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Research Article

Effect of Hydrothermal Processing on Carotenoids, Tocopherol, Fatty Acids

and Oxidative Parameters of Palm (Elaeis guinensis Jacq) Oil

Israel O. Otemuyiwal*, Emmanuel T. Eyinlaz, Damilola Adewoye® and Olumuyiwa S. Falade*
134 Department of Chemistry, Obafemi Awolowo University, Ile-Ife, Nigeria

® Department of Human Nutrition and dietetics, University of Ibadan, Nigeria

ABSTRACT

The study investigated the impact of hydrothermal processing on carotenoids, total tocopherol, fatty acids and oxidative
changes in palm (Elaes guinensis) oil. The palm oil sample was subjected to 100 min hydrothermal treatments: boiling (oil with
water), stir-frying (frying oil alone) and batch food frying (frying plantain in oil) as done in home cooking and in each of the
operation, sample of oil were withdrawn at interval of 20 min and kept for analysis. The oil sample obtained from each operation was
analysed for chemical parameters using standard methods, fatty acid profile by gas chromatography, carotenoids and tocopherol by
spectrophotometric and colorimetric method, respectively. The results showed that B —carotene and tocopherol decreased by 55 % and
20 %, respectively within 2 min and then decrease became gradual as frying and boiling time is increased. The peroxide values
recorded in stir-frying and boiling increased from 6.8 to 95.2 and 8.5 to 118 meq/kg, and thiobarbituric acid values from 9.5 to
18.9 and 2.2 to 5.4 TBA value/kg, respectively. In batch frying, free fatty acid, acid value and peroxide value decreased from 0.93
to 1.42, 1.85 to 2.82 and 9.48 to 33.2 meq/kg, correspondingly. Tocopherol and carotenoid decrease from 2.7 to 1.15 mg/g and
6.6 to 1.8 ng/g respectively. The saturated and monosaturated fatty acid contents increased with reduction of polyunsaturated fatty
acids while trans fatty acid was found to be formed as frying time increased. The study revealed that hydrothermal treatment of palm
oil could lead to loss of lipophilic vitamins and essential fatty acids with formation of trans fatty acid and oxidative products that could
lead to deterioration of the oil. Hence, repeatedly used vegetable oil should be constantly analysed as it may be detrimental to nutrition

and health of consumers.

KEYWORDS: Hydrothermal, carotenoids, tocopherols, fatty acids, peroxide value
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1. INTRODUCTION properties. Therefore, there is the possibility that palm

Palm (Elaes guinensis Jack) oil is one of the major oil could offer some health advantages by reducing

edible plant oils used for culinary purposes in the oxidative stress and free radical induce diseases,

T S
tropical countries especially West and Central Africa cognitive impairment and Alzheimer’s disease (van-

(Wattanapeupaiboon and Wahlgvist, 2003). In Rooyen et al., 2008).

Nigeria, it is traditionally produced in high quantity and During food preparation, palm oil is subjected to
at affordable price; it is used for seasoning foods and either boiling or stir-frying processes otherwise known
also in deep frying. Palm oil has been reported to be s hydrothermal processes. During the process of

free from trans- fatty acids because its production does ~ Tying, the oil is repeatedly used and as a consequence
not involve industrial processes such as hydrogenation of reheating of the oil, hence, a variety of chemical

(Wiege, et al.,, 2020)). Red palm oil has been reactions occur which led to a spectrum of chemical

identified as the richest source of B-carotene _a changes. The oil undergoes various physical reactions

precursor of vitamin A, in addition to its high content such as formation of foam, increased viscosity,

of phytonutrients which exhibit unique antioxidant darkening of colour and deterioration of flavour. These

changes may affect the organoleptic qualities such as
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the odour and taste, and also the nutritional value of the
fried foods (Xin-Fang et al., 2012). Also, processed
oil undergoes three deleterious chemical reactions: such
as hydrolysis caused by water, oxidation and thermal
alteration caused by oxygen and heat (Aladedunye et
al., 2017). Decomposition products are also formed as
a result of reactions between food ingredients and oil
shelf life

affecting products’ flavour and

(Dobarganes et al., 2000).

taste,

The presence of natural antioxidants such as (X -
tocopherol, tocotrienol and B—carotene in palm oil
could prevent lipid peroxidation by acting as peroxyl
radical scavengers that terminate the chain reactions.
These antioxidants could have their concentrations
affected by hydrothermal processing during food
preparation; in fact, many scientific evidences have
shown that these natural antioxidants are preferentially
destroyed during frying (Daugan et al, 2011)

Apart from home cooked fries, it is a common scene
on the highway and street roads to see people hawking
assorted fried foods like bean cake (akara), plantain
chips, yam and potato chips, fried fish and meat, buns,
doughnut etc. The oil employed in the preparation of
these food items is often used repeatedly, and on many
occasions, more oil is added to the cooking vessel when
the level is going down in order to increase the volume
and probably to maintain the colour of the oil so as not
to affect the sensory properties of the food.

Few research reports exist on the chemical and
nutritive value of fried foods, however not much was
reported on lipophilic vitamins and quality of the oil
especially during repeated usage. Therefore, the
objectives of this study were to simulate hydrothermal
processes in food preparation using palm oil and
evaluate the effects of the process on the fatty acid, total
tocopherol and carotenoids, as well as chemical

composition of repeatedly used palm oil.

2. MATERIALS AND METHODS
2.1 Sample and sample preparation
Freshly processed palm oil sample was collected in

a sterilized five litres plastic container from local Palm

oil processing plant and of ripe plantain was obtained
from local market in Osu, Osun State, Nigeria.

2.2 Hydrothermal Treatment of Palm Oil

No treatment: The fresh palm oil sample was taken
for analysis without thermal processing

Stir — frying treatment: The sample of oil (500 g)
was poured into the stainless-steel frying pan and
placed on hot plate and heated to 100 oC to mimic the
frying process. When the temperature of both systems
reached 100 oC, 5.0 g portions of the oil were
withdrawn at intervals (0 to 100 min) while stir-frying
continues

Boiling Treatment: The sample of oil (500 g) was
poured into 1.0 L stainless steel saucepan and distilled
water (10 ml) was added and then boiled to 100 oC.
This mimics the traditional cooking process. 5.0 g
portions of the oil were withdrawn at intervals (O to
100 min) while the boiling continues.

Batch frying treatment:

Frying oil without plantain: The portion of oil
sample (500 g) was placed in frying pan placed on an
electric stove; the oil was heated for 10 min at 170 oC
without plantain and 20 g of the oil was withdrawn for
analysis.

Batch Frying of plantain in palm oil: Sliced
plantain (400 g batch) was introduced into the hot oil
maintained at 170 oC and fried within 5 min, fried
plantain was removed and 5.0g oil was withdrawn from
frying pan. The oil was allowed to cool to 100 oC and
then heated to 170 oC, the frying of plantain was
repeated until 12th batch frying, sample of oil were
withdrawn at 4th, 8th and 12th batch frying.

The samples of oil withdrawn during the processes was
added 1% butylated hydroxylanisole (BHA) and kept
for further analysis.

2.3 Analytical procedures

Determination of Pro Vitamin A Carotenoids

Carotenoid content of the oil was determined by
open column chromatography / visible absorption
Spectrophotometric method of AOAC, method 970.64
(AOAC 2000). To the sample, 20 mL of cold acetone

was added with constant shaking in a separating funnel
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then 20 mL of petroleum ether (boiling point 60 -6 8
oC) was added to extract the carotenoids in the acetone
layer. The ether extract was collected, and the process
was repeated until the acetone layer was devoid of
colour. The ether extract was pooled together and
washed with distilled water to remove excess acetone
and dried over anhydrous sodium sulphate. The dried
ether extract was concentrated in a rotary evaporator
under vacuum at 300 C, transferred in to 25 ml standard
flask and made to the mark with petroleum ether (Pet
ether). Ether extract (5.0 ml) was chromatographed on
a magnesium oxide: Hyflo Supercel (1:2) column
(15mm i.d x 15cm long). The following fractions were
eluted from the column using 10 ml each of the eluting
solvents: (X — carotene was eluted with 1.0 % acetone
in Pet ether, B — carotene with 5.0 % acetone in pet
ether and cryptoxanthin with 10 % acetone in pet ether.
Each of the fractions collected above was placed in to
25 ml standard flask and diluted to volume with Pet
ether.  Absorbance of each fraction was scanned
between 350 and 53 0 nm using Pye Unicam
Spectrophotometer (Pye Unicam Ltd, UK).

carotenoids

The concentrations of the were

calculated using following extinction co-efficient: (-
carotene (2640), B—carotene (2480) and cryptoxanthin
(2460) as described by Klein and Perry (1982). The
pro-vitamin carotenoids were converted to international

unit (retinol equivalent) by taken 1.0 I.U. as equivalent

to 0.6 g B—carotene or 1.2 |lg of both (- carotene
and cryptoxanthin (NAS-NRC, 1980).

Total carotenoid (Llg / g) = A, X volume (ml) x 10 (1)

E'”, .. x sample weight

Determination of Tocopherol
The total
Colorimetric Method (AOAC, 2000) method 971.30.

tocopherol was determined using
To 5.0 g of oil sample was added 20 mL ethanol and
the mixture was placed in water bath at 85 oC for 30
min. Tocopherol was extracted from the mixture with
10 mL petroleum ether. The ether extract was kept for
analysis. The standard curve was prepared by taking 5
— 50 |lg tocopherol through the procedure outlined for
the sample. To the sample extract, the standard and the

blank was added 1.00 mL of bathophenanthroline

solution, 0.5 mL FeCl3 and 0.5 mL H3PO4 and the
absorbance measured at 534 nm. Total tocopherol
content was extrapolated from the standard curve and
I.U potency was calculated using conversion method
that 10 I.U = 4.5 mg ({-tocopherol.

Chemical characteristic of the oil

The acid value, free fatty acid, peroxide value and
thiobarbituric acid value were determined by AOAC
(2000) while fatty acid profile was analyzed using Gas
Chromatography (GC-FID).

Determination of Acid Value and Free Fatty Acid

The acid value and free fatty acid content were
determined by AOAC, (2000) method 940.28. The
oil sample (0.2 g) was dissolved in 10 mL ethanol and
titrated with 0.1M  NaOH  solution  using
phenolphthalein indicator until pink colour disappeared.
The acid value and the percentage fatty acid were

calculated from the expression below:

56 x molarity of NaOH x titre value (2)
weight of oil
% Free FattyAcid as Oleic acid = 0.503 x Acid Value

Acid Value =

Determination of Peroxide Value (PV)

The oil sample (5.0 g) was weighed into a 250 mL
conical flask, dissolved with 30 mL solvent mixture
containing 12 mL chloroform and 18 mL glacial acetic
acid. Saturated aqueous potassium iodide solution (0.5
mL) was added; the flask was stoppered and allowed to
stand for one min. Thereafter, 30 mL of distilled water
was added and the solution was titrated against 0.1 M
sodium thiosulphate solution until the yellow colour had
almost disappeared. At this point, starch solution (0.5
mL) was added and the titration continued until the
blue-black colour disappeared. The same procedure
was carried out for a ‘blank’ determination, where the
oil sample was excluded. The peroxide value was

calculated from the expression below:

Peroxide value (meq/kg) = M x (S - B ) x 1000 (3)
Weight of oil (g)

where; meq/kg = milliequivalent peroxide/kg sample; S = Titre value (mL)
of sodium thiosulphate for sample; B = Titre value (mL) of sodium

thiosulphate for blank; and M = Molarity of sodium thiosulphate solution

Determination of thiobarbituric acid value
The heat-treated oil samples (200 mg) were

weighed separately in triplicate into 25 mL standard
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flask. Little butanol was added to dissolve the oil
sample; the solution was then made up to the mark with
butanol. The solution (2.5 mL) was then pipetted into
a test tube with stopper. To the pipetted solution was
added 2.5 mL of thiobarbituric acid reagent and the
solution was mixed thoroughly. The test tube with its
content was then placed in a boiling water bath for 2 h.
After boiling, the solution was allowed to cool down
and its absorbance taken along with blank (2.5 mL each
of butanol and thiobarbituric acid mixed together and
boiled for 2 h) at 530 nm using distilled water to zero
the UV spectrophotometer.

The TBA value was calculated using the equation given

below:
TBA value = 50 x (A-B) (4)
m
A= absorbance of the test solution; B= absorbance of the blank;
and m = mass in mg of the sample.

Statistical Analysis

Statistical analysis was carried out by the use of
Microsoft Excel Statistical Packages (Microsoft
Corporations, USA) and Graph-Pad Instat - 3 Packages
(Graph Pad software Inc, USA). Analysis of variance
was used to compared the values. The results were
presented as mean and standard deviation. P-value <

0.05 was considered not significant.

3. RESULTS
3.1 Stir-frying /boiling processes

The effects of hydrothermal processing on the
carotenoid content of palm oil were presented in Figures
1 and 2. The stir — frying process (without addition of
water) was found to cause a drastic reduction in the
level of carotenoids within 2 min of frying. The
percentage reduction (Figure 1) of O{—carotene, B—
carotene and cryptoxanthin were 40, 80 and 89 %,
respectively. The boiling process (with water) showed
a lesser extent of carotenoids degradation compared to
stir frying process.

The effect of the heat treatments (boiling and stir-
frying) was monitored on the levels of B—carotene
alone over a period of 100 min and the results were

presented in Table 1. The observed drastic reduction of

B—carotene within 2 min of heating at 100 oC was

confirmed. The percent reduction of B —carotene was
25 % nder stir-frying process and 18 % in boiling

process. This showed that B — carotene was more stable

60

> 50
2 40 _._a-carotene
2‘3 30 - [ - carotene
g 20 cryptoxanthin
2
2 10 —_
o -~
(&) 0

0 2 4 [ 10 12

Time (min)

Figure 1 Effect of stir-frying the Carotenoids content of palm oil.

" g-carotene
" B-carotene
—*~ cryptoxanthin

Carotenoid content

6
Time (min)

Figure 2 Effect of boiling on the Carotenoids content of palm oil

when palm oil was cooked with water as against its
rapid degradation when palm oil fried. The vitamin
activity measured as retinol equivalent is also more
affected by heating of the oil in absence of water.

The effect of hydrothermal treatment on tocopherol
(Table 1) showed the same trend of rapid deterioration
as observed for carotenoids, the percentage reduction in
the tocopherol content due to stir frying and boiling
processes were 51 % and 36 %, respectively within 2
min of treatment. Heating caused reduction in the
tocopherol content of the oil, this is seen from the fresh
oil which has a value of 11.87 mg/g but decreased to
2.06 mg/g at 100 min for the stir-frying process, and
from 12.36 mg/g to 2.66 mg/g at 100 min for the
boiling process.

The thiobarbituric acid value and peroxide value
which are measure of chemical deterioration of the oil
were presented in Table 2. The TBA value increased
from 9.49 to 18.94/kg for time zero and 100 min in
the stir-frying process, whereas for the boiling process,
the value increased from 2.23 to 7.54 TBA value/kg
within 20 min of boiling and then decreased thereafter
up to 60 mins, at the end of the heat processing, the

TBA value was 5.04 TBA value /kg. The peroxide.
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Table 1 Variation of B—Carolene of Palm oil due to hydrothermal processing

Time(min) B— Carotene (pg/g) Retinol (pg/g) Total tocopherol (mg/g)
Stir-fry" Boiling® Stir-fry* Boiling” Stir-fry® Boiling’
0 60.4 + 0.06" 60.8 + 0.12° 100 +0.11° 100 + 0.05" 11.87 +0.13° 12.36 + 0.15°
0.5 55.3 +0.03" 60.1 +0.13" 92.1+ 0.04" 100 + 0.2 6.97 +0.14° 7.96 + 0.08"
1.0 52.8 +0.18" 55.3 + 0.05" 88.2 + 0.30" 92.2 + 0.08" 6.40 +0.10° 7.24 +0.02°
1.5 50.6 + 0.04" 53.5 +0.13" 84.4 + 0.05" 89.2 £ 0.2° 5.84 + 0.05" 6.75 + 0.04"
2.0 45.4 +0.4° 49.7+0.07" 75.7 + 0.6" 82.8 +0.1° 5.38 +0.10" 6.32 +0.15"
20 44.2 +0.03" 46.6 + 0.20" 73.6 + 0.06" 77.6 £0.3" 4.98 +0.11° 5.51 +0.16"
40 40.8 £0.2" 44.1 +0.07" 68.1 + 0.3 73.5 +0.1° 4.36 +0.01° 4.86 + 0.06"
60 37.4 +0.03" 39.9 + 0.05 62.4 + 0.06" 66.6 + 0.08" 3.51 +0.07° 3.93 +0.07°
80 35.1 +0.04" 36.7 + 0.2 58.5 + 0.05" 61.1 +0.3" 3.04 + 0.09" 3.41+0.19"
100 32.4+0.1° 34.0 + 0.05° 53.9 + 0.3 56.7 + 0.08" 2.06 + 0.08" 2.66 + 0.16"
Values are mean + SD of triplicate analysis.
1, 2, 3 values across the table with the same superscripts were not significantly different at P < 0.05.
Table 2 Variation of Peroxide value and thiobabituric acid value in hydrothermal processed palm oil
Time (mins) Peroxide (meq /kg) TBA g / kg
Stir-frying1 Boiling1 Stir frying2 Boiling2
0 6.8 + 0.9 8.5 + 0.00° 9.5+ 0.31" 2.20 £ 0.7
0.5 13.5 £ 0.0 23.2 + 2.8" 10.9 £ 0.2° 4.52+0.3"
1.0 16.8 + 2.8 30.2 + 2.8" 11.7 £ 0.3 5.60 + 0.4
1.5 23.5 + 0.0 33.5 + 0.0 12.3 £+ 0.3 6.94 +0.4°
2.0 28.5 +0.0" 45.2 + 2.8" 12.8 +0.2° 7.23 0.4
20 40.2+2.8°" 60.2 + 2.8" 13.6 + 0.16° 7.54 +0.9"
40 51.8 +0.7" 76.8 + 2.8" 14.3 £ 0.2° 6.05 + 0.7
60 65.2 +5.7" 88.5 + 0.0 16.9 + 0.4° 5.64 + 0.7
80 78.5 +0.00° 105.2 + 2.8° 18.2 + 0.4° 7.59 +0.8"
100 95.2 £ 5.7° 118.5 + 0.0 18.9 + 0.3 5.04 + 0.2
Values are mean + SD of triplicate analysis.
1, 2 values across the table with the same superscripts were not significantly different at P < 0.05.
Table 3 Variation of carotenoids, tocopherol, retinol activity and chemical parameters in batch fried oil
0 min 10 min 40 min 70 min 100 min
Processing Time Heating without food
Heating (4" batch) (8" batch) (12"batch)
Acid value 1.85 +0.01° 1.90 +0.01° 2.16 + 0.02° 2.40 + 0.01° 2.82 + 0.02" 2.96 + 0.02°
Free fatty acid 0.93 + 0.01° 0.96 +0.01° 1.1 £0.02° 1.21 +0.02° 1.42 +0.02° 1.49 +0.02°
PV (meq/kg) 9.48 + 0.06° 9.5+ 0.02° 11.8 +0.02° 14.2+0.07° 33.2+0.08"° 42.7 + 0.06°
Tocopherol (mg/g) 2.7 £ 0.0 2.5 +0.03" 1.7 £0.01°¢ 1.6 + 0.02° 1.15 £ 0.08° 0.9 £0.01"
Carotenoid (|lg/g) 6.6 + 0.1 6.0 +0.1° 5.5+0.1° 2.3+0.09¢ 1.8 +0.03° 1.3 +0.07"
11.0 £ 0.1° 10.1 £ 0.2° 9.3+0.08° 3.7 +0.02° 3.05 +0.01° 2.2 + 0.04'

RAE (Ug/g

value also increased from 6.83 to 95.17 meq /kg
and 8.5 to 118 meq / kg in stir-frying and boiling
processes, respectively, boiling process recorded
significantly higher value.
3.2 Effect of batch frying
As observed for stir-fried and boiled oil, batch frying
impact negatively on the content of both tocopherol and
carotenoids. From Table 3, the tocopherol content of
palm oil was 2.72 mg/g, batch frying (12th cycle)

decreased the content to 1.15 mg/g (42 % loss). Also,

carotenoid decreased from 6.62 to 1.83 ug/g (72.4 %
loss) after 12th cycle. Acid value, free fatty acid and
peroxide value increased from 1.85 to 2.82 mg
KOH/g (152 %), 0.93 to 1.42 (132 %) and 9.48
to 33.21 meq / kg (350 %), respectively, after 12th
cycle of batch frying, Fatty acid profile (Table 4), the
percentage saturated fatty acid (SFA), mono
unsaturated fatty acid (MUFA) and poly unsaturated
fatty acid (PUFA) were 16.36 %, 27.35 9%, and

52.82 9% , respectively in fresh oil, trans fatty acids
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(TFA), respectively in fresh oil, trans fatty acids (TFA)
were absent. Of the total saturated fatty acids, linoleic
acid accounted for 10.64 % whereas linolenic acid
(48.48 %) was the most abundant PUFA. Heating of
oil within 10 min caused formation of linoeladic acid
(C18:2 trans) (0.14 %), though the level decreased

when plantain is fried in the oil.

4. DISCUSSION

Hydrothermal treatments of vegetable oils have been
reported to adversely affect the chemical compositions
as well as the nutritive values of the food. The content
of carotenoid (a precursor of vitamin A) was found to
be markedly reduced by heat treatments; similar trend
of destruction was reported for lycopene when tomato
is subjectd to heat treatment (Norizzah, et al., 2014 ).
Carotenoids due to its high conjugated double bonds,
are prone to oxidation and geometric isomerization
when exposed to heat and oxygen (Cervantes-Paz, et
al., 2014; Flores et al., 2021). The polyene chain is
the cause of instability of carotenoids including their
susceptibility to oxidation and geometric isomerization.
Heat, light and acids promote isomerization of trans-
carotenoids to the cis-form (Amorim-Carrilho et al.,
2014).

Apart from the effect of conjugation of bonds in
carotenoids, lipids are well known to be susceptible to
oxidation reaction and as a result, natural antioxidant
such as B —carotene will deteriorate in the process of
defending palm oil. Sun et al., (2002) reported decrease
in the lipid oxidation with increase in water activity and
(Tannenbaum et al., 1985) observed that the stability
of carotenoids was parallel to that of unsaturated fatty
acids in a given food. The degradation of B—carotene
is of high health concern due to their dual purpose of
protecting human systems against oxidative stress
related diseases (Cilla et al., 2012), and useful pro-
vitamin A activity (Harrison, 2012). When the B—
carotene was converted in to retinol equivalent, stir—
fried / boiled palm oil showed a progressive reduction

in retinol content with time, an indication that methods

employed in food processing could significantly affect
the content of vitamin A content of plant foods

Vitamin A is necessary for normal vision, chronic
shortage of dietary vitamin A results in vitamin A
deficiency disease (VAD), the most specific clinical
effect of which is xerophthalmia and its various stages,
including night blindness. Though ecent health policies
have mandated the compulsory fortification of vegetable
oils with vitamin A.

Vitamin E is a strong antioxidant. All its isomers
(tocopherol and tocotrienols) possess good antioxidant
properties in vitro with tocotrienols being more potent
(Falade et al., 2017). The observed loss of total
tocopherol due to hydrothermal treatment of oil is in
agreement with the study of Holownia et al., (2001).
It has been observed that the decrease in total tocopherol
may not necessarily be as a result of degradation but
could result from it being used up while acting as
antioxidant in protecting the oil (Puah et al, 2007).
However, preferential oxidation of tocopherol has a
protective (antioxidant) effect which is particularly
important, since the majority of the frying oils are of
vegetable origin, showing great amount of unsaturated,
rapidly oxidized fats. This essential lipophilic nutrient
is well known for its role as a chain-breaking
antioxidant during lipid peroxidation, it protects
polyunsaturated fatty acids from oxidation (Vollhardt
and Schore, 2004 ) and are capable of inhibiting
cholesterol synthesis (Odia et al 2015).

