s magnitude. (3) The architectural structure design of the model mainly used
Feed Forward Neural Network with Back Propagation learning. The number of hidden nodes with good performance

is the ANN model with two hidden layers, also the number of hidden nodes depends on the input variables of ANN.
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Table 1 ANN models for earthquake prediction based on structured earthquake catalogues
Input Variables Output Variables
Ref. Architectural
Structure Time  Location  Magnitude  Deep Gutenberg- Other Evidence  Time  Location  Magnitude  Possibility
Richter

[8] RNN v v v

[111  FFNN J J

[20] RNN v v v

[24]  FFNN J J J

[26]  FFNN,RBF,RNN J v

[27] FFNN J J J

[28] FFNN J J

[29] FFNN J J J J

[33] FFNN,RNN v v

[35] FFNN J v

[37]  FFNN,RNN J v

[39] FFNN v v v
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Abstract

This research compared the factors influencing decision making on non-motorized transportation (walking and
bicycling) traveling inside the university areas in Chiang Mai from the travelers’ and the experts’ view. The study
process was divided into four steps; (1) interviewing the travelers using the factor ranking technique and the experts
using the pairwise comparison technique, (2) analyzing the exploratory factors from the travelers’ data, (3) evaluating
the decision making factors by analytical hierarchy process structure, and (4) comparing both results and finding
conclusions. It was found that both evaluation results were similar in some factors such as safety and design standards,
transportation networks, and facilities. However, the experts suggested focusing on policy and management factors

that were different from the travelers’ requirement.
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Table 1 Population and Travelers’ Interview
University in Chiang Mai University Students** Staff** Samples Male Female
Size* (persons:%) (persons:%)
Chiang Mai University Large 37,000 2,500 470 183: 39% 287: 61%
Maejo University Medium 16,000 1,000 427 167: 39% 260: 61%
Rajamangala University (Lanna) Medium 13,000 650 113 45: 40% 68: 60%
Payap University Medium 6,000 400 260 104: 40% 156: 60%
Chiang Mai Rajabhat University Medium 5,200 500 - - -
North-Chiang Mai University Small 2,400 250 - - -
National Sports University (CM) Small 1,800 150 - - -
The Far Eastern University Small 1,700 150 - - -
Total 83,100 5,600 1,270 499: 39% 771: 61%

* Size according to budget and area size, which are modified from the classification of the MAU

** Estimated by the researcher as of the 2017 academic year
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Table 2  Experts’ Interview
Expert’s Group Experts Age Experience
(Year) (Year)
Chief Executive or Manager 4 53.1 27.0
Engineering 7 43.3 15.2
Architecture & Environment 7 45.8 221
Economics 1 37.0 12
Science 2 46.0 21.5
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Abstract

This research developed a simple light pipe from using a Fresnel lens as a light source to supply natural light to a light
pipe made of a zinc sheet. The objectives of the study were to (1) find the best focal length or focal distance of the
Fresnel lens (size 28.5 cm x 28.5 cm), (2) the best range of the horizontal shaped tube, and (3) the light pipe was tested
actual use with a 1 m? simulation room. The results showed that the optimum focal distance of the Fresnel lens was in
the range of 15 to 20 cm with the luminance between 339 and 553 Lux. The best horizontal distance of the light pipe
requires that mirrors be installed in the bend of the light pipe so as to reflect light. The optimum length was 200 cm with
the luminance is 292 Lux. The results from the actual test with the simulation room indicated that the installation of the
LED lamps increased the potential of the light pipe to be able to apply in the buildings or outside the buildings. Appropriate
illumination for the light pipe was approximately 400 Lux. The study indicated that a light pipe could save electricity

of 18.5 kWh/year, and the payback period of the light pipe is around 10.8 years.