The level of oxidative deterioration of the oil
monitored by the use of peroxide value (PV) and
thiobarbituric acid (TBA) value (Table 2) indicated
that both values increased but was more pronounced in
stir frying than in boiling. The only explanation for this
is that water could have prevented contact between
oxygen and the oil sample there by reducing the extent
of lipid oxidation, hence lower level of oxidative
products like malondialdehyde. Vitrac et al., (2000)
had earlier observed that steam acted as blanket over oil
and prevented oxygen — oil contact. The added water
could also play a role as a physical agent for “steaming
volatile oxidative

out” the products such as

malondialdehyde from the oil and enhancing their
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Table 4 Effect of frying on Fatty acid profile of vegetable oil (as % of the total fatty acids)

FATTY ACID Fresh oil Frying Point 4™ patch 8™ batch 12™ batch
10mins 40min 70min 100min
Saturated fatty acid
C8:0 ND ND 0.03 0.03 0.05
C12:0 0.18 0.16 0.20 0.20 0.19
C14:0 0.16 0.18 0.20 0.20 0.16
C15:0 ND 0.01 ND ND ND
C16:0 10.64 10.50 10.83 10.83 11.03
C17:0 0.06 0.08 0.12 0.12 0.09
C18:0 4.07 4.02 4.10 4.10 4.18
C20:0 0.47 0.46 0.45 0.45 0.49
C22:0 0.53 0.55 0.55 0.55 0.54
C24:0 0.25 0.29 0.23 0.23 0.28
Total SFA 16.36 16.24 16.8 16.8 17.01
Mono-unsaturated fatty acids
C16:1, cis 0.11 0.10 0.12 0.12 0.11
C17:1, cis 0.02 0.09 0.11 0.11 0.10
C18:1, cis 27.50 27.31 27.27 27.27 27.87
C20:1, cis 0.32 0.33 0.31 0.31 0.32
Total MUFA 27.95 27.83 16.81 16.81 17.01
Poly-unsaturated fatty acids

C18:2, cis 48.48 48.55 48.11 48.11 45.47
C18:3, cis 4.15 4.85 5.03 5.03 4.87
C20:2, cis 0.19 0.19 0.19 0.19 0.20
Total cis PUFA 52.82 53.59 53.33 53.33 50.54
C18:2, trans ND 0.14 0.05 0.05 0.10
P/S ratio 0.31 0.30 0.31 0.31 0.32

SFA: saturated fattyacids, MUFA: monosaturated fatty acids: PUFA: Polyunsaturated fatty acids, P/S: ratio of polyunsaturated to saturated fatty acid

evaporation thereby making it unavailable for reaction
with TBA. Also, the intermittent heating and cooling of
oils have been reported to cause higher deterioration of
oils than continuous heating due to increase in oxygen
solubility in the oil when the oil cools down after frying
(Chaves et al., 201 2).Peroxide value (PV) increases
with frying time, the PV values markedly increased
beyond 8th frying batch (33.21 meq / Kg), which
indicated that substantial lipid oxidation had occurred at
this point. Suleiman et al., (2006) reported increase in
the peroxide value of cottonseed oil, sunflower oil and
palm olein heated at 1800 C for 8 h. It is well known
that peroxide value is useful as an indicator of oxidation
at the initial stages. However, during frying the changes
in PV were not related to duration of frying but were
dependent on rate of formation and breakdown of
oxidation products. Another problem is that the
peroxides may increase after the sample is taken from
the fryer before analysis.

Butylated hydroxyl anisole

(BHA) an antioxidant was added to the oil immediately

after sampling. Siddique et al., (2010) mentioned that
a good quality vegetable oil should have a peroxide
value of lower than 2.0 meq / kg, though oil with
peroxide value less than 10 meq/kg is still regarded as
fresh oil whereas values between 20 and 40 meq/kg
result to rancid taste and offensive odour. The result of
acid value and free fatty acids indicated that the fresh
palm oil has an acid value (1.85 mg KOH/g) which is
within the value proposed for fresh vegetable oils
(Dorbaganes and Marquiz-Ruiz, 201 5). There was a
significant increase (2.82 mg KOH / g) at 12th batch
frying, this indicated that as the frying time is increased
so also the acid value. This increase can be expected
due to increased rate of hydrolysis since water is
introduced into the frying system by the raw plantain.
However, the increase though noticeable still falls
within the range of healthy edible oil, thus indicating a
substantial resistance to hydrolysis and other chemical
mechanisms which breakdown glycerides during frying.

The acid value and % free fatty acids provide
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information on the status of the vegetable oils, as they
show the extent of hydrolysis of triglyceride chains
(FAO/WHO, 1998). Acid value and % free fatty acids
are useful as chemical indicators for edibility of oil.

Fatty acid profiles (Table 4) indicated a progressive
decrease in the content of unsaturated fatty acids and
formation of trans fatty acids. For instance, the content
of linolenic acid (C18:2) progressively decreased from
48.48 % to0 45.47 % (6.28 %) at 12th batch frying, at
this point percentage reduction of PUFA was 4.32%
whereas SFA was increased by 4.0 % with increase of
4.95 and 2.709% in both stearic and palmitic,
respectively. However, there could be migration and
exchange of fatty acid between the oil and foods during
frying.

Formation of volatile compounds such as aldehydes,
ketones, dienes and acids during degradation of oils
induced by heating has been a major concern. Thermally
oxidized oil does not only create unpleasant flavor it
may also cause health challenges. Several articles have
established that thermoxidized oil produce adverse
effect such as mild enlargement of liver, spleen and
adrenals, induce oxidative stress and impaired
digestibility (Dorbaganes and Marquiz-Ruiz, 2015).
Since frying oil is absorbed by food, the findings of this
study would help us to recorgnize the point at which the
repeatedly frying oil should be discarded to maintain
optimum product quality and health of the consumers
because the quality of food products is directly

correlated to the quality of the frying medium (Wiege,

et al., 2020).

5. CONCLUSION

The findings of this study revealed among other things
that palm oil though rich in polyunsaturated fatty acids
(PUFAs), carotenoids and total tocopherol, however,
hydrothermal processing could lead to destruction of
these fat —soluble vitamins and formation of deleterious
compounds that could expose consumers to risk of
cardiovascular, chronic respiratory, neural and
degenerative diseases and certain cancer. Therefore, to

enhance adequate intake of the lipophilic vitamins and

essential fatty acids from palm oil, thermal treatment of

oil should be monitored.
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ABSTRACT

Traditional seafood-based product is one of popular cuisines in Thailand and easily susceptible to contamination of
pathogenic and spoilage bacteria, thereby representing a serious risk of foodborne infection. A novel effective alternative technology is
required for enhancing biosafety quality along with shelf-life extension of seafood products. This study aimed to evaluate preservative
potential of naturally occurring compounds on spoilage bacteria in dried squid snack. The squids were divided into 4 treatments
including supplementation of 1) sterile distilled water (control), 2) a semi-purified solution containing bacteriocin from B. velezensis
BUU004 (SPS-BV; 800 AU/mL), 3) a mixture of lemongrass and hot pepper extracts (MLH; 160 mg/mL) and 4) a combination
of the SPS-BV (800 AU/mL) and MLH (160 mg/mL), and then stored in a refrigerated condition for 28 days. Strategies of the
tested—-additive administration included a single addition at beginning of trial and addition of the additives every 14-day of storage.
A single addition of the three tested additives was shown to be unlikely to decrease total viable count (TVC) in dried squid snack.
In contrast, the antibacterial activity was more evident in dried squids supplemented with the SPS-BV or the novel combination with
every 14-day addition observed by 21.8% and 14.1% TVC decrement, respectively. Our results indicate that the SPS-BV and the
novel combination have a preservative potential for controlling the growth of spoilage bacteria in dried squid snack. However, due to
their degenerative antibacterial activity in dried squids during storage, a development of intelligent active and controlled release
packaging technologies that can deliver the antimicrobials into the seafood systems over prolonged periods is required to improve safety

of seafood products in Thailand.
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1. INTRODUCTION the Gulf of Thailand and shores of the Andaman Sea,

Traditional seafood-based product is one of popular especially in Chon Buri province with 88 factories and

Thai cuisines widely distributed in tourist attraction  traditional plants (Fisheries Statistics of Thailand,

areas and retail stores in coastal provinces in eastern and 2019). Most of the traditional seafood products (ca.

southern Thailand. Annual consumption has clearly 80%) are produced for domestic consumption. It is

increased because of its unique tastes, flavors and generally known that traditional seafood-based product

textures, and abundance of essential nutrients. It has
occupied nearly 7% of the total seafood production of
Thailand equivalent to approximately 1,781,100 tons
in 2017 (Fisheries Statistics of Thailand, 2019). It is
mostly produced in

small commercial processing

factories and household traditional plants located along

is vulnerable to spoilage due to contamination of

pathogenic and spoilage microorganisms, e.g.
Staphylococcus spp., Bacillus spp., Pantoea spp.,
Micrococcus spp., Bacillus cereus, Escherichia coli,
Staphylococcus aureus and Salmonella (Thungkao &

Muangharm, 2008; Butkhot et al., 2019a; Nimrat et



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 246682

al., 2019). In general, contamination of food-borne
pathogenic and spoilage bacteria in food products can
easily occur at any point of a farm to table cycle,
including primary production (in the farm/sea where
animals are raised or caught), food processing, storage,
and distribution (Bintsis, 2018). In Chon Buri
provinve, a public health issue of traditional processed
squid products is alarming due to 86.5% samples
compiled between 2002 and 2019, containing viable
bacterial count over the acceptable limits imposed by
Thailand and international food administration agencies
(Nimrat et al., 2021). Such a phenomenon represents
a serious risk of food-borne infection, like diarrhea,
gastritis, and food poisoning illnesses, and results in
shortening of the shelf-life and economic loss as well
as prompts development of an effective alternative
technology for controlling undesirable bacteria.
Synthetic preservatives and chemical additives have
legally permitted as an antimicrobial agent in food
products for extending the shelf life and securing the
microbiological quality. However, some chemicals are
suspected to cause intoxications, allergies, cancers,
hepatotoxicity, teratogenicity, and other degenerative
syndromes, when long-term ingestion of the excessive
dose (Zhao et al., 2019). In recent years, consumers
demand for convenient, safe, and lightly preserved
foods with free of chemical additives that permit shelf-
life extension and secure biosafety of seafood-based
products. As a consequence, biopreservative-based
technology of naturally occurring substances, e.g. plant
extracts and bacterial-derived compounds have become
a topic of interest to control the growth food spoilage
in food Bacteriocin, a

and pathogens systems.

ribosomally synthesized peptide with antibacterial
activity against closely-related and non-related bacteria
through bactericidal mechanisms, has much received
attention as natural preservatives in food products.
Recently, we observed that a novel bacteriocin
produced by Bacillus velezensis BUU004 (800
AU/mL) had a great potential use as biopreservative
due to its distinct inhibitory activity against foodborne
Gram-positive and Gram-negative bacteria in in vitro

environment and dried seafood model (Butkhot et al.,

2019a, b). Similarly, extracts from lemongrass
(Cymbopogon citratus (DC) Stapf.) and hot pepper
(Capsicum frutescens L.) have been also used for food
preservation with antibacterial activity (Soodsawaeng et
al., 2021). In addition, several reports have revealed
that combination of the antibacterial agents exhibits
stronger efficient potency towards food spoilage and
pathogenic microorganisms together with prolonging
the shelf life of seafood products (Grande et al., 2007;
Field et al., 2015; Zhao et al., 2019). Therefore, the
objective of this study was to ascertain biopreservative
potential of bacteriocin produced by B. velezensis
BUUO004, lemongrass and hot pepper extracts (MLH),
and their combination for controlling food spoilage
bacteria in dried, seasoned and crushed squids, simply

called dried squid snack during storage.

2. MATERIALS AND METHODS

2.1 Preparation of herb extracts

Lemongrass (stems) and hot pepper (fruits) were
supplied from a local botanical garden in Chon Buri
Province. The extraction was conducted according to
the procedure explained by Soodsawaeng et al. (2021).
The herb material was dried and ground into a powder
using a blender (Fig. la, 2a). Ethanol (95%) was
added to each powder sample at a ratio of 1:10 of
material to extractant. The solvent mixture was filtered
after a constant agitation at 30°C, 120 rpm, for 72 h
(Fig. 1b, 2b). Then, the filtrate was concentrated at
40°C using a rotary evaporator (Buchi R-215, Flawil,
Switzerland; Fig. 1c, 2c¢). A stock solution (160
mg/mL) was prepared by dissolving the crude ethanolic
extract in 35% ethanol and stored in an amber bottle
until use.

2.2 Bacteriocin production from B. velezensis
BUU00O4

A probiotic strain of B. velezensis BUU0O4 has been
confirmed as a non-pathogen with a potential safe use
as a source of biopreservative in seafood products
(Butkhot et al., 2019b, 2020). The stock culture of
B. velezensis BUUO0O4 was maintained at -80 °C in

Trypticase Soy Broth (TSB; Becton BD, Sparks,



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 246682

v
a b C

Figure 1 Hot pepper (Capsicum frutescens L.): a) ground hot pepper,

b) ethanolic extract, and c¢) evaporated hot pepper extract

-

a b ¢

Figure 2 Lemongrass (Cymbopogon citratus (DC) Stapf.): a) ground lemongrass,

b) ethanolic extract, and c) evaporated lemongrass extract

Maryland, USA) with 15% glycerol addition. The
strain was subcultured twice on Trypticase Soy Agar
(TSA; Becton BD, Sparks, Maryland, USA) to produce
working culture. B. velezensis BUUOO4 was grown in
TSB in a shaking incubator at 30 °C, 200 rpm for 18
h. The cells were removed by centrifugation at 8,000
g and 4°C for 10 min. Bacteriocin from the culture
supernatant was precipitated using simple purification
procedure (Butkhot et al., 2019b). Briefly, ammonium
sulphate was added into the supernatant at 80%
saturation and allowed to settle overnight at 4°C. The
precipitated protein was harvested by centrifugation at
10,000 g, 4°C for 30 min, and then dissolved in 50
mM sodium phosphate buffer (pH 7.0). Thereafter, the
bacteriocin-containing suspension was dialysed against
a dialysis membrane (1 kDa cutoff,

Laboratory, Los Angeles, CA, USA) at 4°C overnight.

Spectrum

Evaluation of bacteriocin activity of the semi-purified
solution containing bacteriocin from B. velezensis
BUU004 (SPS-BV) was performed using a well
diffusion method against B. cereus TISTR 687 used as
indicator (Butkhot et al., 2019b). Bacteriocin activity
was calculated as arbitrary units (AU) per mL and the
SPS-BV solution was stored at ~80°C until use.

2.3 Effect of the SPS-BV, the MLH and their
combination on food-spoilage bacteria in dried squid

snack

Biopreservative potential of the tested additives was
evaluated following Butkhot et al. (2019a) method.
Dried squid snack products were purchased from a retail
store at Nong Mon Market, Chon Buri province after
which they were produced in a small household facility
located in a fishing village following a preparation
method described by Soodsawaeng et al. (2023). The
squid samples were prepared by cutting into a small
piece of 2 X 2 cm. The samples were divided into 4
treatments as follows: addition of 1) sterile distilled
water (control), 2) the SPS-BV (800 AU/mL), 3)
the MLH (160 mg/mL) and 4) a combination of the
SPS-BV (800 AU/mL) and the MLH (160 mg/mL),
and then air-dried for 15 min in a biosafety cabinet at
room temperature (approximately 25°C). For each
treatment, the tested additives (0.1 mL) were slowly
supplemented onto the entire surface of a piece of the
squid samples. The squid samples with tested additives
were kept in a sterile plastic bag under refrigerated
condition (2-4°C) for 28 days. At day 14 and 28 of
storage, half of the samples from each treatment were
re—introduced with their respective additives. Bacterial
evaluation was conducted at 15 min and 1, 7, 14, 21
and 28 day post-inoculation.

2.4 Enumeration of total viable count (TVC) and
bacterial identification

TVC in the squid samples was enumerated based on a
spread plate method (US FDA, 1998) with some
modifications. The squid sample (5 g) was mixed with
0.1% (w/v) peptone water (45 mL) and homogenized
using a stomacher. Then, the homogenate was 10-fold
diluted and an aliquot (0.1 mL) from each dilution was
spread-plated onto Plate Count Agar (Becton BD,
Sparks, Maryland, USA). All petri dishes were
incubated at 35+2°C for 24 h. All bacterial colonies
were enumerated and calculated as colony forming unit
(CFU) per g of sample. All measurements were carried
out in triplicate.

Isolated bacteria with distinct colony morphology
were identified based on biological characteristics and
16S rRNA gene sequencing analysis. The genomic
DNA used as template for PCR amplification was

extracted from a freshly grown bacterial culture using
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an InstaGene Matrix (Bio-rad Laboratories, Inc.,
USA) following manufacturer’s instruction. The primer
pair used in this study was 27F 5’ (AGA GTT TGA
TCM TGG CTC AG) 3" and 1492R 5’ (TAC GGY
TAC CTT GTTACG ACT T) 3’ (Kaur et al., 2017).
The PCR reaction mixture contained genomic DNA (20
ng) in a 30 pl reaction mixture using an EF-TagDNA
Polymerase (SolGent, Yuseong-gu, Daejeon, Korea).
The PCR reaction was performed using a DNA Engine
Tetrad 2 Peltier Thermal Cycler (Bio-Rad
Laboratories, Inc., PTC-0240, Foster City, California,
USA). The following PCR program was employed
including initial activation at 95 °C for 2 min, and 35
cycles of denaturation at 95 °C for 1 min, annealing at
55 °C for 45 s, and extension at 72 °C for 1 min with
a final cycle of 72 °C for 10 min. The PCR products
were purified using a multiscreen filter plate (Millipore
Corp., Bedford, MA, USA). Sequencing reaction was
conducted using a PRISM BigDye Terminator v3.1
Cycle sequencing Kit. All nucleotides sequences were
blasted against the sequences within the EzTaxon-e
server (https://www.ezbiocloud.net/; Kim et al.,
2012). The sequences are deposited in GenBank
(Accession no. MZ298612 — MZ298619).

2.5 Data analysis

Data are expressed as meantstandard deviation.
Bacterial counts were transferred to log values after
normal distribution and homoscedasticity were tested.
Data were analyzed using a two-way analysis of
variance (ANOVA), and followed by the post-hoc
Tukey’s test to identify any difference between the
control and treatments. Significance was defined at a

level of p<0.05. The statistical analyses were conducted

using Minitab version 18.1.0.

3. RESULTS

3.1 TVC in dried squid snack with/without the tested
additives

TVC of the
9.1£0.6x103 CFU/g. At 15-min post-exposure,
TVC in squids with addition of the MLH, the SPS-BV,
and a combination of MLH and SPS-BV were

pre-treated squid samples was

5.7+0.8x103, 4.4+0.2x103, and 7.2+0.7x103

CFU/g, which  were
(p<0.05) lower than that of the control (9.1+1.5x103

CFU/g). However, TVC in the SPS-BV-treated and

respectively, significantly

the combination-treated squids comparatively increased
at 28-day storage supported by 16.3% and 11.2%
increment, respectively. When the supplements were
added every 14-day, the most effective strategy against
TVC in the squid samples was SPS-BV administration
with 21.8%  decrement, and followed by
supplementation of a combination of MLH and SPS-
BV due to 14.1% decrement at the end of refrigerated
storage (Table 1).

3.2 TVC in dried squid snack with/without the tested
additives

Heterotrophic bacteria isolated from untreated squids
throughout 28-day refrigerated storage were composed
of 7 Gram-positive strains:  Staphylococcus
saprophyticus subsp. saprophyticus, Bacillus velezensis
strain 1, B. tequilensis, B. licheniformis, B. velezensis
strain 2, B. subtilis subsp. inaquosorum and B. safensis
subsp. safensis while B. subtilis subsp. stercoris was
recovered in untreated squids until day 1 of storage.
S. saprophyticus subsp. saprophyticus was eliminated at
day 14, 28 and 21 of storage in the squids treated with
the MLH, SPS-BV, and their combination,
respectively. B. subtilis subsp. stercoris was absent in
the MLH-treated, the SPS-BV-treated, and the
combination-treated squids at 15-min, 1-day, and 1-
day post exposure, respectively. When the three
additives were added every 14 days, similar results
were observed due to the absence of S. saprophyticus
subsp. saprophyticus and B. subtilis subsp. stercoris

during storage (Table 2).

4. DISCUSSION

In the recent years, special attentions on food
preservation have been paid to naturally derived
substances as a novel biopreservative in food products.
Bacteriocins produced by lactic acid bacteria have been
long used in fresh and processed foods without

degenerative health problems and deleterious effects on
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Table 1 TVC (CFU/g) in dried squid snack with/without the MLH, the SPS-BV, and their combination during 28-day refrigerated storage

Storage duration MLH
SPS-BV MLH
(days) Distilled water MLH + SPS-BV
(every 2-w addition)
15-min 9.1+1.5x10°*" 5.7+0.8x10°"¢ 4.4%0.2x10°°¢ 7.240.7x10°™*¢ 4.240.3x10°°¢
1 9.6+0.3x10°"" 6.8+0.7x10° ™% 8.8+0.7x10°*" 7.8+1.6x10°™"® 8.3+0.6x10° ™"
7 9.6+0.6x10°"" 9.1+1.2x10° ™" 1.1£0.1x10*** 9.5+0.9x10°“* 4.3+0.2x10°"¢
14 1.1£0.1x10*** 8.7+0.5x10°“*® 1.0£0.1x10"™* 6.3+0.8x10° **¢ 8.9+0.6x10°™*
21 8.1+0.3x10°“" 9.3+0.9x10°“* 8.1+0.9x10°"" 5.7+0.3x10°"¢ 6.4+0.7x10°"®
28 9.1+0.3x10°*" 5.6+1.3x10°"¢ 5.2+0.2x10° ™ 7.9£0.7x10°“*® 4.440.4x10%™C
Change (%) -0.3 -2.3 16.3 11.2 2.8

Means with superscript lowercase letters indicate significant difference (P < 0.05) among treatments. Means with superscript uppercase letters indicate significant

difference (P < 0.05) over time.

organoleptic properties of foods. Likewise, bacteriocins
from Bacillus species have also currently increasing
importance in food industry because of their wide
spectrum of antibacterial activity, distinct structural
diversity, low cytotoxicity, and stability under hostile
environments, thereby remaining their activity during
thermal processing cycle of foods (Abriouel et al.,
2011; Butkhot et al., 2019b). In the present study, a
single addition of the SPS-BV was unlikely to decrease
TVC in dried squids during 28-day refrigerated
storage. It is widely known that bacteriocins are easily
degraded by indigenous and/or microbial proteolytic
enzymes, and inactivated by their binding to the food
components, like proteins, carbohydrates and fats in
food products (Aasen et al., 2003; Stergiou et al.,
2006). These reasons may be explained why the SPS-
BV was inactive towards TVC in the dried squids in the
present study. Antibacterial activity against TVC of the
SPS-BV supplemented every 14-day was more evident
than a single addition in the squids, especially inhibition
of S. saprophyticus subsp. saprophyticus and B. subtilis
subsp. stercoris. The lower antagonistic potency in dried
squids when a single administration was applied is
possibly associated with a reduced concentration of
bacteriocins during storage to a level at which no
inhibitory activity can be produced (Ghalfi et al.,
2007). As a consequence, we suggested administration
of the SPS-BYV in dried seafood products every 14-day
during storage. Our results were accordant with several
previous reports. Liu et al. (2017) demonstrated that

bacteriocins, namely amylolysin and amylocyclicin

produced by B. velezensis LS69 was shown to strongly
inhibit Gram-positive and Gram-negative pathogenic
bacteria, e.g. B. cereus, B. thuringiensis, S. aureus,
Listeria monocytogenes, Clostridium perfringens, E.
coli DH5W, and Pseudomonas putida. Similarly, in our
recent study, the SPS-BV was effectively active against
food-spoilage and foodborne pathogens including S.
aureus, B. cereus, B. coagulans, L. monocytogenes,
Micrococcus luteus, E. coli, E. coli O157:H7 and
Salmonella Typhimurium in

(Butkhot et al., 2019b). The inhibition of bacterial

in vitro experiment

growth observed in this study is probably a consequence
of cell lysis, pore formation, and severe cell membrane
deconstructions induced by the SPS-BV (Butkhot et
al., 2019a; Soodsawaeng et al., 2023). In general,
bacterial cell mortality caused by bacteriocins produced
by Bacillus genera is produced through destabilization
of the cellular structure, destroy membrane integrity,
efflux of cytoplasmic fluids, and disruption of cellular
activities, e.g., energy production and membrane
transport (Abriouel et al., 2011).

The MLH produced undesirable results indicated by
unchanged TVC number in dried squids during storage.
Similarly, the MLH was shown to have low inhibitory
activity against food spoilage bacteria in food system
trial (Soodsawaeng et al., 2022). It is widely known
that a cocktail of mixed terpenes and terpenoids, e.g.,
citral, neral, isoneral, geranial, isogeranial, geraniol,
geranyl acetate, citronellal, citronellol, germacrene-D,
and elemol, are present predominantly in lemongrass

extract/essential oil (Mukarram et al., 2022) while the
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Table 2 Bacterial composition of dried squid snack with/without the tested additives during 28 -day refrigerated storage

Storage duration

Treatments (days) 'S. é é E _‘;; - § _'.; - .;é:
F & % 8 22 g% o828 85 g F
Distilled water 15 min + + + + + + + +
1 + + + + + + + +
7 + + + + - + + +
14 + + + + - + + +
21 + + + + - + + +
28 + + + + - + + +
MLH 15 min + + + + - + + +
1 + + + + - + + +
7 + + + + - + + +
14 - + + + - + + +
21 - + + + - + + +
28 - + + + - + + +
SPS-BV 15 min + + + + + + + +
1 + + + + - + + +
7 + + + + - + + +
14 + + + + - + + +
21 + + + + - + + +
28 - + + + - + + +
MLH + SPS-BV 15 min + + + + + + + +
1 + + + + - + + +
7 + + + + - + + +
14 + + + + - + + +
21 - + + + - + + +
28 - + + + - + + +
MLH 15 min + + + + - + + +
(every 14-day addition) 1 + + + + - + + +
7 + + + + - + + +
14 - + + + - + + +
21 - + + + - + + +
28 - + + + - + + +
SPS-BV 15 min + + + + + + + +
(every 14-day addition) 1 " " " ¥ . " . .
7 - + + + - + + +
14 - + + + - + + +
21 - + + + - + + +
28 - + + + - + + +
MLH + SPS-BV 15 min + + + + + + + +
(every 14-day addition) 1 + + + + - + + +
7 - + + + - + + +
14 - + + + - + + +
21 - + + + - + + +
28 - + + + - + + +

+: found, -: not detectable

major compositions of ethanolic chili extract include
phenolic compounds and capsaicinoids, particularly
capsaicin, dihydrocapsaicin, protocatechuic acid, p-
and ferulic acid

coumaric acid, cinnamic acid,

(Menezes et al., 2022). In general, mode of action of
active components in herb extracts against bacterial
cells includes sequential inhibition of biochemical
intervention of various

reactions, the protective
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enzymes, destabilization of the bacterial membrane
structure by causing a change in the permeability of the
cytoplasmic membrane, and leakage of a variety of
molecules and ions (Cava-Roda et al. 2021).
However, low antibacterial efficacy of the herb extracts
in the present study is likely to involve in the volatile
properties of herb extracts and the reduced
concentrations of active ingredients in the herb extracts
during 28-day storage (Abdollahzadeh et al., 2014).
Inhibitory spectrum of plant-based substances can be
potentiated with the presence of bacterioicins in food
systems. However, no synergistic activity against
bacterial growth was produced in the present study
observed by a combination of the SPS-BV and the
MLH having antibacterial potential behind the SPS-BV
in the chilled-stored dried squids. The results were in
contrast to previous report by Shahbazi et al. (2016).
A combined addition of a commercial nisin with
essential  oil  (0.1-0.2%) from  Ziziphora
clinopodioides caused an obvious reduction in E. coli
0157:H7 numbers in raw beef patties during 9-day
refrigerated storage. A bioengineered derivative nisin V
in combination with low concentration of -either
acted

of L.

carvacrol or trans-cinnamaldehyde also

synergistically to reduce viable cells
monocytogenes in laboratory media, chocolate milk
drink and chicken noodle soup (Field et al., 2015).
The volatile properties of herb extracts and the reduced
concentrations of active compounds in the herb extracts
during storage may account for compromised
biopreservative potential of the novel combination,
resulting in no synergy observed in the present study.
However, a decreased antibacterial efficacy of the
combined additives may not be originated from only one
factor. Intrinsic factors of the seafood, interaction
among active compounds, and environmental
parameters may influence bacterial sensitivity to the
additives. Reduced number of spoilage bacteria caused
by addition of the SPS-BV would help to extend shelf-
life and maintain food quality at a desired level so that
maximal benefits and nutrition values can be achieved.
However, additional study related to biochemical

assessment and texture profile analysis should be

established in order to confirm its compatibility in food

products.

5. CONCLUSION
Our results suggest that the SPS-BV had stronger
antibacterial potential for controlling the growth of food
spoilage bacteria than the MLH, and the novel
combination in dried squid snack during storage, in
particular, when the additive was added every 14-day.
Addition of the SPS-BV could eliminate some spoilage
bacteria, e.g. S. saprophyticus subsp. saprophyticus and
B. subtilis subsp. stercoris in dried squid snack during
storage. However, its antibacterial activity was
inactivated during chilled storage observed by low
antagonistic potential in dried squids when a single
administration was applied. As such, it is essential to
develop an effective method with desirable
physicochemical properties that can serve as carriers
and provide a controlled release of antimicrobials over
an extended period of time, such as edible films derived
from natural products in order to create a food-
compatible and natural preservative for technological
applications in food industry and improve biosafety
quality of traditional

Thailand.

seafood-based products in
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in Metaverse Class Room
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ABSTRACT

The aim of this study is to design a creative process for learners. The design focuses on a pedagogy for course activities
based on principles from gamification research that foregrounds the relationship between instructional practices and game-based course
design for learning. The research is divided into two phases: Trigger with learner psychology and the creative experiences during
learning. The research aims to shape the relationship between gamification elements and pedagogical design. The design framework
will inform the creative process in the Metaverse classroom. The framework identifies critical features of the creative process that
emerge throughout the learning process. Creativity will be measured by examining domain-relevant and creativity-related skills and
task motivation during learning in the Metaverse environment. The research approach applies survey and observation techniques to
examine the extent to which people are engaged in creative processes during their participation in the Metaverse classroom. The
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useful insights into the learner’s skills and engagement. Engagement can be improved through the use of triggering gamification
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1. INTRODUCTION approach applies survey and observation techniques to
The aim of this study is to design a creative process for ~ €xamine the extent to which people are engaged in
learners. The design focuses on a pedagogy for course creative processes during their participation in the
activities based on principles from gamification research ~ Metaverse  classroom.  The  pedagogical ~ design
that foregrounds the relationship between instructional ~ background focuses on the approach that enhances the
practices and game-based course design for learning. player’s interaction with the interactive elements and
The research is divided into two phases: Trigger with provides useful insights into the learner’s skills and

learner psychology and the creative experiences during engagement. Engagement can be improved through the

learning. The research aims to shape the relationship ~ Use of triggering gamification elements. The results
between gamification elements and pedagogical design. show how gamification pedagogy enhances the creative
The design framework will inform the creative process experience process in the Metaverse environment.

in the Metaverse classroom. The framework identifies These guidelines can be used in the pedagogical design

critical features of the creative process that emerge  Processto better promote creative learning activities. An

throughout the learning process. Creativity will be important contribution to the research is the ability to
measured by examining domain-relevant and design instructional activities that promote creative
creativity-related skills and task motivation during  thinking through engaging interactions with technology.

learning in the Metaverse environment. The research
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2. BACKGROUND

The background of a study is the first section of the
paper and establishes the Metaverse context. It contains
the rationale, the main pedagogical context. The
background forms the signifier of the gamification
elements that impact through the learning outcome. The
outcome focuses on the trigger in learning. The next
section deals with the creative process through the
learner’s experience.
2.1 Metaverse
Metaverse is a combination of the prefix “meta’,
implying transcendence, and the word “universe’,
describing a parallel or virtual environment connected
to the physical world [1]. Metaverse became a
buzzword. Many educators and researchers have begun
to create various future plans and implementation
scenarios for their learning practices. The metaverse is
still emerging, but many key components have already
taken shape and are revolutionizing everything from e-
commerce to media and entertainment to education. The
notion is relatively new, however, and there is a need
to explore the impact of the creative process on the
metaverse, which is where this study comes in.
Individuals with high digital literacy who must have
technological expertise to manage and learn in the
digital environment. One of the benefits of the
Metaverse is that students can participate virtually in the
classroom and receive elements that occur in the real
classroom. Students in the Metaverse can interact with
teachers and communicate with their classmates through
their avatars [1]. This environment could create an
immersive learning opportunity that promotes students’
learning motivation and creative process.

The impact of the Metaverse in education

From a pedagogical perspective, the design of the
Metaverse can provide students with compelling digital
resources and allow them to interact with academic
information and have interesting experiences [2]. The
Metaverse will facilitate the integration of practices in
virtual environments, where students and faculty can
interact face-to-face as in a virtual classroom, into the

educational experience. In the short term, however, the

Metaverse is: augmented reality should enhance - not
replace - the human experience. Digital technology
should not compete with physical reality because most
people do not enjoy prolonged experiences in virtual
worlds. The metaverse should enhance the human
experience, not replace it [3]. Therefore, the metaverse
can perform realistic and immersive experiments that
can be realized with low effort and cost [4].

2.2 Pedagogy

Pedagogy Context

The term ‘pedagogy” suggests that the term is
derived from the ancient Greek word ‘paidagogos,”
meaning slave who leads children to school [5]. Others
find that the common definition of pedagogy as 'the art
or science of teaching’ is at odds with their preferred
emphasis on classroom learning [6]. Pedagogy, design
is a term that bridges theory and practice. Design is a
highly valued activity in the new information
environment and a discipline that has come into its own
in the digital age. The impact that the new information
technologies have had on what is considered to be
valuable knowledge.

Pedagogy Trigger Design

Pedagogy is the design of the processes of learning
activities. The following is a comparative overview of
the pedagogical focus [7]. In applying these ideas to
curriculum practice over the past decade, the ideas have
been somewhat condensed and translated into the
immediately recognizable “knowledge processes”:
experiencing, understanding, analyzing, and applying
[8].

e  Experience is a process of learning through
immersion in the real, everyday things of the world:
personal experience and engagement. Experience is
taken for granted in the lifeworld, and the resulting
learning is usually unconscious, incidental, tacit,
accidental, and deeply rooted in the lifeworld [8].

. Conceptualizing involves the development of
abstract, generalizing concepts and the theoretical
synthesis of those concepts. Learners use categorizing
terms that reduce the ambiguities of natural language

and assemble them into mental models typical of

academic disciplines [8].
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. Analyzing is a process that involves the study
of cause and effect, structure and function, elements and
their relationships. This activity requires logical
thinking in the form of explanations and arguments [8].

. Apply is a knowledge process in which
learners actively engage with the human and natural
world and learn by applying experiential, conceptual, or
critical knowledge by acting on what they know about
the world in the case study and learning something new
from the experience of doing it [8].

Accordingly, the study examined which game
elements trigger which mechanisms (e.g., scoring,
leveling, and ranking). In addition, the elements may
influence the creative trigger in learning. The research
background shows the concept of educational design
and gamification concepts. This study explores the
relationship between gamification elements and game-
based engagement, which can stimulate learners to
engage in creative process experiences in the metaverse
classroom.

2.3 Gamification

Gamification Elements

Gamification is defined as the use of game elements
and mechanisms in non-game contexts [9].
Gamification can also be used in other contexts, such
as learning and educational activities [10]. Common
techniques include rewards, leaderboards, likes and
dislikes, transparency, and measurement [11]. As a
behaviour-based reward system, gamification can
encourage people to experience a creative process.
Gamification can create a powerful experience that
promotes  both  motivation and  engagement.
Gamification can be used to increase motivation through
intrinsic rewards and feedback. The activity concept
may require the implementation of gamification,
suggesting an educational trigger design.

Gamification Pedagogy Trigger

Integrating gamification into the classroom can be a
powerful experience that promotes both motivation and
engagement. The recent trend of “gamification”
applications relies on the complexity of a well-designed

and balanced game reduced to its simplest components

such as badges, levels, points, and leaderboards [12] to

develop both a technical toolkit and a set of best
practices for implementing successful gamification
experiences in an educational context [13].
Gamification can be used to increase motivation through
intrinsic rewards and feedback lessons. Feedback
activities can promote the experience of creative
processes. The concept of activities may require the
implementation of gamification, which is referred to as
user-centered design. The use of game concepts to
facilitate learning and development are the commonly
outdated notions of accumulating knowledge in ideas
that challenge the limits of learners’ abilities and
capacities. Gamification of learning and development
can support learners on their path to mastery. With
careful planning, gamification can help learners develop
their skills, take risks, and fail in a safe context [14].
Examples of learning and training domains where
gamification concepts have been used with great success
include health and safety training and leadership
development (e.g., Deloitte Leadership Academy)
[14]. Game mechanics can trigger and reinforce
competencies in situational awareness [15]. Pedagogy
will shape the trigger in terms of learning. Gamification
can be used in curriculum practice as a knowledge
process: Experiencing, conceptualizing, analyzing, and
applying through  gamification elements. The
pedagogical activity that attracts learners’ experiences is
promoted through goals, rewards, competition, and
teamwork. In terms of conceptualizing, the study
illustrates the influence of learners to categorize things
and define those concepts through rules, rewards, and
teamwork. Learners make generalizations using
concepts and connect concepts in concept maps or
theories, promoted by rules and challenges [16]. In
addition, learners influence analysis of logical
relationships, cause and effect, structure, and function
through rules, challenges, and teamwork. Learners
evaluate their own and others’ perspectives, interests,
and motivations through rules and challenges. In terms
of appropriate learning, learners can apply what they
have learned to real-world situations and test its validity
through goals, rewards, challenges, and teamwork.
learners to make

Challenges can encourage
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generalizations based on concepts and connect concepts
in concept maps or theories. In addition, learners
innovatively and creatively engage with the world or
transfer what they have learned to a different context by
participating in competitions and challenge mechanisms
[16]. These concepts could be applied in the metaverse
classroom. The creative process of the learners is
fostered by the experiences.

2.4 Learner Experiences

User Experiences

User experience is not about the inner learning
processes. User experience is about how it affects the
outside, where a person comes into contact with it. Any
user experience effort is aimed at improving efficiency.
This is done primarily in two ways: helping people work
faster and helping them make fewer mistakes [17]. The
design of the learning experience will prepare these two
main ways. This research is mainly concerned with
tasks, with how streamlined the steps in a process are,
and with how people think about doing them. Creating
an information-rich user experience is about enabling
people to find, absorb, and make sense of the
information in the classroom [17].

Trigger and Experiences Learner Outcome
Experience is a process of learning through immersion
in the real, everyday things of the world: personal
experience and engagement. Experience is taken for
granted in the lifeworld - and the resulting learning is
usually unconscious, incidental, tacit, accidental, and
deeply rooted in the lifeworld [18]. Conceptualizing
involves the development of abstract, generalizing
concepts and the theoretical synthesis of those concepts.
Learners use categorizing terms that reduce the
ambiguities of natural language and assemble them into
mental models typical of academic disciplines [18].
Analyzing is a process that involves the study of cause
and effect, structure and function, elements and their
relationships. This activity requires logical thinking in
the form of explanations and arguments [18]. Apply is
a knowledge process in which learners actively engage
with the human and natural world and learn by applying
experiential, conceptual, or critical knowledge - by

responding to what they know about the world in the

case study and learning something new from the
experiences they have in the process [18]. The trigger
of the experience will drive their engagement.
Motivation and engagement represent passion and
involvement in activities.

emotional learning

Engagement enables meaningful learning, which
includes the quality of students’ efforts, interaction with
students, and their immersive experiences [19].
Classroom activities can enhance learners’ experiences,
which is referred to as immersive engagement.
Engagement influences learner acceptance. Behavior
use is about how often or for what purposes the behavior
is used, while behavior adoption is about how
extensively the behavior is used. The constructs of
motivation are important for educators to determine the
impact on student learning and outcomes [19].
2.5 Creativity in Virtual Classroom
This section analyzes how gamification elements can
enhance students’ creative abilities. The expectation of
the application was to apply the pedagogical design in
the virtual classroom.

Creative Process

The creative process is the result of a sustained and
complex mental effort over an extended period of time
[20]. The creative process consists of a step-by-step
sequence of mental activities that play out like a game.
It includes problem identification, goal setting, and the
application of heuristic tasks [21,22] during classroom
activities. Learners set goals and solve problems during
tasks. Creative problem solving is constructed within a
specific set of goals and pathways and considering the
problem conditions [23]. In order to understand the
creative process, the criteria related to the creative
activities must be clearly formulated and easily
translated into assessment. The developed method
focuses on the component framework of creativity
assessment, which includes three main components:
domain-related skills, creativity-related skills, and task
motivation [24]. This study focuses on the thinking
processes involved in creative activities and is measured
using these three main components. Based on the

review, creative processes embody specific elements

(e.g., goal setting, testing a response) that constitute
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the components of creative output. A component
framework [25] that considers these elements of the
creative process can be summarized as follows:

. Motivation and sensitivity to problems.

. The process of seeking appropriate solutions,
discrepancies, and knowledge gaps to drive the creative
problem-solving process.

. The process of brainstorming (divergent
thinking).

. The process of idea validation (convergent

thinking)
Creativity is measured by examining domain-relevant
and creativity-related skills and task motivation during
virtual classroom learning. The research approach
applies elicitation and observation techniques to
examine the extent to which participants are engaged in
creative processes while participating in the classroom.
In summary, three components influence creative
processes. Task motivation influences the quantity of
ideas. Expertise plays an important role in developing
an acceptable solution. Creativity-related skills
influence the quality of ideas produced. The three
components are critical characteristics of a creative
process in relation to problem solving [26]. The
purpose of this study was to determine whether the use
of different factors influences creative outcomes and
whether there are differential effects on the cognitive
process in the metaverse classroom.

Creative Process in Virtual Environment
The factors that influence creativity are not only focused
on the individual level, but also on team-related
elements [27]. In class, a task can be prepared for
teamwork and goal setting. While many factors can
influence creative problem solving (e.g., leadership,
personality traits, motivation, goals, etc.), cognitions
have emerged as an important facet of both individual
and team creativities in creative problem solving [28].
that occur before or after idea

Core processes

generation, such as problem identification and
construction, and idea evaluation and selection, have
received much less attention, especially at the team
level [27]. In virtual classrooms, learners can take

advantage of many opportunities through the use of

media to improve the quality of student learning. In
addition, teaching in a virtual classroom provides a
valuable opportunity to abstract those aspects of
pedagogy that are necessary in any educational context.
Comparing successful teaching practices in a virtual
environment to those of virtual face-to-face
classrooms. The environment allows teachers to see the
difference between the important aspects of educational
delivery and the contextual strategies used to implement

those aspects [29].

3. METHODOLODY

In this research, the method of creative measurement is
divided into two parts. The first part aims to determine
the relationship between students’ competence and
learning outcomes during classroom activities. Learning
motivation is measured with a questionnaire that asks,
among other things, how proud students are of
themselves and how their community recognizes their
outstanding achievements.

The next step focuses on the characteristics of the
creative processes that can occur during an activity.
Achieving this goal will require a comprehensive review
of the literature on creativity and the assessment of
creative processes, as well as the application of this
knowledge in a virtual context. Adapting existing
research in this new area allows for the measurement of
creative activities in the metaverse classroom. This
research includes an activity study in which players are
established criteria  to

assessed using creativity

determine the level of creative activity.

Pedagogy Design | Gamification

Trigger

! N= 114 (Questionnaires)

Gamification Pedagogy Design Factor

|

Experience

Creative Criteria

h

Motivation

N= 16 (Metaverse Classroom)

Gamification Pedagogy Trigger Design for

Creative Experiences in Metaverse Classroom

Figure 1 The Assessment method
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3.1 Research question
Specifically, this study answers the following research
questions (RQ):

. RQ1: What factors play a role in engaging
learners in pedagogical processes during classroom
activities?

. RQ2: How do specific instructional activities
facilitate learner engagement in various components of
the creative process during the learning experience?
3.2 Effect of batch frying
This study combines quantitative and qualitative
synthesis approaches to review studies published in the
literature on metaverse, gamification, and creative
processes in education. In this study, a structured
questionnaire was developed to be answered by learners
for an empirical investigation of the factors that
influence learning outcomes and pedagogical design.
Individual items of the questionnaire related to
motivation were rated 1 (not at all important) and 5
(extremely important) on a 5-point Likert scale in RQ1
and a 7-point Likert scale in RQ2. The research design
assessed  learners’ knowledge  processes.  The
experiential measurement was designed as a process
based on learners’ action experiences: Building on the
learning resources of the everyday and familiar, prior
knowledge, social background, personal interests and
motivation.  The

perspectives, and  individual

questionnaire reflects the familiar [30,31].

Figure 2 ANEXT: Metaverse Classroom

RQ1: What factors play a role in engaging learners
in pedagogical processes during classroom activities?
This question focuses on the extent to which the factors
of the learning activities promote the learning outcome
(GPA). Using the results obtained in answering the first
research question, the types of motivation used in
learning these activities are examined. The research will
allow for an evaluation of the extent to which specific
instructional experiences are enhanced through the use
of gamification elements.

RQ2: How do specific instructional activities
facilitate learner engagement in various components of
the creative process during the learning experience?
This question focuses on specific classroom tasks that
broaden the range of creative activities experienced.
This question aims to understand how specific elements
of pedagogical design (e.g., challenges, goals, and
rules) influence creative behaviour. The relationship
between creative components, pedagogical elements,
and learner experiences will be analysed in the context
of the virtual classroom. To investigate the creative
process, participants self-assessed the questionnaire
during learning.

This coding scheme was implemented based on the
criteria developed for the analysis of the creative
process (task motivation, domain-relevant ability, and
creativity-relevant ability) [32]. The results of RQ1
were used to determine the extent to which the games
promoted creativity and how the components of
creativity were involved. Coding was based on elements
identified as significant to the creative process [33].

Participations RQ1

To develop the factor scale, data were collected
from 114 undergraduate and graduate students enrolled
at Dhurakij Pundit University in the 2022 semester.
The average percentage of female students is 51.8%.
The major subjects of the students are engineering,
science, business and others, 45.6%, 43.9% and
8.89%, respectively. The participants self-assessed their
performance at the end of the semester.

Participations RQ2

For the development of the creativity scale, data

were collected from 16 undergraduate and graduate
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students enrolled in the University of Creative Design

and Entertainment Technology, Dhurakij Pundit
University. Overall, 50% of first-year students, 25%
of third-year students, and 12.5% of second- and
fourth-year students completed the developed scale and
participated in the classroom virtual learning
environment as part of a course. Participants self-
evaluated their performance at the end of the semester

during class (Figure 2).

4. RESULTS
4.1 Pedagogy Factor Results

Item-Total Statistics

Corrected Item- Squared Cronbach's
Scale Mean if ~ Scale Variance Total Multiple Alpha if Item
Item Deleted if item Deleted Correlation Correlation Deleted
Experiencingl 49.6754 63.849 .666 .565 905
Experiencing2 49.6228 65.476 621 497 906
Conceptualizingl 49.4298 65.769 616 .587 907
Conceptualizing2 49.4825 64.252 721 599 903
Analyzingl 49.5439 64.038 748 679 902
Analyzing2 49.5088 65.172 639 542 906
Applyingl 49.5789 64.016 709 651 903
Applying2 49.6316 63.633 670 588 904
Rule 49.1667 66.246 589 687 907
Objective 49.3772 63.405 692 696 903
Reward 49.9386 61.952 653 529 905
Challenge 49.6667 63.127 .656 537 905
Leaderboard 50.7807 65.624 .328 .303 923
FunActivity 49.7544 63.231 652 522 905

Figure 3 Cronbach’s Alpha by Removing Items

This figure shows all the elements that identify the
processes of educational learning activities. The results
illustrate the correlation of the factors by Cronbach’s
alpha. Cronbach’s alpha is a measure of internal
consistency, i.e., how closely a group of items is
related. Cronbach’s alpha can be written as a function
of the number of test items and the average
intercorrelation between items. The alpha (Figure 3)
for the pedagogy factors is .92, indicating that 14 items
have relatively high internal consistency. The results
show that deleting Rule would result in a small
improvement in Cronbach’s alpha (Ol= .907). All
items have item-total correlation values greater than .2
(Figure 3). Analysis of the study data revealed
acceptable reliability for the 14 pedagogy factors used
in the study. All pedagogy factors are significantly

associated with gamification elements. This is a factor

used for the next area of learning outcomes.

Learning outcomes are influenced by the
pedagogical factors shown in Figure 4. Learning
outcomes can apply the gamification of these ideas to
knowledge

curriculum practice as a process:

Experiencing, = Conceptualizing,  Analyzing, and
Applying (factors in Figure 3) through gamification
elements. The significant relationship shows (0.003)
that GPA depends on how learners analyze the factor
pedagogy during online instruction. The GPA target is
also derived from the online teaching activities,
gameplay, teamwork activities, analysis skills, rewards,
and ranking activities.

Effects
Target: GPA

Online_transformed g,

GamePlay_transformed &

TeamWork_transformed &b

%

Significance=.003
P .295

Analyzing2_transformed éb GPA
&
Reward_transformed &b

Leaderboard_transformed g

4 Display effects with sig. values less than...

| [
Most important 0001 0005 001 005 01 05 .10 20 100

LeastImportant

Figure 4 Pedagogy Factor and learning outcome

4.2 Creative Process Criteria Results

Mauchly’s Test of Sphericity tests the null hypothesis
that the variances of the differences are equal. The result
shows that Mauchly's Test of Sphericity is statistically
significant (p > 05) in task motivation and creativity-
related skills between the on-site, hybrid, and online

classrooms (Table 1.)

Domain Skills

Task Motivation Creative Skills

@@= On Site === Hybrid On Line

Figure 5 Creative Process
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Table 1 Mauchly’s Test of Sphericity

Epsilon”
Within Subjects Approx. Chi-
Measure Mauchly’'s W df Sig. Greenhouse-
Effect Square Huynh-Feldt  Lower-bound
Geisser
Class Task 291 17.262 2 .000 .585 .605 .600
Domain .830 2.607 2 272 .855 .954 .500
Creativity .564 8.012 2 .018 .696 .745 .500
Table 2 Pearson Chi-Square between factors [Applied from 16,26,32]
Asymptotic
Pearson Chi-Square
Creative Relevant Skill Factor df Significance
Value
(2-sided)
C11 Task Motivation
The current problem that needs to be solved in the Domain skill B41 31.302° 20 .051
class requires more than one step. [wide focus]
C12 Task Motivation B41 34.349° 20 .024
The current problem in the class is future oriented. Domain skill B13 36.667" 20 .013
[wide focus]
C13 Task Motivation A61 32.556" 20 .038
Participant restates the problem presented by the Domain skill B12, B41 33.200", 37.714" 20, 25 .032, .049
class. [wide focus]
Cl4 Task Motivation
Participant is able to develop his/her own goals Domain skill B12, B16, 24.503", 25.829", 12,15, 15 017,
within the class. [wide focus] B41 35.374° .040, .002
C15 Task Motivation A91 16.652" 8 .034
Participant is performing actions not related to Domain skill B16, B17 22.044", 23.467" 10, 10 .015, .009
tasks/goals. [wide focus]
Cc21 Task Motivation
Participant transitions to a new topic area or action Domain skill B16, B17, 32.000", 33.010" 20, .043,
in the class. [Striving] B31, B43 ,37.467a ,21.973" 20,16,12 .034,
.002, .038
C22 Task Motivation A92 29.667" 16 .020
Participant questioned how to complete tasks in the Domain skill
class. [Striving]
C23 Task Motivation A92 31.600° 20 .048
Participant questions his/her current actions in the Domain skill B11 34.178" 20 .025
class. [Striving
C25 Task Motivation A22 44.413° 24 .007
Participant makes exclamations, as a positive or Domain skill
negative outburst. [Striving]
C32 Task Motivation A61, A91 33.244°, 40.533" 20, 20 .032.004
Participant talks about the qualities of the materials, Domain skill B11, B13 31.289", 45.333" 20, 25 .051, .008
objects or attributes of the game world. [Concrete
focus]
C41 Task Motivation
Participant describes action/tasks/goals in terms of Domain skill B12, B13, 32.427", 38.578", 20, 25, 20 .039,
analogies or metaphors. [Concept identification] B31 37.511° .041, .010
C42 Task Motivation A81 34.693" 20 .022
Participant had eureka-type moments in the class. Domain skill B43 30.560" 15 .010

[Concept identification]
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classroom. The on-site classroom may be more
conducive to learner attention as a task motivator than
other classrooms. However, the domain skills in
creativity occur most frequently in the hybrid
classroom. In the online classroom, the creativity—
related skills are more prominent.