Keywords: light pipe, Fresnel lens.
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(c) Solar power meter

(e) Mirror

(g) Solar cell

J Sci Technol MSU

(b) Lux/Light meter

(d) Zinc sheets

(h) LED Lamp

Figure 2 Tools and equipment
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Table 2  lllumination (Lux) at different heights
High (cm) lllumination (Lux)
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10 190
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30 91
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40 28
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Table 3  lllumination (Lux) at different heights (with and without mirror)
lllumination (Lux)
Length (cm)
Without mirror With mirror
50 224 268
100 236 280
150 249 286
200 253 292
250 198 246
300 173 234
350 148 226
400 132 198
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Figure 7 (a) Luminance and efficiency of light pipe, and (b)
Outside and inside solar radiation (Without LED lamp)
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Figure 8 (a) Luminance and efficiency of light pipe,
and (b) Outside and inside solar radiation (With LED lamp)
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Abstract

Musculoskeletal disorders of worker in the silk weaving professions have become a significant problem affecting
production effectiveness. This study explores the prevalence rate and factors affecting musculoskeletal disorders of
150 members of the silk weaving profession in Chaiyaphum province. The data was collected by using questionnaires
applied from the Standardized Nordic questionnaire and the musculoskeletal disorders evaluation form developed
by The Department of Disease Control. The data was analyzed in statistic descriptive and binary logistic regression.
The results revealed that 100% of silk weaving professionals had problems with muscle aches mostly affecting their
feet, ankles, bottoms. Lower back pain and knee pain were reported at 98.00 % and 96.67% respectively. Factors
affecting the musculoskeletal disorders were 1) the body mass index, 2) the exertion to press or squeeze objects
during weaving, 3) the exertion of twisting their bodies back and forth during weaving, 4) duration of weaving time per

day, 5) the continuous bending down of their heads to work, 6) the age of the workers.

Keywords: musculoskeletal disorders, weaving, ergonomics
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Table1  Work data of the members of the silk weaving group in Chaiyaphum Province
Age BMI Working working Break time Number of Pedal force Silk length
(Years) (kg/m?) time time (Minutes work days (Pounds per per day
(year) (Hours per per day) (Days per time) (Millimeters)
day) week)
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Table 2
station. (n=150)

Factors affecting musculoskeletal disorders of workers in
the silk weaving professions in Chaiyaphum province

Occupational health and safety information of members of the silk weaving group in the silk weaving work

Factors Number of members Percentage
The frequency of muscle aches
1. Muscle aches every day 115 76.67
2. Muscle aches 3-4 times a week 24 16.00
3. Muscle aches 1-2 weeks at a time 1" 7.33
4. Muscle aches 1 time per month 0 0.00
5. Muscle aches 1-5 times per year 0 0.00
The effect of muscle aches from silk weaving
1. Muscle aches from the previous day 109 72.67
2. No muscle aches 41 27.33
Reducing muscle aches
1. Taking a break for 5-10 minutes 124 82.67
2. Taking a break for 1 day 21 14.00
3. Taking a break for 2-3 days 5 3.33
4. Taking breaks for 4-5 days 0 0.00
Treating of muscle aches
1. Massage with medicine 137 91.33
2. Going to the doctor 13 8.67
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Table 3  The prevalence of skeletal and muscular disorders (n=150)
7 days 1 year
Data Frequency Percent Frequency Percent
Neck 26 17.33 25 16.67
Left shoulder 90 60.00 94 62.67
Right shoulder 90 60.00 93 62.00
Upper back 142 94.67 141 94.00
Left upper arm 57 38.00 60 40.00
Right upper arm 61 40.67 59 39.33
Left elbow 114 76.00 115 76.67
Right elbow 114 76.00 116 77.33
Lower back 147 98.00 146 97.33
Left lower arm 124 82.67 123 82.00
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Table 3  The prevalence of skeletal and muscular disorders (n=150) (cont.)
7 days 1 year
Data Frequency Percent Frequency Percent
Right lower arm 97 64.67 98 65.33
Buttocks and hips 150 100.00 150 100.00
Left hand and wrist 90 60.00 92 61.33
Right hand and wrist 99 66.00 98 65.33
Thigh 76 50.67 78 52.00
knee 145 96.67 145 96.67
calf 76 50.67 75 50.00
Foot and ankle 150 100.00 150 100.00

a 6 o ™ [ 1
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Table 4  Factors affecting skeletal and musculoskeletal disorders (n=150)