Table 2 illustrates the relationship between the
creative criteria and the factors. Creative potential can
be determined by examining the relationship between
the skills required and the effect of intrinsic motivation
within the activities. The factors relevant to creativity
are the creative thinking component, including the
ability to deviate from standard ideas, approaches, and
solutions in problem solving. Individuals can gain
experience in idea generation that can influence their
own strategies for creative thinking processes [25].
Creativity-relevant skills are measured by the specific
process factors of wide focus, concept identification,
aspiration, and concrete focus [33]. This leads to the
following questions, which will be answered in this
study. The results show that task motivation influences
the creative process in terms of broad focus, striving,
concept identification, and concrete focus. Task
motivation influences the number of ideas in the
classroom. In addition, expertise plays an important role
in developing an acceptable solution. Engaging in
playful activities or imagination can have a positive
effect that influences active engagement with
creativity-related processes. The results show that
domain knowledge enhances the process through wide
focus, concept identification, striving, and concrete

focus.

5. CONCLUSION

The conclusion is based on the research question. RQ1:
What factors play a role in engaging learners in
pedagogical processes during classroom activities? The

results illustrate  the immediately identifiable

"knowledge processes”: experiencing, understanding,

analyzing, and applying that influence learner

engagement. The pedagogy factors show that all items
(14 items) have relatively high internal consistency
(Experiencing,

between the factors

pedagogy

Understanding, Analyzing, and Applying) and the
gamification elements by rule. Game Objective, Reward
System, Challenge, Ranking, and Fun Factor. Question
2: How do specific instructional activities facilitate
learner engagement in various components of the
creative process during the learning experience? Results
suggest that the effects of skill-based creative processes
influence feelings of positive experiences. Results
suggest that creative activities may influence learners’
experiences of creative potential in the metaverse
classroom. The effects of high task motivation and
domain instruction  and

competence  through

gamification activities. However, task motivation
influences the number of ideas in the traditional
classroom. Results suggest that face-to-face activities
stimulate learners more than online activities. In
addition, the hybrid design for real-world experiences

as a real-world affected.

6. DISCUSSION AND FUTURE RESEARCH

In class, a task can be prepared for teamwork and goal
setting. While many factors can influence creative
problem solving. Core processes that occur before or
after idea generation, such as problem identification and
construction and idea evaluation and selection, have
received much less attention. The pedagogical approach
focuses on analyzing the impact on learning outcomes.
The pedagogical element promotes learning outcomes
through reward and assessment activities. In this study,
ideas for methods to measure learning outcomes are
developed. The method should measure the pedagogical
elements of experiencing, conceptualizing, analyzing,
and applying. The inclusion of the gamification element
can promote the learning outcome. The trigger can
influence the creative process. The element and process
are used to design the instructional activity.

This study will identify the triggering elements that
influence creative skills during virtual classroom
activities. The conceptual framework will help the
educational system. The metaverse classroom can foster

creative skills through a broad focus, identification of

concepts, ambitions, and concrete tasks. Learners prefer



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 251539

Pedagogy Design
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- Creativity in Online class

Figure 6 Gamification Pedagogy Trigger Design for Creative Experiences in Metaverse Classroom

and engage in the task by using gamification elements.
The reward system will influence motivation. Figure 6
shows the conceptual framework for learners to design
instructional activities. The framework aims to promote
learning outcomes and design activities during
instruction by using new technologies such as the hybrid
(metaverse), online, and traditional classrooms. This
study shows that analyzing can dominate the creative
process. Future research will find other pedagogical
triggers that promote creativity. Future work will
examine creativity in virtual classrooms in other
contexts, such as business or marketing courses. This
will require a larger data set. Classroom activities will
teach broad skills such as problem solving, reasoning,
and other experiential  skills.  Deconstructing
gamification elements will help educational designers

foster creative thinking skills in people.
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Count models have been widely used in various fields, such as medicine, biology, and public health. The most frequently
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1. INTRODUCTION

Count data is a statistical data type which describes the
frequency of events or items that are occurred within a
fixed period of time. Count data can be found in a
variety of fields, such as medicine, biological sciences,
epidemiology, and public health. For example, the
number of heart attacks, the number of students absent
during a period of study, the number of men infected
with human papillomavirus, the frequency of traffic
accidents, the number of cigarettes smoked, and the
number of people infected with COVID-19 on a daily
basis (Hilbe J. M., 2014; J.-H Lee et al., 2012;
Klakattawi H. et al., 2018). In order to extract a crutial
information from the count data, a suitable approach
such count data model is required for data analysis.

A regression model is the most frequently used as
an analytical model. Its objective is to investigate the
relationship between a response variable and predictor
variables. There are two types of regression analysis:
linear regression and non-linear regression. Linear

regression is the most popular type of regression

analysis in which the line that best fits to the data
according to a specified mathematical criterion is found
(Kung-Yee Liang & Scott L. Zeger, 1993). When the
response variable is count data, the classical regression
model may not feasible to use. Thus, Poisson regression
is the most popular model for modelling count data. The
Poisson regression describes the relationship between
predictor variables and the response variable. Poisson
distribution, with the conditional mean of occurrence
equal to the variance of the response, which is called
equi-dispersion (Saputo D. et al., 2021; Wan Tang et
al., 2012).

In most cases, the variance of the response variable
is greater than its mean, which is known as over-
dispersion. The extent of over-dispersion may be
determined simply by comparing the sample mean with
the variance of the response variable (Cameron A. C.
& Trivedi P. K., 2013). In some situation, the over-
dispersioned data are caused by the fact that the data
contains outliers. A negative binomial regression model
or a gamma distribution mixture model is commonly

considered the default choice for over-dispersed count
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data since the variance of the response variable exceeds
the mean (Hilbe J. M., 2014). Moreover, in the case
of large sample sizes, the discrete Weibull regression
model is an attractive alternative to the negative
binomial regression model for over-dispersed count
data (Klakattawi H. et al., 2018).

There have been a variety of researches conducted
to deal with over-dispersion data for count data models.
For instance, Ver Hoef and Boveng (2007) proposed
a model for over-dispersed count data using quasi-
Poisson and negative binomial regression. The data
collection was based on aerial surveys of harbor seals.
These counts were affected by date, time of day, and
time relative to low tide. They provided results from a
data set that showed a dramatic increase in harbor seal
abundance when using quasi-Poisson versus negative
binomial regression. Linden A. and Mantyniemi S.
(2011) wused negative binomial regression to
investigate model over-dispersion in bird migration
data sets. According to the findings, the negative
binomial regression model could be a reasonable
approximation for modeling marginal distributions of
independent count data. J.-H. Lee, G. Han, W. J. Fulp,
and A. R. Giuliano (2012) demonstrated Poisson,
negative binomial, zero-inflated Poisson, and zero-
inflated negative binomial models for over-dispersion
count data. The data set contained the number of
incidents involving human papillomavirus infection.
The four models produced different statistical findings.
Klakattawi H., Vinciotti V., and Yu K. (2018)
presented a count data model based on a discrete
Weibull regression and compared it to Poisson and
negative binomial regression based on over-dispersion
data. The result found that the discrete Weibull
regression could be applied to over-dispersion data
better than other models. Yinglin Xia et al. (2012)
analyzed data from HIV preventive intervention studies
and compared four popular statistical models: Poisson,
negative binomial, zero-inflated Poisson, and zero-
inflated negative binomial. They found that a zero-
inflated negative binomial was better than other models

under the likelihood ratio test, AIC, and BIC criteria.

Melliana A. et al. (2013) used data on the number
of cervical cancer cases to compare generalized Poisson
and negative binomial regression, which was an
indicator of over-dispersion. The negative binomial
regression model was the best model since it had the
lowest AIC value. Avei E., Alturk S., and Soylu E.
(2015) compared over-dispersed algal data count data
models. The regression models of Poisson, quasi-
Poisson, negative binomial, and COM-Poisson were
considered. Because the log likelihood and AIC were
the minimum, COM-Poisson regression was the best—
fit model. Jasin M., Hussein M., and Hamodi H.
(2017) compared models for the number of patients
infected with pneumonia. The Geometric, hurdle, and
zero inflated-Geometric regressions were compared.
The results of log likelihood and AIC indicated the zero
inflated-Geometric regression was the best fit.
Alebachew A. (2019) collected data from lecturers’
publications between November 2015 and 2016 and
compared the performances of count data models such
as Poisson, negative binomial, zero-inflated negative
binomial (ZINB), zero-inflated Poisson, and Poisson
hurdle. The ZINB regression model was chosen as the
most appropriate and efficient regression model based
on AIC value. Durmus B. and Guneri O. 1. (2020)
studied the generalized Poisson and Poisson regression
models for over-dispersion data on the number of
strikes between 1984 and 2017. The result found that
the generalized Poisson was the best model.

In this paper, we compared count data models using
simulation study and two different over-dispersion real
data sets. Three models namely Poisson, negative
binomial, and discrete Weibull regression were
compared in this paper. The main difference between
this paper and the other papers published so far is that
we aimed to compare count data models for a small
sample size using both of real data sets and simulation
studies. In the next section, we present materials and
methods which cover the details of models used in this
study. The parameter estimation method and the details
The results and

of data sets are also presented.

conclusions will be presented in the last section.
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2. MATERIALS AND METHODS

In this section, we introduce models for count data

namely Poisson, negative binomial, and discrete
Weibull regression models, as well as methods of
parameter estimation, criteria used to validate the model
performance and simulation study, respectively. Further
the details of data sets used in the study are also
presented.
2.1 Poisson Regression

Poisson regression is a popular and fundamental
model for modeling count data. In some situations, the
response variable represents a count data of some rare
event or a count of particulate matter. Hilbe J. M.
(2014) introduced the Poisson model where the
response variable is a count number, or the response
terms must be nonnegative integers. The observations
are independent of one another, while the mean and
variance of the model are identical. The discrete random
variable  is Poisson distribution with parameter H ;
o> 0 . The probability mass function (pmf) is

)

Fy;p)="2 o

y=012,... 1e))

where mean and variance are E(Y) =M and

Var (Y) = UL, respectively (Nakagawa T. & Osaki
S., 1975).

The maximum likelihood method was used to
estimate the parameters in a Poisson distribution. Given
a random sample from a Poisson distribution, the log-
likelihood function (Cameron A. C. & Trivedi P. K.,

2013) can be written as
n n
InL(yi;/u):_n/u_Zln(yi!)+In:uZ(yi) @)
i1 i1
Maximum likelihood estimator of U is

PRY ®
i=1

ﬂ:

S|

The log-link function is used with the Poisson

distribution and can be written as

,uizexi,ﬁ; i=123...,n )

where X! :(Xil’ Xi2’ Xi3""' X

covariates and ﬂZ(ﬂO,ﬂl,ﬂz,...,ﬂk)l is an

unknown vector of regression coefficients (Montgomery

et al., 2012).

ik) is a vector of

The Poisson regression is formulated as
Y, =exp(X/8) )

where YI is a vector of response variable in the form
of size of vector (Saputo D. et al., 2021).
Maximum likelihood estimation method has been
widely used to estimate the parameters in Poisson
regression. From Equation (2), log likelihood function

can be expressed as follows

n

In L(yi;ﬁ):Z{inizB_e(X"ﬁ)_In(yi ')} (6)

i=1

2.2 Negative Binomial Regression
From the previous section, the assumption of the
Poisson regression model was the equality of mean and

variance. In most situation, the variance will exceed the
mean, Var (Y) > E(Y) , and the distribution allows

for over-dispersion. Hence, the negative binomial
regression would be suggested (Ismail N. & Jemain A.,
2007). Hilbe J. M. (2014) summarized the negative
binomial regression model’s assumptions as follows:
the response variable is a count of nonnegative
integers.

The negative binomial distribution or the Poisson-
gamma mixture distribution (Cameron A. C. & Trivedi

P. K., 2013) has the probability distribution function

as
yi+$—l 1 é au Vi
f(yua)= :
(Viu) 1, (lﬂwJ (1+0wJ G
(24
or
I(y+a™) ;

f(yipa)= r(y+1)r(al)[aoll:,uja [alﬂ:r,ujy
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where & >0, y=0,1,2,.... The function F() is

the gamma function. The mean and variance of Y are
E(Y) = M and Var(Y) = u+pla = u(l+opu)-

In order to fit the negative binomial distribution, the
parameter must be estimated by using maximum

likelihood method. For a given random

Yir Y2 Y30 ¥

distribution, the

sample

from the negative binomial
log-likelihood function can be

presented in [ formats as follows

L(yima)= Zy. (“ﬁﬂj éln(l+ayi)+lnr(yi+éj
~InT(y, +1)flnl"($j. ®

The negative binomial regression model used the

log-link function (Hilbe J. M., 2014) given by

In(4)=In(E(Y e, 8)) = X/B; 1<i<n )
or u=exp(X/B)

when [ is unknown vector of regression coefficients.

Maximum likelihood estimation was used to
estimate the parameters of negative binomial regression.

The log-likelihood function is given by

aexp(X/8) ) 1 ,
L(y;B.@) Z_l:y, [1+aexp(x{ﬂ)]_aIn(1+anp(Xi’B))

+Inl“[yi+lj—lnl"(yi +1)—Inl"(£j (10)
a a

2.3 Discrete Weibull (DW) Regression
Klakattawi et. al. (2018) introduced the discrete
Weibull regression model for count data for 3 types of
dispersions: over-dispersion, under-dispersion, and
covariate-specific dispersion. Most of the research
applied the NB regression model to the over-dispersion
count data. For this reason, in this study, we compare
the DW regression models with the NB regression
models. In addition, the DW regression model was

compared with the Poisson model to obtain clear study

results.

If a random variable Y follows the discrete
Weibull distribution (type 1) (Nakagawa T. & Osaki
S., 1975), then the pmf is given by

f(yiga)=a"-q"; y=012...

, (1D

where the parameter 0 < (<1 and & > 0.
The mean and variance for DW distribution are

given by, respectively,

Y)=u=30"
y=1
and

Var(Y)=o? :Ziyqya -

We can estimate the parameter for a DW

distribution by using the maximum likelihood method.

Given that y11 yz, y3’ ..
from a DW distribution, the log-likelihood is given by

o yn are a random sample

L(y;q,a)=ilog(qy‘“ —q(y'”)a) . a»
i=1

Klakattawi et.al. (2018) introduced the model of

the relationship between a count response variable and
a set of covariates when the response Y, has a DW
f (yiiq(xi)’a|xi) ’

q (Xi ) is the DW parameter related to the explanatory

conditional  distribution

variables Xi through the link function:

log(—10g(q,))=XB, XB=P+Xf+..+X B, - O3
According to Equation (13), (i can be illustrated as
g =¢e y (14)

from which the conditional probability mass function of

the response variable Y, given Xi is as below.

f (yi |Xi ) - (e-exf/’ )yla _(e—e*f/’ )(YIH)Q (15)

Parameter estimation for unknow parameter [ and
«a used method of maximum likelihood estimation. The

log-likelihood is given by

s =Salfe ) e ] e
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2.4 Method of Parameter Estimation

The maximum likelihood estimation (MLE) method is
the most widely used to estimate the unknown
parameters of an assummed probability distribution.
For a given observed data, MLE attempts to find the
parameters with the highest joint probability by using
an optimization method. In this case MLE method aims

to find the maximum of the likelihood function
L(8;y). If the likelihood function is differentiable,

the derivative methods can be directly applied to dind
the maxima. In most circumstances, numerical methods
are necessary to find the maximum of the likelihood
function. The computational methods used when the
estimate of MLE is not in a closed explicit form are the
Newton-Raphson iterative method, the method of
scoring, the simplex method, and the EM algorithm
(Cameron A. C. & Trivedi P. K., 2013; Garthwaite et
al., 2002).

In practice, it has been observed

that maximization of log-likelihood function

In [ L(@; y)] is much easier than direct maximization

of L(@; y) In this paper, we presented the log-
likelihood function for estimating the parameters of
count data models. We used the package in the R
program to estimate the parameters or coefficients for
count data models. The analysis was carried out in the
R program by using the glm () function, glm. nb ()
function, and the package ‘DWreg’, respectively.

2.5 Criteria

This section presents the criteria for comparing count
data models. For fitted models, most papers used
the Akaike information criterion (AIC), Bayesian
information criterion (BIC), and log-likelihood (LL).
In 1973, Hirotsugu Akaike proposed a model selection
criterion based on the fitted log-likelihood function.
The AIC is the most commonly used fit statistic. Let
L be the model likelihood, [ is the number of
parameters (predictors) in the model. The AIC is
AIC =-2In(L)+2p (Cameron A. C. & Trivedi P.
K., 2013). In 1978, Gideon schwarz proposed the

modification to AIC include the Bayesian

information criterion. The formulate of BIC is

BIC:—ZIn(L)+ pln(n) with P is number of

parameter and I the number of observations in the
model (Hilbe J. M., 2014). When considering the
maximum likelihood method, the log-likelihood ( LL )
test can be used for model comparisons. The LL test
can be used to determine whether or not there is over—
dispersion. Probability ratio statistics is calculated as;
LL = 2(In L1—In LO) Where |_1 and |_0 are the
log-likelihood under the respective hypothesis. When
the AIC and BIC values are the least, or the LL value
is the greatest, it is possible to conclude that a model is
excellent (Montgomery et al., 2012).
2.6 Simulation studies
In order to implement the count data models, we
simulate the data set and then apply the three count data
models with the simulated data set. The details of
conducting simulation studies are given as follows:
We set the simple regression model using equation

(17)

logu =4, +p%, i=1,2,3,....,n  an

We set up different sample sizes (N) as N =20, 50,
100, 500. All the results are based on the average of
1,000 repetitions through the following steps:

1) Simulation of random samples of sizes N to
present the predictor variables from the normal
distribution, X ~ N (0, l) .

2) Set up the parameters ﬂo =15, ,31 =1.

3) Simulation of data from a Poisson inverse
Gaussian distribution as the true model with a sample
size N, =15 and o=2.

4) Estimation of parameters by MLEs method.

5) Repeat steps 1-4 for 1,000 times and then
compute the average MLEs, bias, and MSEs.

2.7 Data Sets

In this study, we also consider two over-dispersion
data sets as an application of the count data models.
These two data sets have been selected as they are
similar in terms of sample sizes and the same over-
dispersion. The two data sets consist of the number of
deaths caused by accidents per day and the dataset in
the Ecdat R package. The details of each data set are

given below.
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Table 1 The number of deaths caused in accidents per day from January to June of 2021.

Count 0 1 2 3 4 5 6 7 8 9 10
Frequency 1 3 8 9 15 25 9 23 15 10 10
Count 11 12 13 14 15 16 17 18 19 20 >21
Frequency 7 2 5 7 4 3 3 1 2 1 1

Table 2 The number of contracts strikes in US manufacturing observed monthly from January 1968 to December 1976.

Count 0o 1 2 3 4 5 6 7 8 9 10 11 13 15 16 18
Frequency 5 12 14 11 9 14 9 4 7 10 6 1 3 1 1 1
(a) (b)
(
£ 1 1 H 1
§ o ; 7 L RE
T T,
] | AR ERER 1 T
Number of deaths caused in accidents Number of contracts strikes

Figure 1 (a) The distribution of the number of caused in accidents per day and (b) the distribution of the number of contracts strikes in US manufacturing.

Table 3 The coefficients of the Poisson, NB, and DW regression models and model comparison based on the simulation studies.

Estimates
n Model parameter AIC BIC LL
Coefficient
20 Poisson ﬂ 0.64442 78.9700 80.9615 -37.4850
0
ﬂ -0.04653
1
NB ﬂ 0.64457 78.2695 81.2566 -36.1347
0
ﬂ -0.04934
1
DW ﬁ -1.3582 78.1311 81.1183 -36.0656
0
ﬂ 0.0854
1
50 Poisson ﬁ 0.2071 171.3467 175.1707 -83.67334
0
ﬂ -0.2931
1
NB ﬂ 0.2145 163.3170 169.053 -78.65849
0
ﬂ -0.2678
1
DW ﬁ -0.6752 163.3486 169.0846 -78.67428
0
ﬂ 0.2217
1
100 Poisson ﬁ 0.2095 305.2494 310.4598 -150.6247
0
ﬂ 0.0362
1
NB ﬂ 0.20959 302.5666 310.3822 -148.2833
0
ﬂ 0.03696
1
DW ﬂ -0.87466 302.3092 310.1247 -148.1546
0
ﬂ -0.06101
1
500 Poisson ﬁ 0.33585 1820.7274 1829.1566 -908.3637
0
ﬂ 0.03624
1
NB ﬁ 0.3358 1634.8996 1647.5434 -814.4498
0
ﬂ 0.0399
1
DW ﬂ -0.6565 1635.0194 1647.6632 -814.5097
0

ﬂl -0.0340
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Table 4 The coefficients of the Poisson, NB, and DW regression models and model comparison of the data set 1.

Coefficients/Criterion Poisson NB DwW
Estimates Coefficient ~ Standard Error ~ Estimates Coefficient Standard Estimates Standard Error
Error Coefficient
Intercept 1.52032 0.0433 1.51040 0.0608 -4.2382 0.2848
Number of accidents 0.00465 0.0002 0.00473 0.0004 -0.0112 0.0013
AIC 1003.381 969.162 970.768
BIC 1009.778 972.384 980.363
LL -499.690 -481.581 -482.384
Table 5 The coefficients of the Poisson, NB, and DW regression models and model comparison of the data set 2.
Coefficients/Criterion Poisson NB DwW
Estimates Standard Estimates Standard Estimates Standard
Coefficient Error Coefficient Error Coefficient Error
Intercept 1.6539 0.0422 1.6538 0.0686 -3.0704 0.2625
Economic activity 3.1342 0.8032 3.2250 1.2841 -5.2937 1.8958
AIC 627.969 566.597 564.157
BIC 633.333 574.643 572.203
LL -311.985 -280.298 -279.079
Data set 1: The number of deaths caused by accidents 3. RESULTS

per day from January to June of 2021, which included
181 observations obtained from the website of government
data in Thailand: https://datagov.mot.go.th/. The
predictor variable is the number of accidents per day,
and the response variable is the number of deaths caused
by accidents per day. The sample mean and variance of
the response variable are 8.3867 and 38.6829,
respectively. This clearly indicates the existence of
over-dispersion as the response variance is larger than
the mean. The details of data set are shown in Table 1.

Data set 2: The StrikeNb dataset, which was
retrived from Ecdat R package at http://CRAN.R-
project.org/package=Ecdat. The response variable is
the number of contracts strikes in US manufacturing,
observed monthly from January 1968 to December
1976, which includes a total of 108 observations. The
predictor is the level of economic activity, defined as
the cyclical deviation of aggregate production from its
trend level. The sample mean and variance of the
response variable are 5.2407 and 14.0723. It can be
clearly seen that the response variance is larger than

mean, indicating the existence of over-dispersion.

Table 2 displays data from the second data set.

The modeling results of the Poisson regression,
negative binomial (NB) regression, and discrete
Weibull (DW) regression obtained from the simulation
study and two data sets are presented in this section.
Comparison results based on the AIC, BIC, and LL fit
statistics are presented in Tables 3—5, respectively.

Table 3 presents the comparison of the three models
obtained from the simulation studies. The results show
that the DW regression provides the smallest AIC value
at sample sizes of 20 and 100. It is however, when
the sample sizes are 50 and 500, the NB regression
shows a minimal AIC value.

Table 4 presents the comparison for the 3 models
obtained from the first data set, including Poisson, NB,
and DW regression models. The results show that the
NB regression provides the smallest AIC value with
slightly lower than that of DW regression model. When
we consider the BIC value, it indicates that NB
regression model fits this data set well. Further, NB
regression yields the highest value of LL criterion. This
indicates that NB regression is the best fit for data set
1 with the coefficients estimated about 1.51040 and
0.00473, respectively. The regression equation for the

number of deaths caused by traffic accidents can be

expressed as Y =exp (1.5104+ 0.00473X) .
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Table 5 compares the three models using the second
data set. The results illustrate that the DW regression
provides the smallest AIC and BIC values and the
largest LL wvalue. It can be clearly seen that the
differences between the LL values of NB regression and
DW regression are very small, hence it could be
concluded that DW regression is the best model for data
set 2. The coefficients estimated of the DW regression
are  approximately -3.0704 and -5.2937,
respectively. The regression equation for the
contract strikes is

number of given as

y =exp(—exp(-3.0704-5.2937x)).
According to the comparative results among three
regression models for overdispersion data using the
simulation studies and two data sets as presented in
Tables 3-5. We have observed that either NB
regression or DW regression models are superior over
Poisson regression model with respect to AIC, BIC, and
LL criteria. Hence, both of NB regression and DW
regression models are recommended to be used for

overdispersion data.

4. CONCLUSION

This paper presents a comparative study of count data
models for over-dispersion data. The count models
included in this study are Poisson regression, NB
regression, and DW regression, respectively. We study
base on the simple regression models by the simulation
studies. The data sets used are the number of deaths
caused by traffic accidents per day and the strikeNb data
set from the Ecdat R package. The criteria for
comparing regression models are AIC, BIC, and LL
values. The results show that the NB regression and DW
regression are the best fit models for over-dispersion
data under study. In order to extend the conclusion,
more data sets or other models such as Poisson-
weighted exponential regression could be further

investigated.
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Mmdan: muuunmsoenssthy, MULUUMIANnasnInNaY, 801aUaMsal, dnTunsde, A¥iNAINIAIVANMITIA

ABSTRACT

The objective of this research is to find a suitable statistical model to study the incidence rate of deaths among people
infected with COVID-19 in Southeast Asian (ASEAN) countries. The independent variables considered in this study are countries in
Southeast Asia, the total confirmed cases of COVID-19, the reproduction rate, the stringency index, and the new deaths attributed to
COVID-19. The online secondary data is used in this study, and the models considered are the Poisson regression model and the
negative-binomial regression model. The results show that the Poisson regression model is unsuitable for the data used in this study
because the variance of this data is significantly higher than its mean; this is called the overdispersion problem. On the other hand, the
negative-binomial regression model is the most suitable model for studying the incidence rate of deaths among people infected with

COVID-19 in Southeast Asian countries. Moreover, Thailand has been found to have
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a higher incidence rate of death from COVID-19 than other Southeast Asian countries; the incidence rate of death from COVID-19

in Cambodia, Indonesia, Laos, Malaysia, Philippines, Singapore, and Vietnam is lower than in Thailand by 99.5%, 99.4%, 28.1%,

99.4%, 72.0%, 99.7%, 56.0%, 97.9%, and 45.4%, respectively.
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rnunsemslugagudlushasswiuduanile
Hudu Toedasuuditasduiiddyradiuuums
pnoaaUlgy Ao MIuUsAINABITNISUAN LAY
wuuthee (Measwhiuanuulsusin) wazdius
sasuludhusdaiiloavialududsdanguiilaid
ANNANNUSIUG
d1Sudruvunisonnasdlnalasuse

(fitted Poisson regression model) ﬁgﬂuuué’qﬁ

IN&= Bo+ fiXa+ BaX ot ot Bo X p )

la=exp(léo+/§1x1+/§’zXz+---+ﬁpX o) (@)

Wo 4 #a ewadsaessimudsmn (Y)
Bo  Aa MUsznuAmAIIIaINILUUNIINDRY

= v

Bo o py 0D Aszunadulseansnng
000U YDIAIUUY
X1 X g0 X p 0D 90U5BETE
(John et al., 1966) WALAILUUNITOANDDEUIYS
Imaﬂssuwmdwv%né’mwmitﬁﬂmqmiiﬁﬁauh

(fitted Poisson regression model for rate) flgﬂLL‘U‘U A1

In(?j=ﬁ0+ﬁ1Xl+ﬂ2X2+-"+ﬁpX b 3)
Toanaands ¢t do su1aUdszeInsupaudaslssing
wag Int 138037 offset (McCullagh & Nelder, 1989)
Pt oA g ' oA & VoA (a
Falumnusuiaazaliaa ¢ uennilasundag

AILVUNITOADBENIUINAY ( Negative-binomial
regression model)
fruvunsaaasandunauluduuuiilasunis
Wau1ndadasuaediuuuniIsananatizaila
WINZANAUZBYA NENIAB MILUUNTANDBENIUIN
avasfigathanlFunudauuumsonoasthoelunsdd
Fudsauiidianuulsunuganianaienia
3end Jymnsnszneidutnaei (overdispersion)
Tos  dhuuunsoansaninvauiemdagluuy
TAS9831929A LV ULEULABINUAILUUNISO ADBE
129 (John et al., 1966) @8

IN& = Bo+ BiXa+ BaX o+t Bo X (4)

(e Ao amdszasemdsmu (Y)

i
Bo  Aa MustnudAsizaILUUNIIn0aY

I~ v

Bofonfy 0D AruszanadnUszananns
0ADBEYDIAIULUU
X1 X200y X p B 25D

NSATIAFDUANINHNZTNYBIAULUU
Tunsisensail giveldnisnadaunizarsua
(goodness-offit test) lumsarasauhfmuuuiigs
Fuflanuminzantudoyaviali Tesfaundguuas
MINaFaU Aa

H, @ suuulinnumnsaunuiaye
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H, : sauvulifienummnzaniuiays

wananil dwsuiuuumsannastizg {ivela
lanrsnasgaunstiadayvinisnszargtiuinas
(overdispersion) 3708 ienagauhenuulsUsu

]
v

v v = <) a A 3
wawagagqmmquLﬂummwmﬂgmamuuu

[ ]
a1

wiali Tasdoyanignanaindszansfiiinisuan
Lmqﬂamﬁqmauﬁ'ﬁﬁéwﬁmﬁammuﬂsﬂﬁuuax
Mnasdasiimuhiu G manadgaumstiatam
MasnsznaunaisvsumILuuMIonaaatzeds
Wunsnasgauitanuulsusiuzesdayageniy
fmievidali Tosfiauyfgiumasmnagauia

4

H, : dayalinadaymmsnszaneaifiuinoe

¥ a

H, : deyaiadaymmsnssanadiunmd

waein ElumslSsuiisulszansmweasdanuu

lumsivoasail gveldinamisnsaumnaraaznsding
( Akaike’s information criterion; AIC) $38A1 AIC Ty
mswisuifisulszansmweasdanuy Taeduuudii
ANMIINgaNAUTBYS (NNMINAgaY  MIzaFUd
(goodness—of-fit test)) wazliian AIC G%Wﬂ”h azhan
Hushuuuiiiuszansmwannni lunsdimnniinesd
gavaanvugnUszadlsiinnzianiugega
(maximum likelihood method) @1 AIC zmnulenn

AIC =-2InL+2p )

wazlunsdinmnniwasuasdinuugniszanaeg
5Masaeipenda (least square method) @ AIC 9z
Al

AIC:nIn(ﬁjJer ()
n

'
A

e N Vi

THIUUVBDYD

)Y
Do

9
A o a o @

p Ao IUWINNReS luaN

SSE fp #aunfaiaodunanunaIanaen

A 1 @ ] I

L fe migegaveslendunngiingily

(@NNUT U UNAEEN, 2561)

2. 25M1579Y

st Q’ﬁﬁ'ﬂlﬁﬁmuﬂ%%uazﬂgumaumi

Fiflumsiseeail
ﬁagaﬁlﬁ"lumﬁﬁ'a
Fayail#lumaiseassildusayandagian

ADNYBYD COVID-19 283 Our World in Data

(OWID) 39twaunsanulainiaiiulasd
https://github.com/owid/covid-1 9 - data/tree/
master/public/data Tagaaulany m%’ayaﬁﬁwmﬁnm
fa doyaneTudiudiuil 1 unnen - 3 Gguieu
W.6. 2565

Mulsildlunmaise

FauUsay #a S1uIuganiia COVID-19
MdeFieneiu

futsdase loun Usunaluedensiuaanieald
uugthediugy (confirmed case) 53 Sanundize
(reproduction rate) 4asAFHNININIAIVANMITEUIN
(stringency index)

dufudulsuszmalue FoazSuaaniedda
Whushudsidenamw §idaldhmanasududuls
Y'Y (dummy variable) e l#lunisadreduuy
Toelviswa oail

3. 30MLHIUNITINY

Uszine

.,
b
2
b
>
b
i3
o
b
x
b
b
>

uslu

Ay
iy

aulailize

an

=
A RIGIYf]

Wauan
Waulud
Faalud

=
AN

o|lo|o|o|lo|o|o|o|o]|~|H
o|lo|o|o|lo|o|o|r|o]|o|
olo|o|o|lo|o|~|o|lo|ol|X
o|lo|o|o|o|~|o|o|o]|e

olo|o|o|~|o|o|lo|lo|e|X
olo|o|~|o|o|o|lo|o]|o|H
o|lo|~|o|o|o|lo|o|o|ol|H
o|l~|o|o|lo|o|lo|lo|lo]|e

Tna

w|lo|o|o|o|lo|o|lo|o|~|o]|X

aw A vaw o 0] & YA
anawme *luﬂ"l‘i'ﬁlﬂﬂ NU l’d'}ﬂﬂﬂ']ﬁuﬂsl‘lﬂﬂizl,ﬂﬂlﬂﬂLﬂuﬂQNB'N'EN

on

(reference group)

1. @59989UMNNTNWUS (multicollinearity)
sermudsdase (Usenaluedenziuaaniaala
Snugthefufusin Sanunsde wasdaiinasms
AIVANNITIZUIN) LABWAITHININAT variance
inflation factor (VIF) wazynnsaadiudsdaseii
ANMNFNNUSAUGY (VIF>5) (Vittinghoff et al.,
2011) 88NINMINITAN

2. FSNMULUUMIDN0a8tI%e (Poisson regression
model) MnGusBaTEA lifanuduiusiug

3. andauANNINzaNTasmLuUTldlude 2
Nienummnzaniuiayavis i lagldmsneaau
m’;zmgﬂﬁ (goodness-of-fit test) WATNINAFIUNIT

wadamnmsnszaeiunae (overdispersion)
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Muvunsanaastiga (Poisson regression model)
ilasnndudsmuililumsdnmnadeiida g
fnlga COVID-19 NMiduFinsneiu E‘?}uﬂuiiagaum
#U (count data) LATHNITUANUIILU VLU
Faguawd 2 dailu lumsdnwassifsEunnms
NsUeLUUNISanaaa Ul d I nsudAn eI 0 )

4. MneIkuunsonoastiganletuda 2 Ly
guiimsalmsidediovesdfioza COVID-19 lungu

MaNEEN YIN1SE519AULUUNISONDBENIUINGY

( negative-binomial regression model) LA ev 1N

ATINFDUANULANILTNYDIA LU
Usenaadensiueaniield (ASEAN)

5. 1FaUguUsEENSNMWYRIAILUY WaLLaBNe?
NANISILATIERAILUUNITOA 0 B8 TITILTAIA

wuunddszandawangalasiarsanaininuni
Frsdutnduasaznedine ( Akaike’s information

MINN 3-5
dAnwannavamanimsdediovesdfaiie COVID-

o v o o
PNMIND 3 alaauuumsonnssizedInsu
19 lundudssinataidensiuaaniiiaeld (ASEAN)

criterion; AIC)

6. TUsunsunlalunisusznionauazdtassy
doya Ao TUsunsn SAS (SAS® OnDemand for

)

Academics)
-
133
|n(ﬁ] = 15108+ 0.136X,, - 3.537X,, ~1.422X,, — 2.562X,, —0.433X,; —5.323X,,

Fer oMUY

~1.219X,, —0.894X,, —0.509X,, +0.000X,, —0.606X, +0.046 X,
3 4
3 COVID-19 1

= WV
4. NanNIINAY
WANISANHILTDINILUUNNFDASIVSUAN BN

u

guanmsaimsdeiovesdfnie COVID-19 lungu
Uszinaaidensiuaaniiiaala (ASEAN) laun
Ty Aaeuy Jeeaallil i e o e
- vo & @e A @ d0nKGn
mam’s’am’swmaa&amlﬂ "
a PxY < o v A v
nan133taszvidayanilizesdiadrenilslu
INAITINN 4 WU Addanedaulaissdas
(chi-square) L¥INU 5375.449 waz@IN (p-value)
et 0.000 Feaguladn deyamhand@nwiie

msAnMASIiLEasdIm i 1
NNMR 1 wuh Ussnaildutudiisnudde
{0 COVID-19 Misiinnangigada 84 audaiy
u,azﬂfszmﬂﬁuwmlgjﬁﬁqmu@amﬁa coviD-19 71 Taymmsnszneiuinued B dLuuMsanna
FeFie Ussmadsamaiinudiheiuiunuais  Tishiminsauduiays
93700157497 5 HaNIINAFaUNIIEFIFUA
(goodness-of-fit test) §1USUAILUUNMTONDDTIB

g9g0A9 6,608,672 AU uazUsznaugluiisiuau
NN
wuh eadanadaulamasdas (chi-square) AU

41096.05 Uaz@IW (p-value) %8N 0.000 a5
1891 drwvunsanossifizededulumansanny

Wihedudusinmdedgnia 84,635 AL

WWSLIHBIRAENEAAD 1.18 dIUUsTNAININEATIUNS
HayagaiNIzaUladAYy 0.05 ZNTBAAFBINUNANS

as1adaudauninisnszaratiutnug aauy Tu

a4

(Wandmgnne 0.87

HANIITAIINFAUAIINTNNUSIZHINMIwDae
NMSANEIATIUITANNISANAILUUMSONDBENIUINGU

(Multicollinearity )
dasz wui daudsdasenndiidne (Uszmalu
Faaziueanideald Snufihediudusin gan
uwdide uasdriinasmMsmuaNMsszIg) e VIF
(variance inflation factor) UaenN3N 5 A4 ‘Eu aauds
dasena 4 dlufienwduiusiulussdugs Sah
Furlsdaszie 4 @ luimssheduuudmdudnm
dongliamssimsideiinuasgdoido coviD-19 lu
nanUssinataifeaziusaniiaald ( ASEAN) #i

NNATNN 2 HANMSTIANEHANNTNNUSUDIA LS
Wudausall
AIUUVUNITOADBENIUINAY ( negative-binomial
regression model)
NANISIATIEHAILUUNITONDDENIUINAULTAIA

M99 6-8

WNZaNGB b
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= a 2w &
13NN 1 Naﬂ'ﬁ’JLﬂi'lzﬂ’llBHa‘Yl’Jlﬂ

U0 ﬁ‘hmu@ﬁm%a Imnugfihedudy Sarunsida ABHNNHTNIAIUANTS

Uszina Uszens COVID-19 Maedin (Confirmed case) (Reproduction 32U1A (Stringency index)
(1,000 AY) Nefunae iy rate) \ae Wi
uglu 441.532 1 84,635 1.18 55.05
Ay 16,946.446 0 129,991 0.90 29.72
dulailide 276,361.788 82 5,449,238 1.05 60.96
an 7,379.358 3 164,342 0.87 71.03
WaLde 32,776.195 27 3,744,753 0.98 55.78
AIITUIFUN 54,806.014 1 582,155 0.90 70.28

anamwiilauan

Wautud 111,046.91 84 3,458,525 1.08 68.68
FalUs 5,453.6 4 823,099 1.15 55.07
Baauu 98,168.829 72 6,608,672 0.91 54.46
Tna 69,950.844 57 3,267,087 1.05 46.32

M3 2 MIATIFBUANNTNWUS TN

gulsdass VIF

dsuma (X)) 1.177
Snugthedudunn ( X,) 1.231
Sanuwida ( X 1.061
antlinasmsmugumsszne ( X,) 1.051

Fwaugihy Fwowddarta  dawwiidia daflaasms
Budusa COVID- 19 AIUYUNITTZNG
dedianeTe

Fwuiha 08
udusin
0.6
. 04
Fwugdaria GoviD-19
d = a
AFaTiaseiu 0.2
0
dasunhia 02
0.4
0.6
dnianasnis
AILAUMITTANR 08
E|
4 o o o f e @ oW e o P ) =
UM 1 unumwanduwus (Correlogram) waaMWMSndandunuszasmulsdaUsnanldlumsdnm
450
400
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00
w250
2
[ad
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snwmgaada covin-19 fideFinmeTu

Ui 2 unugiiuieuaashuougiaiie covip-19 fideiianeiuraslssinaaidonziusaniiedld awudifaunnsan w.a. 2565 - nguIAY
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A
§ ' a v o o @ 4 & o
M15199 3 AUszanamfinas ( ﬂ ) AIANNANALARDUNINTFIU (standard error) FadhnaanuEanu 95% 289386 (Wald 95% confidence limits)

PN o o 2 o v o
madanagaulamassesvasias (Wald X ) uazenii (p-value) drwSuduumsnnnaaths

A Standard Wald 95% 2
Parameter ﬂ . Wald ¥ p-value
error confidence limits

F”hﬂ\iﬁl -15.108 0.054 -15.214 -15.002 77929.10 <.0001*
ﬂigmﬂuﬂu ( Xll) 0.136 0.091 -0.044 0.315 2.20 0.1380
Uszinaduyn ( Xp,) -3.537  0.153 -3.837 -3.237 533.63 <.0001*
Uszinadulaiide ( Xj3) -1.422  0.025 -1.471 -1.372 3176.84 <.0001*
Usznean ( X14> -2.562 0.058 -2.675 -2.449 1979.60 <.0001*
Useinaaiade ( Xls) -0.433 0.023 -0.477 -0.388 366.10 <.0001*
Usznawsn ( Xg) -5.323  0.082 -5.484 -5.161 4173.11 <.0001*
Uszneilautud ( X;) -1.219  0.030 -1.2717 -1.160 1650.11 <.0001*
Uszimadaalud ( Xls) -0.894 0.045 -0.982 -0.806 395.19 <.0001*
Uszinadaauna ( X19 ) -0.509 0.024 -0.555 -0.463 462.99 <.0001*
Sruugihediugusiy X2 ) 0.000 0.000 0.000 0.000 1207.56 <.0001*
a“’mﬁuwﬁ'[,%a ( X3 ) -0.606 0.013 -0.632 -0.581 2114.96 <.0001*
ﬁ"zjﬁmmsmsﬂjuﬂumssguqﬂ ( X4) 0.046 0.001 0.044 0.048 2229.64 <.0001*

Deviance = 35113.894, Pearson chi-square = 41096.050, AIC = 39590.932

e * Aleshagymeaddnszau 0.05

M98 4 Mmamadaumsiiatymmsnszaaiunad (overdispersion) 2a9msaanaathzg

Lagrange multiplier statistics

Parameter Chi-square p-value

Dispersion 5375.449 <.0001*

g * Areshayneadanseau 0.05

AN 5 MINAFBUNNIENIUG (goodness-of-Fit Test) unudmuuumsanaaathn

goodness—of—fit test

Parameter Chi-square p-value

goodness—of-Fit 41096.05 <0.000*

v v

nniaenissautiaadny 0.05 aniudiuds X,  COVID-19 lunguissinatadaaziusanidesle

q

gauy Tugueaudaldazmsaaduls X, eanain  (ASEAN) i fa
fuuuLiiaginazyilia AIC anaaniali uanis In(%):—ls.%z — 3,655X,, — 1.708X,, - 2.879X,, — 0517X,;  5.686X,,
ALV UMINI NIV NN ULTAIRINTINN 7 (®

. ) ) ~1.316X, ~1.293X,,, — 0.961X,, +0.000X, — 0.312X, +0.054X,,
MNNONINN 7 wRUNWaMIMIaaads aan

ANAILUY 119 AY deviance AN Pearson chi-

f9 DAEPNLTD COVID-19

Y

nFdeIaNeIuade

£
(23]
— It)

square WAz A AIC 8n a9 (deviance = 1347.708,
Pearson chi-square = 1230.049, o ¢ AIC =

v - (21N NINTINFDUAN NN ENIDITILUUT 2
8608.771) lagazladuvunisanasaniuinay

v % o oa e e oan va & Tagldmsnagaunizasud (goodness-of-fit test)
dmsudnmanngliamsalmsdedinves]faiie s

wud laaadddnadauladiaedeas (chi-square)
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5197 6 Muuui 1 MussnamnNiess () MANNAIALATDUNINTFIY (standard error) MFdANAFaUlAMAIEBIIDITA (Wald ) Al (p-value)
wazdanadmdanaianmsaimsidediovesdadie COVID-19 (Incidence Rate Ratio; IRR) 2846I4UUM3DA0BEYININY

~ Standard Wald 95 %

Parameter ﬂ Error Confidence Limits Wald % ’ pvalue Rk
ﬂ"]ﬂ\i“?; -15.379 0.340 -16.045 -14.713 2047.55 <.0001* -
ﬂi:gﬂﬂuglu ( X11 ) -0.278 0.179 -0.630 0.073 2.41 0.1208 0.757
Uszneuyn ( X;,) -3.680  0.251 -4.173 -3.188 214.44 <.0001*  0.025
Usanedulaiide ( X;5) -1.704  0.185 -2.065 -1.342 85.31 <.0001*  0.182
Useineaan ( X14 ) -2.904 0.190 -3.277 -2.531 232.62 <.0001* 0.055
Uszinaanawde ( X15 ) -0.513 0.138 -0.783 -0.243 13.88 0.0002* 0.599
Usznemsn ( X0 ) -5.704  0.206 -6.108 -5.300 765.07 <.0001*  0.003
Useneilauid ( X;;) -1.283  0.203 -1.681 -0.885 39.90 <0001*  0.277
Usznadaalud ( X18 ) -1.303 0.153 -1.604 -1.003 72.22 <.0001* 0.272
Usznadaauny ( X19 ) -0.945 0.183 -1.303 -0.587 26.78 <.0001* 0.389
nnudihedudusn ( X,) 0.000 0.000 0.000 0.000 38.14 <.0001*  1.000
Sasunsie ( X3) -0.370  0.076 -0.518 -0.221 23.73 <0001*  0.691
ﬁ“ﬂﬁu’]ﬂiﬂ’]iﬂ]n@uﬂ’]ii:u’]ﬂ ( X4 ) 0.054 0.006 0.043 0.065 90.31 <.0001* 1.055
Dispersion 1.112 0.052 1.015 1.219

Deviance = 1488.320, Pearson Chi-Square = 1458.784, AIC = 8964.952

e * e dyneaddnszau 0.05

5197 7 Muuui 2 Mdssnanniead () MANNAIALARDUNNNATTIU (standard error) MadAnadaulamMaIaaIrnIia (Wald ) @il (p-value)

Y
LLaxﬁlVITla’)uaﬂ‘i'liqmﬂﬂ'liiﬁﬂ’l‘ilaﬂ“ﬁﬁ(ﬂ"ZJE]\‘il’é‘ﬂﬂl,?ﬁ] COVID - 19 (incidence rate ratio; IRR) YDNMNILLUUNTINODDUNIUINAU

~ Standard Wald 95% 2

Parameter ﬂ error confidence limits Wald pvalue Rk

mﬂ\i“?; - 0.339 -16.126  -14.798 2083.26 <.0001* -
15.462

ﬂixmﬂﬁuwum ( X12 ) -3.655  0.249 -4.143 -3.166 215.02 <.0001* 0.026
Usenadulailds X13 ) -1.708  0.182 -2.065 -1.352 88.17 <.0001* 0.181
Usznaan ( )(14 ) -2.879 0.188 -3.248 -2.511 234.9 <.0001* 0.056
Uszinanade ( X15 ) -0.517 0.136 -0.783 -0.251 14.48 0.0001*  0.597
Usznanah ( XlG) -5.686  0.204 -6.085 -5.287 778.72 <.0001* 0.003
UsznaauTud ( )(17 ) -1.316  0.201 -1.710 -0.923 43.06 <.0001* 0.268
Usznadanalud ( X18 ) -1.293  0.151 -1.589 -0.997 73.25 <.0001*  0.275
Uszinadaaun XlQ ) -0.961 0.180 -1.314 -0.609 28.52 <.0001* 0.382
’qjﬁu')uéﬂ’]ﬂguﬁ’ui’gn ( X2 ) 0.000 0.000 0.000 0.000 36.23 <.0001* 1.000
ﬁ’ﬂ‘j’]uw‘i[,%a ( )(3 ) -0.312  0.078 -0.465 -0.159 15.91 <.0001* 0.732
ﬁ"nﬁ“‘]msﬂ’]iﬂjuﬂuﬂ']iixu‘]ﬂ ( X4 ) 0.054 0.006 0.043 0.065 92.26 <.0001* 1.055
Dispersion 1.076 0.050 0.981 1.179

Deviance = 1347.708, Pearson Chi-Square = 1230.049, AIC = 8608.771

o o

nanewme * e ayneaddnszau 0.05
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MINT 8 MINAFBUNIEANIUR (goodness-of-fit test) SIMTUMIUUUNST

00088IUINAY

goodness-of-fit test

Parameter Chi-square p-value

goodness-of-fit 1230.049 0.558

Feaguledn danvunisaansaniuinaudieey
mmxauﬁ'ufiaga"qﬂf:ﬁssé'uﬂ'ﬂéwﬁfy 0.05 GamnTT 8