Factors Crude OR Adjusted OR p-value
Age (Years) 1.929 4.928 0.049*
BMI (kg/m2) 1.162 2.140 0.032*
Working time (year) 1.182 1.168 0.174
Working time (Hours per day) 2.856 4.841 0.046*
Break time (Minutes per day) 1.030 1.029 0.269
Number of work days (Days per week) 0.918 0.903 0.697
Complete or focus work for 3-5 minutes during weaving 1.155 1.010 0.990
Sitting for more than half of work time without changing posture 0.374 0427 0.208
Weight down on one side of the body 0.368 0.381 0.155
Reaching above the shoulder to pick up or hold the material 0.302 0.404 0.493
The exertion of twisting their bodies back and forth during weaving 1.468 4.515 0.041*
The continuous bending down of their heads to work 2.785 3.824 0.048*
Repetitive raised neck or back during weaving 0.772 0.733 0.642
Hands or arms working in repetitive movements (at least 30 minutes) 1.137 2.241 0.070
The exertion of pressing or squeezing objects during weaving 3.536 5.549 0.036*

Constant 0.640
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Abstract

Monitoring and quantifying suspended sediment concentration (SSC) along rivers provides important information
for reservoir management. Traditional monitoring based on in-situ sampling and measurement of SSC in rivers is
expensive and time-consuming to perform. The objective of this study was to use spectral information provided by
remote sensing from Sentinel-2 images in combination with machine learning to estimate the SSC of a river in the Lam
Pao basin. Three machine-learning regression algorithms (Multiple Linear Regression, Deep Learning, and Support
Vector Machine: SVM) were evaluated and a suitable model was created to estimate the SSC of the river. The results
show that the Support Vector Machine model gave the most balanced results, with the lowest RMSE values and a
high statistical correlation (R*°0.863; RMSE=11.9) for the whole range of SSC (0 to 90 mg/l) measured at this station
during the studied period. The methodology presented in this study can be used as a guideline for the combination of
machine learning with Sentinel-2 images for estimation of the SSC other rivers, although some factors require further

study to improve the accuracy of SSC estimation.

Keywords: Remote sensing, Sentinel-2 data, Suspended Sediment Concentration (SSC), Machine learning
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Figure 1 Location of the gauging station and measuring SSC data in this study

Table1  Table showing suspended sediment data collection points in the study area.
No. Station River Location Longitude Latitude
1 E.65 Lampao Ban Tha Hai, Si That District, Udon Thani Province E103 10 04.1 N16 57 06.0
2 E.67 Lam Phan Chad Ban Tha Ngam, Kham Muang District, Kalasin Province E103 29 48.0 N16 57 09.0
3 E.76A Huai Sang ka Ban Phon, Kham Muang District, Kalasin Province E103 35414 N16 51 38.4
4 E.90 Huai Sangkeb Ban Nong Yang Nuea, Kham Muang District, Kalasin Province E103 38 54.0 N16 46 20.0
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Table 2  Four different case studies of sentinel-2
imagery data and spatial resolution in this
study.

Case Band Spatial Resolution
Band 2, Band 3, Band 4,
1 Band 8 10 m.
Band 5, Band 6, Band 7, Band
2 8A, Band 11, Band 12 20 m.
Band 2, Band 3, Band 4, Band
3 5, Band 6, Band 7, Band 8, 10 m.
Band 8A, Band 11, Band 12
Band 2, Band 3, Band 4, Band
4 5, Band 6, Band 7, Band 8, 20 m.

Band 8A, Band 11, Band 12
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Table 3  Regression results from three machine learning algorithm indicating P<0.05 N=134.
Model Case 1 Case 2 Case 3 Case 4
R’ RMSE R? RMSE R’ RMSE R’ RMSE
Generalized Linear Model 0.545 19.2 0.470 23.2 0.592 18.8 0.644 16.5
Deep Learning Model 0.242 26.6 0.227 276 0.570 22.1 0.532 226
Support Vector Machine 0.646 18.8 0.573 20.3 0.863 11.9 0.782 12.3
015
0121 0113 0110 0.110
0.098 0.086
- 010 : 0.079
=
i) 0.049
S 0.05 0.040 0.022
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0.00 [ |
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Band

Figure 3 The weight coefficients of the spectral band (Case 3) included in SVM.
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Abstract