NNMLUVUMSAARENINNAUTLAINNSINR 7
Lﬁ'aﬁmsmw@h5@51dauqﬁﬁmitﬁmuﬁﬂ%%mﬂ
CoOVID-19 nastsznadu 1 lunguilszineiaide
aziusantiaeld (ASEAN) tiaunudszindlne
wuh Uszndlnefsasvionnudsdanmsidedio
211 COVID-19 gendszinadu 9 lungudssing
aBansiuaaniiedld (ASEAN) lagdssinanune
Useinaduledide Useindard Useindniaide
Usendldutud Uszinadealus wazUseinadianiuny
fisanvisanudsedansidedinan COVID-19
"aenNUsendlng 97.4%, 81.9%, 94.4%, 40.3%,
99.7%, 73.2%, 72.5%, Waz 61.8% MNa1aU (IRR

0.026, 0.181, 0.056, 0.597, 0.003, 0.268,
0.275, Waz 0.382 MNTIAU)

wannniiFanuh Srinnudihedudusaniaiu
1 Ay saviaanuEnedansidedinan COVID-
19 Tunguussinataidensiupaniieala (ASEAN)
9ranaaLdniias (IRR 1WN108 1) MeasIMsunsite
WNIY 1 Wi sanvidaenuiEssdamsidedinnn
COVID-19 228094 26.8% (IRR = 0.732) uazo
ﬁ'ﬁﬁmmmimuQum'ﬁismmﬁu%u 1 ¥ig 96097
WiaAuLEEI@an15I8EI@a1n COVID-19 2
Lﬁuﬁu 5.5% (IRR = 1.055)

5. agduazinsaiuanisidy

mu'ﬁ%’aﬁﬁi’mqﬂizmﬁtﬁaa%wéi’al,l,uumqaﬁaﬁm%'u
Anmsangianmsaimadeiinzasiaifa COVID-
19 Tunguussinataidensiupaniieald (ASEAN)
Taadaulsdassiivhindnu ds Usznaluialde
azusaniesld Snudihediugu (confirmed case)
590 BASIUNT LB ( reproduction rate) L8 6 %1
NININTAIVANNITILUIA (stringency index) loald
MIANMsanapeIne (Poisson regression) Lag
MIIATIEVNMIOADDENIUINGU (negative-binomial

regression model)

10

NAaNISANEIWUIN GakuunIsanaaatinely
mmzanﬁ'uﬁagaﬁﬁwm‘l%‘lumsﬁnmtﬁawmﬁ'mﬂaﬁ
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ABSTRACT

The purpose of this research was to compare the performance of the three control chart types: The Hybrid Exponentially
Weighted Moving Average Control Chart (HEWMA), Triple Homogeneously Weighted Average Control Chart (THWMA) and Double
Exponential Weighted Average Control Chart (DMEWMA) by detecting shift in size of the shape parameter of the process in which
the data has a 3-parameter gamma distribution. simulating the data studied by the Monte Carlo Method in which each situation was
repeated 10,000 cycles by specifying the shape parameter, scale parameter,location parameter amd the smoothing parameters of the

HEWMA control chart (A1, Aoy ) were set to 0.05, 0.08 and 0.10, 0.30, 0.50 THWMA control chart (4) is 0.03, 0.07, 0.09,

0.10, 0.20, 0.50 and DMEWMA control chart(ﬂ) is 0.03, 0.05, 0.07, 0.09, 0.20, 0.50. Process variation shift size ( & ) is
0.01, 0.03, 0.05, 0.07, 0.09, 0.10, 0.30, 0.50, 0.70, 1.50, 2.00 and 2.50. The criteria for the control chart’s performance is
determined by its average run length (ARL), where the most efficient control chart gave the least average run length when the process

was out of control (ARLl) . THWMA control charts the best monitor shift of parameter and as the size increases the THWMA control



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 248025

A A
chart performs similarly to the DMEWMA (—E and DMEWMA _Z control charts if the shift is large. The HEWMA control

chart will give you the best performance.

KEYWORDS: Hybrid exponentially weighted moving average, Triple homogeneously weighted moving average, Double-modified

exponentially weighted moving average and Average run length
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MINN 1 MANNENITUARIYDIUKNUNNAIUAN HEWMA

shift (8)
Distribution Lampdal Lampda2 L
0.01 0.03 0.05 0.07 0.09 0.10 0.30 0.50 0.70 1.50 2.00 2.50
0.10 5.10 366.014 342.138 335.311 298.701 277.794 255.879 108.029 59.574 41.458 19.51 15.003 12.376
0.05 0.30 11.70  363.047 350.5073 343.318 336.464 316.673 319.562 189.910 98.566 55.523 15.644 10.902 8.135
G(1,1,1) 0.50 17.90 368.796 354.600 353.504 339.170 320.524 323.590 233.836 142.808 93.008 23.400 13.000 9.542
0.10 4.22 359.031 342.630 317.672 294.685 269.810 268.596 108.221 57.713 41.118 18.988 14.534 11.938
0.08 0.30 9.20 362.122  352.5064 347.018 321.351 306.657 308.348 174.594 95.668 56.490 15.188 10.483 8.148

0.50 13.85 363.202 359.072 350.106 344.664 343.844 333.452 225.422 140.890 88.596 22.5050 13.078 8.920

0.10 5.01 361.388 325.194 316.300 292.781 262.136 262.717 106.886 62.733 45.714 22.678 34.763 14.444

0.05 0.30 11.65 363.596 351.880 338.493 332.294 312.640 305.505 189.958 100.949 58.138 16.662 74.146 8.838

G(1,2,1) 0.50 17.91  365.506 353.768 349.260 340.7092  338.950 323.106  237.560 154.022 92.074 22.220 18.261 9.416
0.10 4.20 362.606 341.321 315.745 308.744 278.498 257.839  112.898 63.946 45.365 22.398 34.147 14.431

0.08 0.30 9.20 368.453 357.112 341.736 331.458 316.639 312.987 191.857 99.261 56.529 15.996 71.183 8.873

0.50 14.13  364.838 361.844 353.336 352.964 338.550 244.676  152.250 99.532 23.458 20.1034 12.854 8.888

0.10 8.90 366.083 345.234 322.5085 294.120 287.501 272.034 119.928 68.360 49.265 25.784 20.2050 16.626

0.05 0.30 14.95 369.168 366.771 344.503 332.250 311.841 311.868 184.664 99.706 56.280 17.612 12.246 9.596

G(1,2,2) 0.50 17.80 368.168 362.190 352.5068 332.484 330.936 314.998  228.702 147.024 93.352 22.194 13.018 9.622
0.10 7.43 358.414 337.943 323.979 300.7054  278.367 263.229  109.877 66.696 49.079 25.170 19.926 16.537

0.08 0.30 11.85 369.326 350.074 331.854 333.195  312.5075 316.104 183.448 100.912 57.035 16.649 11.906 9.113

0.50 14.07 366.186 362.498 358.420 357.892 345.380 343.206  242.968 168.074 101.146 21.706 13.278 9.462

0.10 3.30 366.482  350.2019 326.131 306.531 300.393 281.661 159.106 91.102 65.323 33.569 26.425 22.424

0.05 0.30 7.36 360.909 356.712 352.058 337.541 333.602 321.674 222.728 141.668 90.951 25.142 17.127 12.884

G(2,1,1) 0.50 15.60  365.980 358.448 355.508 348.218 339.452 335.534 255.526  181.5064 131.152 36.164 19.572 13.258
0.10 2.70 361.754 341.262 318.706 304.801 284.230 278.975 149.796 86.117 63.210 32.845 26.145 21.803

0.08 0.30 5.80 369.430 360.913 349.988 344.817 330.101 329.392 225.087 137.921 24.685 16.213 12.478 8.082

0.50 12.30 369.894 364.244 360.488 355.764 347.694 344.156  267.376 186.874 147.192 34.572 20.2094 13.032

0.10 3.31 366.809 352.060 335.852 328.913 307.287 294.638 161.135 96.994 41.428 37.203 30.070 25.426

0.05 0.30 7.30 360.351 347.573 344.008 335.183 325.558 319.821 218.176 133.810 27.681 26.298 18.080 13.696

G(2,1,2) 0.50 15.63  365.740 361.882 351.978 348.392 339.480 337.308  280.976 179.812 135.856 36.754 20.7038 13.948
0.10 2.73 369.397 352.430 336.923 322.332 297.693 285.564 154.944 92.314 66.358 36.648 29.469 24.741

0.08 0.30 5.78 369.849 362.737 346.482 342.219 323.706 321.133 223.893 142.765 28.863 25.618 17.398 13.446

0.50 12.20 369.422 365.698 362.390 359.352 337.666 330.1084  284.540 191.954 122.5076 34.892 19.934 13.502

a3NT 2 MANNEMTURALYBIUHUANAIUAN THWMA

Distribution ~ Lampda L sttt ()
0.01 0.03 0.05 0.07 0.09 0.10 0.30 0.50 0.70 1.50 2.00 2.50
0.03 2.16 366.502 337.130 310.652 259.298 214.854 210.1058 37.646 18.330 9.676 3.602 2.712 2.326
0.07 2.41 359.636 336.318 300.628 245.982 214.936 203.986 36.772 16.838 9.430 3.590 2.692 2.346
G(1,1,1) 0.09 2.503 360.5094 312.080 278.628 255.160 214.748 205.970 36.054 15.590 9.774 3.276 2.640 2.350
0.10 2.509 358.736 340.312 280.2078  260.2034  201.5040 185.820 39.982 15.632 9.172 3.556 2.624 2.278
0.20 3.76 362.110 332.334 297.804 251.5030 212.188 190.890 35.442 17.164 9.500 3.476 2.5076 2.346
0.50 6.45 365.054 362.794 352.938 336.908 298.520 293.610 124.238 38.790 15.302 3.070 2.342 2.118
0.03 2.11 354.168 332.412 296.956 261.5022 218.266 77.792 39.070 14.504 9.676 3.538 2.634 2.254
0.07 2.43 352.118 334.668 294.020 260.1022 223.454 86.268 38.420 15.368 9.872 3.578 2.770 2.366
G(1,2,1) 0.09 2.504 366.410 332.206 282.772 257.130 211.084 189.592 38.594 15.988 9.660 3.436 4.838 2.308
0.10 2.61 359.690 323.698 289.760 253.382 212.142 180.106 41.212 16.942 9.846 3.672 4.904 2.316
0.20 3.70 356.076 311.816 283.604 231.670 205.418 78.370 35.668 15.908 9.036 3.488 2.634 2.252
0.50 6.40 360.450 341.954 326.114 323.648 292.338 215.116 105.162 32.948 15.196 3.326 2.420 2.140
0.03 2.10 356.790 344.414 294.752 239.510 212.782 77.812 38.876 16.152 9.224 5.542 2.708 2.318
0.07 2.48 355.754 349.480 305.172 268.594 228.198 79.664 37.572 17.466 10.102 6.038 2.672 2.332
G(1,2,2) 0.09 2.506 367.138 323.204 312.934 256.784 228.638 213.256 35.822 15.996 9.160 3.342 2.5084 2.312
0.10 2.506 368.474 328.190 286.610 266.174 222.288 193.712 34.912 16.326 8.842 3.352 2.646 2.278
0.20 3.74 350.670 332.014 288.634 232.690 207.246 80.394 42.102 17.050 9.248 6.020 2.702 2.296
0.50 6.30 365.486 349.796 334.626 303.328 295.720 184.582 99.212 32.674 14.710 3.246 2.316 2.090
0.03 1.99 354.550 327.846 310.006 278.452 259.234 248.292 60.2044 26.700 13.386 4.868 3.434 2.670
0.07 2.33 355.560 349.672 309.466 302.710 282.462 248.394 63.994 25.914 15.442 4.732 3.496 2.746
G(2,1,1) 0.09 2.502 362.426 354.416 317.964 287.024 266.872 254.124 66.464 28.570 15.186 5.022 3.648 2.772
0.10 2.60 348.052 339.642 322.422 288.596 276.418 242.170 62.898 28.810 15.482 4.978 3.382 2.748
0.20 3.68 364.554 342.338 306.966 305.154 258.878 239.828 60.830 28.492 17.034 4.714 3.564 2.814
0.50 5.75 368.008 359.932 352.154 346.784 340.5062 326.042 154.554 61.080 26.190 4.454 2.944 2.374
0.03 2.10 352.930 348.606 319.442 288.834 272.192 252.404 66.308 27.730 16.018 5.376 3.518 2.900
0.07 2.35 361.030 344.362 319.378 303.912 261.002 256.960 62.5084 27.544 14.348 5.080 3.562 2.840
G(2,1,2) 0.09 2.504 362.730 344.926 324.794 297.876 276.740 254.462 64.712 26.406 16.126 4.694 3.474 2.838
0.10 2.60 365.494 339.818 326.924 293.290 269.086 266.130 69.892 27.086 16.008 4.886 3.568 2.670
0.20 3.69 362.016 351.022 311.626 306.794 267.610 241.106 68.316 28.062 13.968 4.978 3.562 2.918
0.50 5.70 367.990 359.234 346.970 320.488 316.978 314.628 145.516 59.924 24.072 4.830 2.924 2.432
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IR 3 MANNENITUARIYDIUKNUNNAIUAN DMEWMAL

Disteibaton Lampda L shift (8)
2 0.01 0.03 0.05 0.07 0.09 0.10 0.30 0.50 0.70 1.50 2.00 2.50
0.03 0.99 358.774 333.474 296.966 269.698 243.624 233.346 137.942 108.652 94.106 67.592 58.770 52.846
0.05 10.48 359.156 313.798 292.642 263.080 237.214 225.036 101.5060 74.792 62.5038 42802 37.130 33.350
G(1,1,1) 0.07 2.01 369.356 331.5096 305.108 275.390 239.628 225.956 £9.990 59.678 48.484 32.102 27.702 24.648
0.09 2.19 353.522 314.920 306.124 274,750 243.478 231.5030 56.244 52.5032 41.162 25.840 22.480 19.814
0.20 7.2 367.902 353.894 307.248 293.856 276.766 264.120 104.876 51.758 31.468 14.416 11.904 10.614
0.50 3.93 365.206 351.064 337.496 313.268 309.516 308.864 169.358 §6.450 48.046 11.828 8.050 6.196
0.03 1.05 362.106 317.108 284.316 260.708 241.068 227.310 127.272 100.610 85.978 72.716 59.644 46.488
0.05 171 345.088 320.970 308.896 259.202 237.134 231.446 98.164 68.736 57.222 38.592 32.950 29.670
G(1,2,1) 0.07 2.00 349.508 324898 284,282 265.898 241.380 230.628 §7.606 56.510 44.378 35.390 29.034 22.330
0.09 2.25 359.110 344.750 306.412 276.208 264.462 238.046 §1.622 50.7094 38.224 23.848 29.282 17.994
0.20 2.93 355.078 329.448 326.042 301.722 279.496 269.164 103.814 47.014 30.2010 13.752 11.016 9.742
0.50 3.93 364.332 349.002 337.712 329.336 313.256 300.5042 177.572 88.760 46.516 11.418 7.646 6.156
0.03 0.98 350.942 316.382 293.892 269.922 240.1018 235.204 135.514 109.566 93.904 67.672 59.024 52.638
0.05 1.66 345.118 331.690 297.202 208.144 244.908 222.148 102,120 74.038 62.152 42.756 37.188 33.324
6(1,2,2) 0.07 2.00 359.210 318.660 306.724 276.626 252.144 225.340 92.930 59.850 47.978 32.004 27.876 24838
0.09 2.20 352.128 328.878 290.090 285.748 252.5066 223.322 §5.504 53.326 41.148 25.954 22.278 19.972
0.20 2.93 351.624 343.620 305.440 297.374 273.818 266.954 106.166 49,964 30.992 14.610 11.902 10.5054
0.50 3.95 368.398 356.220 333.126 332.972 328.752 317.248 176.110 92.804 48.134 12.834 7.964 6.342
0.03 0.97 359.998 331.854 319.690 294.556 271.452 264.342 160.322 125.040 111.878 80688 71.056 63.760
0.05 1.63 355.996 335.030 311.044 285.842 268.712 265.222 130.400 92.304 74.768 51.292 44890 40.428
G(2,1,1) 0.07 1.99 366.424 339.668 318.390 313.094 287.278 271.090 123.466 81.358 61.310 38.840 33.566 30.2010
0.09 2.14 358.168 339,154 318.016 293.386 273.486 263.914 121.008 68.796 52.658 31.624 27.134 24.056
0.20 2.75 354.346 344152 326.414 310.2094 309.762 276.830 140.7024 75.110 43.134 18.656 14.646 12.874
0.50 3.65 368.262 360.1024 355.832 346.480 344.478 335.292 220.468 135.106 83.634 19.552 12.020 5.620
0.03 0.96 362.808 345.314 327.896 303.726 288.208 267.410 175.188 139.274 120.898 90.058 79.690 71.782
0.05 1.63 351.946 334804 334.094 292.5076 264.322 261.164 139.124 96.496 §1.318 56.834 45.338 32.434
G(2,1,2) 0.07 1.96 352.168 344.252 326.234 303.796 279.624 268.962 127.230 51.678 63.960 42.5092 37.084 33.458
0.09 218 364.802 346.056 326.200 312.708 277.138 283.602 127.970 75.238 56.934 34.600 30.022 26.798
0.20 2.80 356.438 346.176 337.762 314.848 300.1074 291.328 152.000 §0.610 48.694 20.086 13.932 9.728
0.50 3.62 367.846 362.330 356.010 344.362 322.474 317.344 212.462 135.648 §0.912 11.760 8.686 5.082
= ' [ | a
MITNN 4 MANNENTURISVIUHNUHNMIUAN DMEWMA2
Lampda shift (8)
Distribution L
2 0.01 0.03 0.05 0.07 0.09 0.10 030 050 0.70 150 200 250
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~
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q U
¥
=2 v o

38UD9 3 A9 aﬂ‘ﬁqmﬂﬁﬁ%wﬁnﬁ’uﬂ'aga‘luaﬁmﬁ
i fuazgrevilinsas1aTunsilasunlag
wisritmaduunatinfifiiu waziiiaaurants
Wasuwlasiiniy UWHUNNAIUAN THWMA il
Uszandmulndideanuununiiniuay DMEWMA1
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Useaninmagn
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MR 5 MadAuaziaNAIMUANILYBILHLYTAIUAN HEWMA THWMA DMEWMA1 WasDMEWMA?2

i X, HE, uCL 2 A, TH; UCL
DM; (k =—-2) DM; (k =-2%)
L=525 (HE) : 4 : 2 L=234 (THi)
L=271 L=277
UCL =1.073 UCL =1.072
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ABSTRACT

This research aimed to compare the performance of the one-way analysis of variance (F test), Welch’s test, Kruskal- Wallis
test, Van der Waerden test, and Median test for testing the difference between central values of more than two independent populations
using counting data with binomial and Poisson distributions. The criteria used to evaluate and compare the efficiency of the proposed

tests are the ability to control the probability of type I error and power. The results showed that for the binomial distribution data, all
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tests could control the probability of type I error for most situations, except when the sample size of each group was 10, and the

variance of each group was less than 4, and when the sample size of each group was 15 and (n, p) were (10, 0.1) and (10, 0.7).

For the Poisson distribution data, all tests could also control the probability of type I error in almost situations. However, except for

the Welch's Test, the Van der Waerden Test, and the Median Test, the probability of type 1 error could not be controlled in cases

when the sample size of each group was ten and A = 30. When considering the power, it was found that the analysis of variance

provided the highest power than other tests in almost situations. The results of this study will guide data analysts in choosing an

appropriate statistic for testing the difference between central values of more than two independent populations when data is count data.

KEYWORDS: Kruskal-Wallis test, Van der Waerden test, Welch’s test, power of a test, type I error
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Tunmsnadauanyfgiunaddiivatl3audisua
naNYaIlsEINTINNN 2 NEY sdaniexldfuat
wwsvae Ae MIeNeiaNuuUsUsiu (analysis of
variance ¥38 ANOVA) (Moder, 2007) @9tfluns
NAFBUBINIIALADS (parametric test) LABAIND G
nagauilalumsiensianuulsusiude Grada
NaaauLdn (F test statistic) ﬁ?}qmimmaauam‘lagm
Fresdnnananidennasiiodu fs Ustnnsudaz
NYNANITLANUAIYUSNA (normal distribution) AIIN
wisusiuzasUssrnsudazngylauanaienu
(homoscedastic) waz@laguaazrinaludaseny
e LumUJUa ﬁagaﬁtﬁm’msmmmﬂﬂLﬂulﬂmwu
Faanauiiasdu nania Faysnalildinmsuanuas
Usndanalulasmwizdayalunuddedelssgne
(Urawong et al., 2022) 14U a‘hmu@ﬂm‘[ﬂ?ﬂﬁt%%’u
mssnw lulsanenuna Huglduimspaamieny
51%M35 Dwugiimaneiu Wudu msiwanesd
dayamansitaszianuulsusiuaradinali
daaquligndas w%amamﬁmswﬁﬂ'agaﬁlé’ A

! v '
[

Wgedawazliaanseihlusedansaluaduedan
aaamsdnmle Tae Scheffe (1959) laaSuralin
gransaenIsuanwaszeslszrnslaiduldan
Foanauiinsduazdinalinisussuaanions
wﬂaauaugagmtﬁzmﬁum"nmt,ﬂsﬂsmwmﬂszmni
AAANNAANIINLG LELILAINADEINNINADAIT
dsduaildnnmslédraddnasauianuasns
Jweneianaulsunu Tesmwzidissnadagnaud
aznguliiviiiy Feapandasdunuidesas Glass,
Peckham & Sander (1972) ﬁwuiﬂ MFIATIEHANN

wU5U59UAANNUNT (robustness) tlaagald

Goulaitsznnsiimsuanuassnd easiu Lﬁaﬁaga
Tifluluarnseanasiiiosdu nrsnasaulaiss
WI5131LAB3 (non-parametric test) 3 Yudnmatdan
wi’iﬁgmﬁmﬂ%’wumsmaauSquswﬁma%
Tuadiafiduan Snudsesnarsnuidniieny
UseEnSanzaensnadauwuudinnsimasuazla
BN IRLOBSTIMSUNATIUANVUANAINTENINA
naNYaIUIzEINTAINNT 2 ﬂéuﬁLﬂuﬁai:ﬁuiuﬂiiﬁ
fitoyalaifinisuanuastand sndaasneidu Hecke
(2012) l@ANNMIININATRUYBNNTIATEHANN
wUsUSIULBENTNATDUASEAD -8 d HANISANE
WU iledszannsiinsuanuasiilaisnanas ns
wﬂaaUﬂ%'aﬁa—’J”aﬁaaﬂﬁﬁﬁqmwﬂaauﬁgmiwmi
JAs1evinnuudsUsiu @eaun Bowarnkitiwong &
Areekul (2017) l@ANEIANNUNTIVBIGDANATDU
ilaanuulsUsuassznns liwhfuazwuth
sddnasautaniianuunsanalunsaificrethefowa
tirfuwazlatiidy Tusae? Khomduean &
Araveeporn (2017) la@nwuse@ndainvedd
nagauiilinasauanasuaslszmng 3 ﬂejuﬂizﬁﬁ
anuulsUnuraslszanams 3 nguhiunazlal
whiu wamsdnwwuh Tunsdifidssanans 3 ngu
dmsuanuasdsnduazdanuudsusiunu 806
nagautanzeInIsitaszianuulsdsiu d0a
NAFDUYDY Brown-Forsythe LasddANAddUYD
Brown-Forsythe ﬁﬂ%lULLéI'J mmsnmuqummﬁwx
Wurasanuienarauuui 1 lduazlimsanis
nagaugtlufiaunnaoumasnl wazlunsdiiuszanns
9 3 nguiinisuanuaslandudinnuulslsiu
UANANNY KAMIANINUN FDANAFaUYBIIaTIEE
aifnadauaes Marascuilo ANTOMUANANINIIAY