This study is qualitative research performed by collecting, examining and analyzing data regarding the use of medicinal
plant formulas to treat skin disorders. Data was collected from the Palm Leaf Manuscripts of Sakon Nakhon Province,
which have been translated in 33 copies, together with the use of semi-structured interviews and focus group
discussion form with key informants. The results revealed two groups of skin disorders (i) abnormalities of the skin
and tissue group and (ii) exanthematous fever group. A total of 22 diseases, along with 415 formulas used to treat
these illnesses were collected and classified. The most frequently mentioned uses were the treatment of dermatitis
(63 formulas). The study found, 454 medical materials including animals (48 species), minerals (17 types) as well as
389 medicinal plants (385 plants and 4 mushrooms species). The medicinal plants mostly have bitter flavor (31.44%)
and aqueous adjuvant are mostly rain water. Most of the medications were prepared by rubbing on stone (48.30%)
and preparations are mostly administered orally (57.18%). The study indicated acquired knowledge of skin disorder
treatments arising from the experience of the healer or passed down through generations. This knowledge has practice
guidelines for the treatment of each type of skin disease with the use of medicinal plants followed the diagnosis of the

causes and symptoms of the disease.

Keywords: Folk medicine, Skin disorders, Medicinal plants, Palm Leaf Manuscripts
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Table 1 Comparison of skin disorders recorded in Palm Leaf Manuscripts
Diseases name recorded in Comparable to trad1i:ional Comparable to . Acronym
Palm Leaf Manuscripts Thai medicine modern medicine
Abnormalities of the skin and tissue group
Fee Fee Abscess Ab
Fee hua kwum Fee hua kwum Abscess without apex Aw
Fee sam bai Fee pluad Cysts Cy
Fee pa ak Fee fak bua Carbuncle Cb
Siw hua chang Siw Cystic acne Ca
Kak Klak pan ra nai Ringworm Ri
Kuen Kluen Pityriasis versicolor Pv
Bad hue Phlae Wound Wo
Huen Ruen Leprosy Le
Huen kwang Ruen mun nok Psoriasis Ps
Khi mo Kod cha rad Yaws Ya
Hid Ruen hid Scabies Sc
Ok tum ok kai Phuen kan Dermatitis De
Exanthematous fever group
Ok ngain Khai gala nok nang an Meningococcal meningitis Mm
Ok had Khai had Measles Me
Ok hued Khai hued Rubella Ru
Ok fai lam kon Khai fai lam thung Erysipelas Er
Ok pan dum pan daeng Khai pan dam pan daeng Hemorrhagic fever Hf
Ok dam daeng Khai idam idaeng Scarlet fever Sf
Ok suk sai Khai suk sai Chickenpox Ch
Ok mak suk Khai thora phit Smallpox Sx
Wad Khai ngu sa wad Herpes zoster Hz
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Skin disorders

!

Find out the causes and

symptoms for diagnosis

!

Treatment planning

l

l

Abnormalities of the skin
and tissue

Exanthematous fever

!

!

— Treatment methods

Treatment methods -

Internal drug

l—> Orally

External drug

Internal drug

l—> Orally

External drug

Unguent Unguent
Wash Bathe
Poultice Squirt
Fumigation Poultice
Fumigation
> Evaluation D
Better/Get well Not better

!

Discontinue treatment

!

Change medication

Figure 1 Practice guidelines for treatment of skin disorders

recorded in Palm Leaf Manuscripts.
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Table 2  Important medicinal plants formulas recorded in the Palm Leaf Manuscripts.
Category Plants species / Family / Collector No. Local name Parts Code Preparation and application
No. Used/ Habit No.

Ab-1 Panicum repens L. /Poaceae /CS125 Ya wai R/G A1 Use the equal A1-A3 are rubbed
Amphineurion marginatum D.J.Middleton / Deu din R/C A2 on stone, dissolves with water
Apocynaceae /CS148 and taken orally.

Ab-2 Aporosa villosa (Lindl.) Baill. /Phyllanthaceae Meud lot R/ST A3 Use the equal A4 and A5 are
Antidesma bunius (L.) Spreng. /Phyllanthaceae ~ Mao dong R/ST A4 rubbed on stone, dissolves with
Ficus hispida L.f. Moraceae /CS133 Deu pong R/IST A5 water and taken orally.

Ab-3 Zingiber officinale Roscoe. /Zingiberaceae Khing Rh/H A6 Use the equal A6-A8 are