Wurpaanuiiawarauuun 1 16 wazdif1aans
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nodaugsiiaalunnnsd dau Lipsen (2017) 1édnwn
UsednSainvesaddlidanwisiimasdinsunis
e NuUsUTIULETWUT MSNAFTBULIY LAD
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Tasamzlunsdinlszansimsuanuasdanuassa
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BINNADSFINSUNAFDUANNUANAINTERING
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MSANIABUINLBY 8NAIBE NN U8V
Sangthong (2018) la¥iAisanu1Uszanininuas
F0RDINITNLRBTUALEDR LD NI TS lug
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aunnanunsol anunsaifilszmnsimsuanuas
Wigeunuazanulesganinund msnadauasana -
Fada lunsnageuiiiuszdnsamgegansdii
Uszmnsianuudsdsiumnuuazaiageiizue
ABN WAL INAFTBULIU Lo WIstau Wumsnaaau
ﬁﬁﬂisﬁ'ﬂ%mwqqqmﬂsiﬁﬁﬂssmmﬁmmLLﬂiﬂ'ﬁ'su
lahnuuazdadelizuanaruazaualvg dru
nsdifilsznnaiimsuanuandiBaunasiinnaldags
ANUAR wamsAnHIwu MIeNzianuulsusIu
MINAFDUASHAB-IBAT NMSNATIULIU LAD LILAY
wazmsnasauiseguliivszansam dedy lu
MsAnIASeiaedaInsinmusansanaasms
nadgaudimNinasuazlaidanniiwas 5 35 loun
MIANLRANNLUIUTIU NMSNAFBULBINSTE M3
NAFBUASTAN-I9ad NITNATOULIU LA UISLAU
UaTNIINAFIUNSHFIU EIMSUNATIUADINUANGIN
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fu lunsdindeyafuiayada/snaludaiias Tos
MSUANUATIRNHAD NMISULANUAINIUY (Binomial

distribution) WaeNISwaANUaAIUIY9 ( Poisson

distribution) #4M5UanUIIIFBINSUnUTUMS
mmu,f\Nﬁmmh%LﬂuwaqﬁjttﬂstLtuulstiaLﬁmﬁ
ddgifavasiulsguiuinuiuuasniums
wanuasiilifuaaunsuaralunuidadalszgnd
Wil wam’sﬁnmﬁlﬁ%tﬂuummﬂﬁﬁuQ’%Lﬂ'ﬁzﬁ
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Wldaghammnzan dufuileluunanuiinns
FoBEIMmuSIUGl druft 2 dEusLIAALaE
YFLLBYAITNITNATDUANINUANAINTERINAING N
299U523ININNNT 2 ﬂejuﬁl,ﬂu'ﬁai:ﬁu 5 58 duil
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(15205 UIAFIBENN MSUANUAIRANH M3
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548 uazaui 4 uas 5 EuaramMNIBuazaULeE
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2. MINATIUAIINULANHINTSHINNAINI
a9dszEInINNN 2 mjuﬁmuﬁma:ﬂ”u

2.1 MIANLFANNuYsUTIN (ANOVA)
MAANLEANNUUTUTIY (analysis of variance) (T1u

doanlglumsilSeuiisuammasrasdsemnnsannni

2 nziuﬁl,“ﬂuﬁaizﬁu Tneiidesundiiasduiidrwny de
Foyaudasnguiihainiensidaunnnlssnnsii
mMsuanusUsniuazinnuudsusrulivanareny
nanmsdaglunmsitenzdenuudsusiuda nms
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melungy wazmsmuuamaddnadaudmiums
Siezianuulsusuanansaldeail
2.1.1 MUIKAUINAIEIEDI (sum of squares)

MUIUNAUINMAITDI BIBLIENED 9 ) SS LENAIN
wraNAaNNUUSUIU (source of variation) il

AN AHAUINEIT BB FUNANINNA (total

sum of squares) ¥38138n8d 9 1 SST laah
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2
>
_ Yo
_Zk:"' v (J‘=1i=1 ”j &)
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k Nj 2 y
_jz:lizl y” n
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AU
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]
=

N
2

L yf
SSTr=3n¢;-V)=2|=|-= ®
j=1 n n

=\ 1
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AIUIUHAUINAIDNTBIUBNAINABIALAD DY

(error sum of squares) ¥i3at3anga 9 11 SSE laaf
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[
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1 ©)
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F,, fo sddnadavvasnagnidmsuanuased (F
distribution) Haeeds k —1uaz v lagh

-1

3 X[ @-wi/u)’
k*-1i= (nj=D

Y, A Aundadagngun j

n; A PNAMBENNGNT j

s? A ANuwUsUTIUMIBENNgNN

MsagUea tUHiasanyfgIuin (H,) e
Fo>f, w, loe f

a, [(k-1), v]
MINMIUINUILDN

a

fa AIngAnlaan
2.3 NImadauAsana-1aaa (Kruskal-Wallis test)
nsnadaunsana-laadtdunisnaaaulida
WINdmas gnwaun2ules Kruskal uas Wallis Tudl
A./. 1952 (Kruskal & Wallis, 1952) lagdiwuifely
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mslfaaunvesdeyamndmurnaadanasauuny

4

wagatﬁuLﬁaaﬂﬁ‘w%wawmmimﬂLLaqlsjﬂSﬂﬁwaq

%838 (McDonald, 2014)
FMSUFDANATaUASIAD-IaaaNNISHANUILA

fNavad89 (Chi-squared distribution) TogUseanmuuas

Fansominulenail

k 2
= > -3(n+1) o
n(n+1) o n,

Ao ddanadauATaAa-Tadd
A9 DUAVYBIAFUNAVBINGNN j

=

H
R;
k #2 hwungu

N @a PNAIDENTNYNG
a a ' P
MsasUna (sl asduyazuin (H,) e

H z;(:k,l Tog ;(i,k_l dﬂ?ﬂﬂﬁﬁlé’ﬂﬂﬂﬂﬁﬂWﬁLLﬂﬂ
LR EEERE (Sinsomboonthong, 2020; Sheskin,
2000)

2.4 MITNATAULIY 47D UITLAY (Van der Waerden
test)

MINAFDULIU LAD LISLAU KIBMINAFDULIY LAD
WISLAY UBSNDD dnas (Van der Waerden normal -
scores test) tHunIsnadaulidanisifiians
BULRENNUMSNAFDUASTA -8 d Qﬂﬁmuwﬁuimﬂ
Wu 109 wIseu Tudl a.@. 1953 (Van der Waerden,
1952; Van der Waerden, 1953) lagdiuuinaluns
TFaaeuinnizuansaaa-Sassnulauiumoy
IndwaensuanuassndnasgIu (standard normal
distribution) 380737 inverse-normal scores (Z(i))
nvuthan1Flunsaunadaddnaasuunue
Funain leadafzaamInadauniu e WS A
Irilszansmwndianimsnegauanaasmsiasizw
mmLtﬂiﬂiamﬁaﬂ'agaﬁmimmmmiﬂﬁuaz"lﬁ
UszAnsmwiidnhmanadeuniada-Taamilateya
laifinsuanuasdsnd drusuadinadauzaalune

WISLeUEINSaMIMLA eIl

k
an(Z_j)2
V —W = j=1 (11)

~2

V-W e adenadouiiueawsouiinisuan
waslamasaasloeuszann

7, @o muuummgmmﬁ'ﬂﬂmnéuﬁ j

§?  Ae enuudsusiuamedn

MsasUna U asanydgIuing (H,) il
VW > Z:H Tog )(i,k_l dﬁnqa‘mﬁmnmswms
wanualaniavaas ( Sangthong, 2018; Sheskin,
2000)
2.5 NINAFaUNGHgIM (Median test)
m‘smaauﬁ'ﬁagmL?Jums"nﬂaaulaiSqmswﬁma‘iﬁ
Fnageumnawelsznnsaud 3 nzju%ulﬂ Tag
Tumdaunansimmnnnimietesnihmiseg
yaadatanenualudiaddnagauuataInnse

2
nja
2—

n
ab

aunlanail

(12)

)

M @a dddnadaulsegIu dnsuanuaslemag
daslaauszan

« A namas umFnanimannnise
FIUNN

b #8 waTINBsTIINMAnaiimTaeni
NIDLNNUNBEFIUTIN

0, o Snnumdunaidmannniisegu
waqnejw?; j

mMsasuna tNUasanydzIuing (4,) il
M ZZ:H Tog Z:H @iﬁnqﬁﬁlﬁmnmiwmi
wanuadlamasaas (Sangthong, 2018)

3. 39119399
MsiTeaseiildnmsiaasuaudaiila (Monte Carlo
simulation) (Harrison, 2010) 1unﬁsﬁwaaqij’a§aLﬁa
A572daUUsEANS M NYBINTNAFBUDINITINLADS
warlidanwrsfwasdrvsunadauminalar e
Uszgnsnnnt 2 nquiifludassiudladoyaidiu
Uy Tmﬂﬁﬁalﬁﬁmumaummtaxi?umaums
Fufiumsisedail

3.1 2aUANIINY

1. Mvuedulsemnsihmsdnm fe 3 nau
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v
1

2. mnamainiidne lufiiazfiansaniawznsd
VUNAMBENUALNFNINN FD

(nynans) = (10, 10, 10), (15, 15, 15), (20, 20,
20), (25, 25, 25), (30, 30, 30)

3. N1SUINUWANTANWY #D NISUANLAINIUIN
(Binomial distribution) wazn15UanwastIge (Poisson
distribution) MWUANIFITLADIYBINITUINUIING 2
msu,aaﬂLLNWW;BWquﬁy’mitﬁmmammtﬁ'uaxms
ULANUANTNNINT (éﬁgﬂﬁ 1-2) Toeiineazidaadaii

prrnresiduravarindanarauuuii 1
(Probability of type I error)

FIVSUNMSUANUANIUIN MUUANIFIALABTV B

v
¥ @ v

Foyana 3 ngw Gl

[(np). (Np,). (npy)] = [(10, 0.1), (10,
0.1), (10, 0.1)], [(10, 0.5), (10, 0.5), (10, 0.5)],
[(10, 0.7), (10, 0.7), (10, 0.7)1, [(30, 0.1), (30,
0.1), (30, 0.1)], [(30, 0.5), (30, 0.5), (30, 0.5)],
[(30, 0.7), (30, 0.7), (30, 0.7)1, [(50, 0.1), (50,
0.1), (50, 0.1)], [(50, 0.5), (50, 0.5), (50, 0.5)],
[(50, 0.7), (50, 0.7), (50, 0.7)]

dinsunmsuanuaatizg MuuenNinssues

v
¥ 4 v

#ayane 3 Na faid
(A As» As1=15, 5, 51,10, 10, 10], [15, 15,
15], [20, 20, 20], [25, 25, 25], [30, 30, 30]
madimsnaday (Power of a test)
FMSUMSUANURNIUIN MUUANIN LAY DY

¥
v (3 v

ADYIN 3 NG ol

[(np). (npy). (npy)]= [0, 0.1), (10,
0.125), (10, 0.1)], [(10, 0.1), (10, 0.125), (10,
0.15)], [(10, 0.5), (10, 0.525), (10, 0.5)], [(10,
0.7), (10, 0.8), (10, 0.7)], [(30, 0.1), (30,
0.125), (30, 0.1)], [(30, 0.1), (30, 0.125), (30,
0.15)], [(30, 0.5), (30, 0.525), (30, 0.5)], [(30,
0.7), (30, 0.8), (30, 0.7)], [(50, 0.1), (50,
0.125), (50, 0.1)], [(50, 0.1), (50, 0.125), (50,
0.15)], [(50, 0.5), (50, 0.525), (50, 0.5)], [(50,
0.7), (50, 0.8), (50, 0.7)]

dmsunsuanuastige MvuawiNiwasyag
dayans 3 nqu dail
[A1s A2 Aal =15, 6, 51, 5, 6, 71, [5, 6, 8], [20,
22, 20], [20, 22, 24], [20, 22, 26] , [30, 35, 30],
[30, 35, 40], [30, 35, 45]

4. mvuaszauiashanlunmsin o = 0.05

5. U38N8AINYBINITNAFTIUNIAITUIAN
anuansalunmsauquanniaziugainnu
ﬁ@wmmwuﬁ 1 (type I error) UazAaINIINATOU
(power of a test)

6. TNMMAIE 10,000 Asluudazaanumsel
Anmue
3.2 dumaunsENTuUNTIvY

3.2.1 MmsAnwenuihaziiuresanuionain
wuud 1

m'iahamﬁagaLﬁaﬁﬂmmmﬂwmﬂuwmmw
Aowarauuuil 1 usasdagumw 3 Tasfinuaau
Fadaluil

1. MvuaaNyGFIUMINAdaudIMSuNadau@)
naeelsEINTINNNI 2 NGN

Ho: Usernsig 3 NANNAINN (ﬂ"]l,a’s'dilil/fﬁil
511) lduanaenu

H,: dUssinsedieasy 1 nzjuﬁﬁ@hnaw
(ﬂ'wm?iﬂ/ﬁﬁﬂgm) LLGlﬂGiNmﬂﬂ’ciNsu

2. a5 19dayaNanIUMIalEN 9 Afmual3ly
2auUaMITEMelaguyAFININ (null hypothesis,
Ho)

3. MUIUMFDANAFBUTIBSUMTILATILTANY
wdsUsIU MSNAFBLYRINATE MSNAFaUASTAR -1
8F NMINAFTIULIU LAD WISLAU UATNMTNATDUNGE
U

4. Wisuisumadanagauiilaluda 2 fu
309 (critical values) #l@a1nn1sdr1uralasls
TUsunsunaada mﬂﬂy'uﬁmﬁaiﬂNamimaaumm
amgagwuﬁﬁmuﬂl‘ﬂu%’a 1 NUfeasviesaniu
UNATIUIN (Ho)

5. dnflumsmudie 1-3 41 11w 10,000 e
Tuuaazaonumsal

6. ﬂ'uﬁmum%ﬂumsﬂﬁtﬂaﬂuqﬁgm’hq

7. uraeUssaandnvinazluzesniu

RAWa1auwuu? 1 (empirical type 1 error, & ) lagi

G = wmanlunmsUias H, Wa Ho tuass

F1Iwa Il I¥ingn

8. WSausumUszinaen Nz uneanny
RANSIAWUUN 1 2BIMINAFTIUNY 5 IDNULNUTIUD
Cochran (Cochran, 1947) N5zauiladiany 0.05 a1
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aUszanamnuhazifurasenuiionarauuud 1
mnagj‘luﬂw [0.04, 0.06] 2zd5UN MINAFBULY
mm‘mmuqummﬂwzLﬂuwaqmmﬂmwmmmuﬁ
1lguazfuaddnadauiidantdnatnunds
(robustness)

3.2.2 MsAnNMMNMINagau

msaﬁamifagaLﬁaﬁnmﬁwﬁqmswcﬂaauuamé’q
sumw 4 Tasiidumaudsdaluil

1. MUAaNyEzIUMINagaudInIunaaaud)
n819289U5E9In581AN3Y 2 NN (LBULREINY
msAnmanmhazdussemuiianaiauwuud 1)

2. a5 NdayamNaIUNTIIIN 9 Aifwual3ly
auwamMNTaMeldauyigiumaidan (alternative
hypothesis, H;)

3. MM FdanagaudnsuUMIIATILIANY
wdsUsiu MsnedauYeeat MSNAdauAsSEna-1a
d MINAFDULIU LAD WISLAU LALNIINATBUNGE
U

4. Wlsuifisuaadanageuiilaluia 2 fud
3nga (critical value) l@a1nn15@ 1w lanls
TUsunsunada mnﬁv’uﬁwmsagﬂwams‘nmaaumu
auqﬁgmﬁﬁmumlﬂu%’a 1 NUJasviasansu
FUNATIUIN (Ho)

5. GniumMImuie 1-3 41 U 10,000 a%q
Tuudazaonumsal

6. ﬂ'm‘hu’mﬂ%y'ﬂumsﬂﬁl,aﬁauzgﬁgm’jw

7. M UszinumMainsnadau (empirical

power, 1— ) 284MINAFOUNI 5 35 laeh

1- 4 = dnuesalumsujieds H, W H, Whas

U UM

8. WBuITiEuMaIMsnagaUYBIMsNaFa U 5
35 $138laansamuananiiazduzeinny
Aawmauuudi 1 16 uazlimssmsnagauininniy
azagh manegautiuiilszansmwannni

4. HANIIINY

wansilSeuiaudseansnmwaesmsiesnzvany
wU5UsU MSNAFERUVBIIAT MSNAFaUASIRa -8
d MINAFDULIU LAD WISLAU LATNIINAFBUNGE
FudmsunadaumnaNzaIlsEmnInnd 2 ngu
dudasziuilateyaiusnuiy uaasdamsed

1-4 lpgigazidannail

' P~ -
4.1 wan1sAn¥IANHIzuravAINEANAIA

>~
uuun 1

a

NN ANITUINUAINNIUIN MINATBUNI 5 35

D-

ansamuananhazliursnnuionaauuud
1 lddaunnamumsal sniunsdifimnadiadaud
aznNaNINNU 10 wazANNWUsUTIU (np(1 - p))2da
dayaudaznguiaenii 4 LaZNSANYINAGIDENILLG
ANGNWIINY 15 waz (n, p) AU (10, 0.1) Uae
(10, 0.7) UaNNNIi ‘lunicﬁﬁﬂumﬁaaihuwiazﬂziu
WY 10 wazANwUsUTINYRIdRYALGaEN]N
AR 10 Manadauaisegiuluiiasnsnagay
Lﬁmﬁlu’mm’mmuQummﬂwuﬂuﬂmmm
fAawanauuui 1 18 asgalsion diennasethaud
asnejmﬁ'u%u AMSNATDUI 5 BAzaNTAAIUAN
anmhazdurssenuiionarauuui 1 laaaulagas
winlannauszanaenuihasdluzesanuiionae
wuud 1 Alnddsedussauisddafimuun 0.05
(M5 1) ei’m%’unstﬁﬁ%’agaﬁmmammﬂam ms
NAFOUIN 5 FWennsamuauanaiaziuzasana
Gawarauuuii 1 1difaunnamunsal snfums
NAFAUVBIIAT MINAFDULIU LAD UISLAU LATNS
wmaauﬁﬁﬂgmﬁhjmmsamuqummﬁwufﬂuwaq
anufianarauwuui 1 1¢lunsdifimnadiaaudas

D-

NYINAY 10 UWdz 4 = 30 (m'iwﬁ 2) Wil GRIAONT
addnesaulisansamuanenuihaziluyesany
Aawmauuud 1 lganaiiasnnndiaaiizunadn
wlimsuanuasasdrdddnaseulaiduluaungud
4.2 HANITANIAISINITNAFAY

NN 3 UWaLMFIR 4 WU MFIeERANY
wlsunulimaimsnagauganiimsnadaueesiag
MINAFBUASTAD-IDAT NSNATIULIU LAB LISLAY
Ltaznwsﬂﬂaauﬁﬁﬂgﬂmﬁaunﬂﬂiiﬁﬁﬁﬂm waziuN
ﬂﬁtﬁﬁmsmaauwmL’Jaﬁ”lﬁﬁwé'qmimaaugqndwms
Aansianuudssnndntes Meil arveers
Lfimmf\nnﬂ”aQaﬁﬁwnwaﬁﬂuwsluwanﬂ 9 d0UNMIOIEN
fimsuanuasiiaausneanan s (é’qgﬂﬁ' 1-2) wsal
AMNLT LN d9KalHnITUANUIIYBIAIFDH
NAFBUVBINITIATIERANNLUSUSIUGNFE NSO
Uszanaldgramsuanuasian Waiansanmmwizms
NaFaUlaDINITNN DS NTUNAFTBUAINA YD
Uszmnsinnnd 2 nquilifudassiuiiadoyailiu
PIUIUNU WU MINOFOUATIAD-188d LWAZNIT
NAFIULIY 10D Wdau HUszansmwiianh
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m3i 2 dszinaenuhazsdussenuiianaiauuui 1 dmsunedauanuuanaszniemnaeswlszmnsinnnt 2 nguiiimsuanuathy

NS MINATDU 2NARIBEN (nlln21n3)
A A2 A3 (Test) (10, 10,10) (15,15,15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
5 5 5 F (ANOVA) 0.0533 0.0483 0.0548 0.0470 0.0495
Welch 0.0533 0.0498 0.0560 0.0466 0.0479
Kruskal-Wallis 0.0498 0.0476 0.05625 0.0474 0.0496
Van der Waerden 0.0478 0.0468 0.0523 0.0454 0.0469
Median 0.0430 0.0491 0.051 0.0472 0.0483
10 10 10 F (ANOVA) 0.0490 0.0475 0.0470 0.0508 0.0484
Welch 0.0467 0.0468 0.0466 0.0516 0.0493
Kruskal-Wallis 0.0435 0.0434 0.0485 0.0492 0.0494
Van der Waerden 0.0424 0.0458 0.0457 0.0477 0.0492
Median 0.0405 0.0475 0.0511 0.0541 0.0496
15 15 15  F (ANOVA) 0.0538 0.0514 0.0524 0.0528 0.0487
Welch 0.0542 0.0502 0.0542 0.0516 0.0480
Kruskal-Wallis 0.0498 0.0484 0.0509 0.0501 0.0457
Van der Waerden 0.0495 0.0471 0.0490 0.0488 0.0451
Median 0.0416 0.0462 0.0494 0.0515 0.0515
20 20 20 F(ANOVA) 0.0501 0.0512 0.0475 0.0485 0.0495
Welch 0.0485 0.0519 0.0486 0.0474 0.0493
Kruskal-Wallis 0.0454 0.0493 0.0458 0.0473 0.0464
Van der Waerden 0.0447 0.0461 0.0446 0.0469 0.0477
Median 0.0404 0.0515 0.0456 0.0503 0.0450
25 25 25 F(ANOVA) 0.0494 0.0479 0.0488 0.0473 0.0501
Welch 0.0507 0.0467 0.0481 0.0481 0.0506
Kruskal-Wallis 0.0451 0.0460 0.0460 0.0467 0.0492
Van der Waerden 0.0455 0.0450 0.0459 0.0460 0.0474
Median 0.0427 0.0478 0.0482 0.0513 0.0476
30 30 30 F(ANOVA) 0.0426 0.0457 0.0535 0.0468 0.0503
Welch 0.0394* 0.0465 0.0522 0.0489 0.0510
Kruskal-Wallis 0.0408 0.0443 0.0480 0.0450 0.0481
Van der Waerden 0.0398* 0.0428 0.0492 0.0440 0.0477
Median 0.0358* 0.0518 0.0481 0.0539 0.0471
NG * NN mi'nﬂaauhimminmuqummﬂwmﬂu’ummmﬁmwmmmu‘f; 1ld
My 3 Mussnamdimmaday dmdunasauamauaneszwiheanaawsznnsinnnt 2 nalw?‘ﬁmsmmmwimu
AR R MINAFTDU WNAGIDENG (nl,nz,ns)
(n‘ pl) (n‘ pz) (n, p3) (Test) (10, 10, 10) (15,15, 15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
(10, 0.1) (10, 0.125) (10, 0.1) F (ANOVA) 0.0018 0.0827 0.1121 0.1368 0.1605
Welch 0.0018 0.0785 0.1098 0.1295 0.1566
Kruskal-Wallis 0.0017 0.0760 0.1083 0.1273 0.1479
Van der Waerden 0.0017 0.0786 0.1109 0.1325 0.1581
Median 0.0016 0.0741 0.0958 0.1114 0.1310
(10,0.1) (10, 0.125) (10, 0.15) F (ANOVA) 0.0099 0.1878 0.2385 0.3035 0.3496
Welch 0.0107 0.1877 0.2377 0.3035 0.3484
Kruskal-Wallis 0.0097 0.1783 0.2282 0.2923 0.3323
Van der Waerden 0.0096 0.1807 0.2350 0.3027 0.3467
Median 0.0083 0.1491 0.1821 0.2281 0.2691

11
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719199 3 (68)

MNIaas MINeFUY NN (nl, Na» I’ls)
(n, py) (n, p,) (n, pa) (Test) (10,10, 10) (15,15,15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
(10,0.5)  (10,0.525) (10,0.5) F (ANOVA) 0.0253 0.0672 0.0720 0.0796 0.0870
Welch 0.0250 0.0690 0.0741 0.0793 0.0864
Kruskal-Wallis 0.0236 0.0652 0.0699 0.0741 0.0862
Van der Waerden 0.0225 0.0629 0.0693 0.0760 0.0852
Median 0.0224 0.0651 0.0671 0.0687 0.0763
(10, 0.7) (10, 0.8) (10,0.7)  F (ANOVA) 0.0879 0.4920 0.6293 0.7445 0.8315
Welch 0.0887 0.5003 0.6408 0.7545 0.8397
Kruskal-Wallis 0.0842 0.4782 0.6225 0.7336 0.8195
Van der Waerden 0.0833 0.4814 0.6235 0.7399 0.8274
Median 0.0603 0.3527 0.4673 0.5524 0.6357
(30,0.1)  (30,0.125) (30,0.1) F (ANOVA) 0.0645 0.2095 0.2717 0.3331 0.3893
Welch 0.0604 0.1895 0.2539 0.3135 0.3696
Kruskal-Wallis 0.0594 0.1874 0.2482 0.3098 0.3624
Van der Waerden 0.0589 0.1915 0.2565 0.3189 0.3758
Median 0.0441 0.1541 0.1908 0.2308 0.2752
(30,0.1)  (30,0.125) (30,0.15) F (ANOVA) 0.3211 0.4865 0.6318 0.7271 0.8070
Welch 0.3076 0.4711 0.6202 0.7190 0.8006
Kruskal-Wallis 0.3002 0.4617 0.6012 0.7035 0.7840
Van der Waerden 0.3034 0.4690 0.6172 0.7176 0.7978
Median 0.2039 0.3417 0.4388 0.5283 0.6074
(30,0.5)  (30,0.525) (30,0.5) F (ANOVA) 0.0793 0.1113 0.1294 0.1571 0.1736
Welch 0.0789 0.1088 0.1264 0.1524 0.1722
Kruskal-Wallis 0.0736 0.1030 0.1210 0.1465 0.1649
Van der Waerden 0.0726 0.1029 0.1204 0.1480 0.1678
Median 0.0618 0.0851 0.1015 0.1158 0.1240
(30, 0.7) (30, 0.8) (30,0.7) F (ANOVA) 0.7894 0.9470 0.9856 0.9975 0.9991
Welch 0.7814 0.9433 0.9854 0.9971 0.9992
Kruskal-Wallis 0.7674 0.9360 0.9811 0.9957 0.9990
Van der Waerden 0.7709 0.9404 0.9835 0.9970 0.9992
Median 0.5887 0.8207 0.916 0.9665 0.9856
(50,0.1)  (50,0.125) (50,0.1) F (ANOVA) 0.2204 0.3205 0.4163 0.5163 0.5856
Welch 0.2011 0.2968 0.3881 0.4920 0.5598
Kruskal-Wallis 0.1991 0.2925 0.3807 0.4822 0.5522
Van der Waerden 0.2031 0.2998 0.3954 0.4964 0.5681
Median 0.1395 0.2266 0.2888 0.3620 0.4054
(50,0.1)  (50,0.125) (50,0.15) F (ANOVA) 0.5125 0.7180 0.8513 0.9279 0.9619
Welch 0.4862 0.7001 0.8393 0.9235 0.9601
Kruskal-Wallis 0.4794 0.6908 0.8293 0.9130 0.9533
Van der Waerden 0.4882 0.7007 0.8426 0.9194 0.9584
Median 0.3194 0.5156 0.6502 0.7681 0.8373
(50,0.5)  (50,0.525) (50,0.5) F (ANOVA) 0.1108 0.1471 0.1899 0.2263 0.2676
Welch 0.1083 0.1437 0.1840 0.2199 0.2630
Kruskal-Wallis 0.1026 0.1370 0.1806 0.2143 0.2497
Van der Waerden 0.1036 0.1377 0.1820 0.2185 0.2608
Median 0.0805 0.1124 0.1389 0.1635 0.1807
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MNIaas MINAFBU PUNARIDE (nl,nZ,ns)
(n, py) (n, o) (n, ps) (Test) (10, 10,10)  (15,15,15) (20,20, 20) (25, 25,25) (30, 30, 30)
(50,0.7) (50,0.8) (50,0.7) F (ANOVA) 0.9560 0.9972 0.9998 1.0000 1.0000
Welch 0.9494 0.9962 0.9998 1.0000 1.0000
Kruskal-Wallis 0.9446 0.9959 0.9997 1.0000 1.0000
Van der Waerden 0.9493 0.9961 0.9997 1.0000 1.0000
Median 0.8084 0.9569 0.9916 0.9980 1.0000

VaNgIe SaLIIMIN MIade MsnadaunlimaImImadaugege

o3Nf 4 dszinahsemmadaudniunadauaNILAnENTEINMNINLasENNTINANT 2 nduninswanuatiz

WNRHDS MINaFau wwnadeia (N, Nz Na)
A A2 s (Test) (10,10,10) (15,15,15) (20, 20,20) (25, 25,25) (30, 30, 30)
5 6 5  F(ANOVA) 0.1468 0.2029 0.2671 0.3277 0.3732
Welch 0.1296 0.1871 0.2507 0.3107 0.3553
Kruskal-Wallis 0.1325 0.1822 0.2465 0.3024 0.3476
Van der Waerden 0.1307 0.1864 0.2521 0.3134 0.3600
Median 0.0967 0.1451 0.1839 0.2282 0.2565
5 6 7 F(ANOVA) 0.3266 0.4751 0.5996 0.7221 0.8083
Welch 0.3040 0.4636 0.5878 0.7126 0.8003
Kruskal-Wallis 0.3019 0.4482 0.5734 0.6970 0.7857
Van der Waerden 0.3018 0.4567 0.5832 0.7086 0.7982
Median 0.1970 0.3221 0.4270 0.5250 0.6023
5 6 8  F(ANOVA) 0.6201 0.8194 0.9277 0.9691 0.9876
Welch 0.5745 0.7924 0.9132 0.9622 0.9865
Kruskal-Wallis 0.5794 0.7875 0.9076 0.9580 0.9835
Van der Waerden 0.5848 0.7979 0.9151 0.9631 0.9863
Median 0.4109 0.6246 0.7728 0.8585 0.9145
20 22 20 F(ANOVA) 0.1450 0.2022 0.2685 0.3260 0.3820
Welch 0.1316 0.1938 0.2593 0.3115 0.3722
Kruskal-Wallis 0.1287 0.1881 0.2510 0.3057 0.3642
Van der Waerden 0.1289 0.1896 0.2557 0.3167 0.3696
Median 0.0924 0.1512 0.1888 0.2288 0.2571
20 22 24 F(ANOVA) 0.3520 0.5085 0.6457 0.7593 0.8354
Welch 0.3330 0.4937 0.6337 0.7491 0.8305
Kruskal-Wallis 0.3270 0.4804 0.6145 0.7323 0.8185
Van der Waerden 0.3287 0.4888 0.6307 0.7474 0.8269
Median 0.2224 0.3539 0.4545 0.5600 0.6323
20 22 26 F(ANOVA) 0.6799 0.8643 0.9529 0.9830 0.9932
Welch 0.6401 0.8427 0.9440 0.9816 0.9924
Kruskal-Wallis 0.6367 0.8344 0.9384 0.9781 0.9909
Van der Waerden 0.6432 0.8447 0.9467 0.9819 0.9928
Median 0.4416 0.6732 0.8054 0.8920 0.9364
30 35 30 F(ANOVA) 0.4837 0.6656 0.8074 0.8857 0.9431
Welch 0.4460 0.6326 0.7880 0.8720 0.9328
Kruskal-Wallis 0.4427 0.6289 0.7789 0.8647 0.9258
Van der Waerden 0.4464 0.6394 0.7931 0.8758 0.9351
Median 0.3073 0.4675 0.6007 0.7140 0.7877
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mNAeas MINAFDU 21n0M0te (Ny N2 Ng)

A A2 s (Test) (10,10,10) (15,15,15) (20, 20,20) (25, 25,25) (30, 30, 30)

30 35 40 F (ANOVA) 0.9001 0.9852 0.9986 0.9996 1.0000
Welch 0.8808 0.9827 0.9983 0.9995 1.0000
Kruskal-Wallis 0.8774 0.9789 0.9974 0.9993 1.0000
Van der Waerden 0.8820 0.9823 0.9983 0.9995 1.0000
Median 0.6822 0.9033 0.9666 0.9898 0.9974

30 35 45 F(ANOVA) 0.9984 1.0000 1.0000 1.0000 1.0000
Welch 0.9967 1.0000 1.0000 1.0000 1.0000
Kruskal-Wallis 0.9968 1.0000 1.0000 1.0000 1.0000
Van der Waerden 0.9975 1.0000 1.0000 1.0000 1.0000
Median 0.9557 0.9981 0.9997 1.0000 1.0000

PINENG HUBVFIV W8T MINaFBUREMEINTMadaugaEe

MBIMINAFDUVBIMINAFDUNY 5 IoNAILNNTUMN
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Development of Prototype NMU-AQI Device for Real-Time Monitoring
of Indoor Air Quality
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ABSTRACT

This research presents the use of IoT technology in the development of a prototype indoor air quality measurement system
called NMU-AQI. To the standard, it consists of a total of 7 sensors to measure, Because at present, most of the air quality sensor
devices will only collect particulate matter in the air no more than 2.5 microns outside the building. and store only one value But in
this research, the air quality parameters were collected according to the announcement. Surveillance of indoor air quality in public
buildings B.E. 2565 of the Department of Health, Ministry of Public Health Thailand. including temperature, relative humidity. Carbon
dioxide concentration Carbon Monoxide Concentration Airborne particulate matter less than 2.5 microns or PM 2.5, ozone gas and
Total Volatile Organic Compounds (TVOC) with a microcontroller to take readings from the sensor based on the Real Time Operating
System (RTOS) to aid in processing. Result of receiving data from various sensors As well as transmitting the data obtained from the
sensor through the NB-ioT to the server to store the data in the database and process the data. For displaying the sensor values through
a developed web application. It can support NMU-AQI connection and display of multiple prototype devices simultaneously. In the
case of installation in a variety of locations which can bring the sensor values of each NMU-AQI to be displayed and compared in
different values according to the need by selecting the installed location The preliminary results found that Able to measure indoor air
quality for all 7 units, the values obtained are consistent and do not exceed the abnormality with indoor air quality standards. The

proposed system can be used in recording applications. Analyze data and view trends in indoor air quality.
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Generative Adversarial Network @1%35UN158§3196282A5 DOTA2

Generative Adversarial Network for DOTA2 Character Generation
adady dvmitand wasyg gvie noednan Zunema 557 wawild wes §Aa Asursauna*
Saranchai Angkawinijwong, Pongsarat Chootai, Krittipat Chuenphitthayavut, Theethut Narksenee and

Thitirat Siriborvornratanakul*
AzddaUIsgnd sotuduianmuuImImaas

Graduate School of Applied Statistics, National Institute of Development Administration
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I~ o s M v a P '

iy DOTA2 Wwnwlugaamnssunudalasa (E-Sport Game) fildsuanuiianuaziiyadmemsamegs logianz
wnsansanawansariazaslunsliiienuvanuansiaziuiunelalinuusenuszanuianalazasgiauld nmsdnm
nddgluadawuihmsussgndliia3ednedaudeniia (Generative Adversarial Networks) w3afii3andadadn GAN anldlums
amumsaunsesinmwyaasuanIninuldussdnsuand mAdeiifdiingUssmdiednwussaninavaamsussgndls
StyleGAN lumsa$uazaanuuuaazas DOTA2 Jusnnslusnwazmslimwinutiealunsilnaaudssancumslanay
alawy (Few-shot Image Generation via Cross-domain Correspondence)

TwanAeiideyanldlunsilnaau fe jUuinedevesdacasdlsinud DOTA2 e 256x144 Wniga 1w 111 U
Tagmmwazgnainuinlunanaass 3 61 laawamsdunglosiiawuilueafivssandananlues FFHQ annsadaulasaiy

& P v v y & v Y o &

omuazaynzasautumuazayneesdlslasgnagneas uddmthnasgnaumell Tuailaeadu 9 sansosdmulediienss
duuadiianuaanndssnuanyasiiazasag milgumwiaieeanmnnnlueant 3 ddnasuinduuazaamiisunugmw
waadlsinud DOTA2 TushumaansiBiaumuransnasasnuinguaadiugay Tues FFHQ annfiga euagluiea Church
uaz Tuea Horses audau lasdadevaniinguaiadnsldlumsaaduladanlueafizuraviuinandadztainaulazesnny
Wy poTA2 Tumwidludhdey

AE umu: Generative Adversarial Networks, Deep Learning, DOTA2 , StyleGAN, Few-shot Image Generation

ABSTRACT

DOTAZ2 is a popular game in the E-sport game industry with a high market value. Developing a variety of in-game character
traits can increase the company’s revenue and player satisfaction. Many studies can demonstrate the effectiveness of Generative
Adversarial Networks (GAN) applications to create cartoon images or recreate portraits. Thus, this research aims to study the
effectiveness of the StyleGAN application to be used in recreating and redesigning DOTAZ2 characters. To create new characters using
a small number of DOTAZ2 original character images, we use a few-shot Image Generation via Cross—-domain Correspondence. The
dataset used in training includes 111 thumbnail images of DOTAZ2 hero characters. Three models were trained and experimented with.
Manual observation showed that models adapted from the FFHQ model correctly adapted a person’s eyes and nose to the character’s
eyes and nose; however, the mouth part was erased. The other models could only create half the image but still correspond to the
character traits. The images created by the three models were quite dark and fresh, which also looked like the images of a DOTA2
hero. As for the qualitative evaluation, it was found that users preferred the FFHQ model the most, followed by the Church model and

the Horses model, respectively. The main consideration factors were how much the generated images are similar in style to DOTAZ2.

KEYWORDS: Generative Adversarial Networks, Deep Learning, DOTA2 , StyleGAN, Few-shot Image Generation
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%’agagﬂmwdauiuwﬁw&hazmmﬂmué’?uwiﬂ 2005
ldnniuladiunu 31,255 sUmw wadnsunIms
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Aflundvasuduazadih udasilaluddnluadime
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Foyatlnaauiiitosiuludmivaslfiinaouadaie
Fauderiiintufiinanwans Wy Hagiwara & Tanaka
(2020) naaneldiSoulaluszduaard (Class
condition) ﬁuqﬂﬁ'agaﬁﬁﬂﬂﬂﬂaau%ﬁﬁmmﬁaalﬁ
Weawaaansilndauaamaiinnsilndaumuund
ﬁqﬁuﬁqﬁmﬂ%mﬂﬁﬂmmﬂqmjuﬂ'aga (Clustering)
u,azm'iLﬁuﬂ%mmﬁ'agagﬂmwﬂnaau ( Data
Augmentation) ¥#ae¥ilanansauiiaUinadioys
findaududa 5 h NAENRTMWIUIA 144 x 128
Anwaduu 4,018 mwinanedlu 20,090 Mwle
Nnuimsnaassthmwmai lshumsnssuiums
anmLaa3 (Feature Extraction) M838NSHIN 9 Uad
ihilnasnimueidmunalalulsnesssadamumals
Finlanadniivii

Tseng et al. (2021) WauaIdzNsEnaauInIgIU
efm%’um‘%aﬂwﬁ'mﬁqﬁwLﬁﬂmﬂ’lﬁ'ﬁagaﬁﬁ"lﬁ'ﬂ Tums
naapiinmsldyataya CIFAR 10/100 uaz ImageNet
UAZTNNSNAFDIFITNAINAN ] AIULAIDIILTALLEN
Mifindriianuiieasnlssansmwaaanaiinms
Hnsaudithiaualudenanlulszduin (1) manse
YSulpissanianeaaaiadadaudeiiianmeld
ﬁaa’hﬁ'@msé‘?@@hﬁaga wae (2) swnsath gy
IEmaasudayaniaisnmsiinSnadayanin
flngawitatiinUszansmwmsiaudalu

Ojhaetal. (2021) la@dn®IA1sasIasazne
Faudamiialudnsazmsadmnianiiuiutios
sumslanauinulamy (Few-shot Image Generation
via Cross-domain Correspondence) 41U ﬁ ERREE
Jaynirzesnisindautaisdradaudeniiioly
sorumsaliilauuthwnefidiadsdayadiniu
Hndaudine i lvidadaynlarasia (Overfi)
aalddne iaufTamidenanauidenls
Usglaminnlawudunernelvadvsunisimsu
8299111 (Pretraining) uuﬁagaﬁwmﬂwmﬂuazﬁ
$1nuInn Nnvusehmsselauanuvainuans
°z|mifagaéﬁﬂ&h)mﬂé’uwwmgjti’hwmﬂué’nwmzﬁ
INsasNAMNIMTBULAZANLANETIF NS
ssvindayalasldszasvinaasnmsgadeaeiily
Townudruuuulug (Novel Cross-Domain Distance
Consistency Loss) mnwamswﬂamﬁv'q L%qqmmwuaz

el §Iselaaguinnmsadeainlunaten
Purutlasazaumnsianaulagdnlulnsening
TawudumanazUaronie uazadenmiiiany
PNNNNLUALFNIN LONNNIIEMS luadn
NNMSNUMUITSAUNSSHANEIINTIduRINIG
Fusouaasliiudausednsam Usedndua was
Joymnauene 9 zasmsdszandldiaiadnedauds
Andialdiiuadied vennniduufigenaldin
unveilanihluiea StyleGAN a1 l#lunsadraniw
MU MWNIFADN w%aa%wquﬂﬂa%u‘lwﬂashq
uwsvane amzEdvsudaiuandulylaluns
Usegndl¥ StyleGAN lumsaiauazaanuuudiazas
DOTA2 #uwluai TasasiiTaiaa StyleGAN fign
Hnaauarninliagnauainisuly uazilnasu
Wintinlaslfniwdiazas DOTA2 thaUSuls
LUUFI8DY StyleGAN d131508319 WG9z A
tenankalas NI NLUUYBILNN DOTA2 ladald Tu
Miseiiissansruruniwilngay DOTAZ 7
AzgITeaNsaIuTINnladuauiae Lite
Hassudamlanesilaioramuunldnends Tu
MAseizwzhumaddamlanesiiagas Ojha
et al. (2021) dwsumsaemndaninnutisesiu
Mslanauinulauy (Few-shot Image Generation via

Cross-domain Correspondence) mﬂ’azqnmﬂ%’ﬁm

3. 1M INeaad
maliansaiamwnndayailndauitnuinias
(Few-shot Image Generation)
qwuﬁﬁ'ﬂﬁﬂizqnGﬂ%mﬂﬁﬂmiﬁﬂuifmmmﬁ%ﬂ
(Ojha et al., 2021) Fudumeilafivhliaansahau
watstaadigniinaaulidrant (Pre-trained
Generator) WUszgndiitaaiummwaananluguuuudl
FlFnudasnsld Tasgaidunasisidoamansald
sumwilnaautiiasud 1 Mwiamasoadanaans
ponm ldifiuiiiwala adslsfousinaugunm
fngauianduiazdrelinaswidsunaziinn
wanuaEINNIUGIY tallafinuiteras (Ojha et
al., 2021) 1#@awnaila Cross-domain Correspondence
A 18 Tueasansoderuanuuanaeitiaduly
Hiaps2aelatuudume (Source Domain) lUgalaLuu
Ua1ema (Domain Destination) 16 uenMNINATIAI

FANENE NN LNz 8 @YIN LB la LNy
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Y

Uil 1 mwsnasmsmeastluenAdeil

Target Domain
Images

Adapted
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Uil 2 UETsinad DoTA2 AlFlumsiEeni o 111 g (\InN2aemwaIn (AucT, 2013))

M3199 1 mnlwainlFlumsilngeaudazanuasluaa StyleGANv2

Aontlnaaulidrmth

Y

Parameter
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Iteration

Batch Size
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Learning Rate
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4
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0.002

Augmentation

True

whuunefisnwaelnadaenumsnsenaaivasiliaes
229l ALNUAUNIND N

tnAHAYaY (Ojhaetal., 2021) ABINITBUNG
2 2819 laun (1) Iumaﬁgnﬂnaaul‘?é'swﬁw
( Pre-trained Model) &4 giveidanldiduluiaa
StyleGANv2 (Karras et al., 2020) wag (2) AINWAIN
Towuthmwneagedos 1 mw Femwlawuthuang

auflumwiideamslilumaingnilnaauliareniim
maGauduasUszandluealuadamwlugluuures
Towuihvingnfvue nasanmsindaunaawsi
arldfalassdsdiureaauuaisnasnaninsodii
sUumwludnwazidernudulueaignilnaauld
i ¥V e dl Vv

aanth wasimsdszandlulawuihvingidasms
Tisaudind e wu fvualueaiignilnaau
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M50 2 WAaWSTLlAaN Adapted Generator 28414t@d FFHQ, LSUN Church Wag LSUN Horse 64U6 Iteration #1 0 4 10,000

Iteration Model FFHQ
W 4 3
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Tunihau wazimuamwlawuihuinedasyne
Tunihaulugladuasdoiiu A wadwsildainas
finseuluias Ao Tuaaficnansoaiigunaluntheu
Tugduvuuazaladmsnevesdati A ld Toadang
SnmlassaisluwihiidhdganTaaaiignilnaauls
armilauazlbitianislenasianuninlan
dhusnsiidmualiGeus wihawiliflngouasd
sUMWLes 1 Mwhow
ijaﬁnnﬁaﬁwﬁ'mmqﬁmahmugﬂmwwaqﬁ‘[‘ﬂu
vnad DOTA2 fiddrwrulainnn lunsdnwil
ﬂmzw:'ﬁﬁﬂh (nAHA Few-shot Image Generation via
Cross—domain Correspondence (Ojha et al., 2021) W
Tfuluaangnilnaaulidaminge Tasnuissifas
mnsilngauuazildsuiisunaawsmaananwdls
28910 DOTA2 Nnuadwszasluaaigninaaul’
arnihEuduiivandeiu 3 Tueadenanaay

sl

TueadmUnenssuuas StyleGANve laun (1) Taaa
FFHQ (Flickr-Faces-HQ) Rldwiudmiuaiammn
Tuwniineu (2) Tui@a LSUN (Large-scale Scene
Understanding) Church #l#dniuadamulusd uay
(3) Tut@a LSUN Horse il#dudusdmduathanmnsh
I@ﬂQ’%ﬁ'ﬂﬁwwuﬂiﬁuL@aﬁgﬂﬂﬂaauéawﬁmmum
ﬂ'agaﬁumn@hqﬁ'mwéwﬁ gnihinilndaudezanlaad
mwlawwuthnanesiunudaguningls DOTA2
U 111 MW ﬁy’Qﬁ‘[umavgnﬂszmmxgﬂﬁmum
Lﬁ;aulwmswﬁmaﬂumﬂ%ﬂui wazgunimlauy
dhvaneiimiioudunnissms uandefudiasduea
fignilnaaulisremihillimilaufuahiu

gﬂmw‘fi 1 aqﬂmwnwaqmsmaaﬂmm%%ﬂﬁ
tiiaTuiaa FFHQ Tut@a LSUN Church uazluiaa
LSUN Horse ¥an8i9lutaa StyleGANv2 é’?ﬁuﬁgﬂ
fnaaulidrmihuunmieilaldmwnsguuaslal
endaanudiazas DOTA2 udathsle Fdlumanagy
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3197 3 WAANWSTLAIN Adapted Generator 2841ut@a FFHQ, LSUN Church Wag LSUN Horse 64U Iteration 91 15,000 84 25,000 Gatiiaaanmsnd 2

Iteration Model FFHQ

15000

20000

v o
4 =~

‘mmNu%gmmiﬁ'ﬂ“ﬁﬁwm?]naawiaaamé’w
sUMwls DOTA2 §1u3u 111 U (Target Domain
Images) ¢35 Few-shot Image Generation via Cross-
domain Correspondence ﬁmmiﬁmuﬂdmazﬁaulw
winfiwaslumsdeuidaaaslumansit 1 vl
Tenasnsaamsilnaauuluaalvel 3 dazeluias
Adapted FFHQ Tuina Adapted LSUN Church LLa e
Tuea Adapted LSUN Horse ﬁsiwﬁmmsaa%wmw
Mazasdlsluiny DOTA2 aananla

‘ngrmda (Dataset)

TunAdsiisunwlunihdezasilivaanud
DOTA2 2U10 256x144 Wntga 31uIu 111 54U
(AucT, 2013) ¢ad20819udnslunini 2 9:gn
muualidunmlawuihwinedmiulilunans
3 Tuaaignilnaaulidranil#lumadaus Tas
sUmwnnu 111 sudahiusunuiinnwedviy
madszgndlilunsiindaudasannnluaaiign

Model LSUN Church

Model LSUN Horse

Anaaulialeniilasldinaila Cross-domain
Correspondence 81489310N15NA B LU U8
(Ojha et al., 2021)ﬁwuiﬁwmugﬂmwimuu
dhwinesnu 10 mw Alsraswsihusziulauda

nsnaaastdatdSsutiiay ( Comparative

Experiment)

]
N Va v

wauangIveyhmsisuiisunaansanluaa

Eudu 3 ddegnilngewinTiadenmweeaiiony
athaFaau laun Tuea FFHQ figdemwluniney
T81Aa LSUN Church ia%19n 1wluad uazluiaa
LSUN Horse Ha3190 WY (WS 1E @093
Wisuisunadnsilédnamstszandlaeaiiily
Funuzasdlsznaundniaanluinuiidneiud
aziinaansiuadels aunsaaddiulsenaudis
Uszanlunnlaasudrunsala nande Tues FFHQ
Wudunuzesaundadlsluinud Tuiaa LSUN
Church (udunuzasdsnaadreluinud wu thu
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Srum vietlans1ms wazlui@a LSUN Horse Hu
frunuasdaslunud wu aiildddomuvdadas
fullugnummuzeeadlsnnadszon miimsneassly
amATaiignyuuunanwadu Google Colab Pro #l#
g150UI5A8 CPU: Intel® Xeon® CPU@2.00GHz,
GPU: Tesla P100, RAM: 13GB

4. anN1INeaay
Tumsdnwilazuanwadwsilannmsademniag
‘[mwiw&huwmmutuaL'sma's’;?;qagiﬂm‘lu‘[mﬂaﬁvhu
ARETET: ui’ﬁa 8795 Few-shot Image Generation via
Cross—domain Correspondence (Ojha et al., 2021 )
amulawwuithwinedeidanindls DOTA2 S1uu
111 /MW lasdilueaduuuu@e StyleGANv2 ﬁgn
'E’]naauéawﬁﬂ%nugm%’agaﬁsiwﬁ'u 3 Tupamuitld
nanluluidansunin Tasazudasnaansyn 9
5,000 59U (Iteration) ﬂamﬁ?]ﬂaaméuﬁy'mwisauﬁ
o filuaadaluifimsdauidosaannian aunsziisde
59U7 25,000 TABNASNEUEAIGINTINT 2 WAz 3
Aatiiaiy

n1stUSeutiautZaUSur o ( Quantitative
comparison)

nmuwwamsnaassluased 2 uaz 3 wuh
INL@aﬁﬂ‘izﬂqﬂ@fNﬂf\ﬂﬂINLﬂa FFHQ dansaaaulag
druaruazaynaesay lumuazaynaasdlsla
aggneae uadruhnazgnavaanll Tudrumaaws
filazgndananluiea LSUN Church uaas1oiiiiui
ﬁhmumwﬁgﬂa%waaﬂmaxmmsnmgﬂ%winaﬁl”i
T@isandanie wazdanuiluaanerernunui
winearasdluadarsnemuaily uazdrunadngd
Uszandanannluiea LSUN Horse Nilnaawslngides
Fufulumaan LSUN Church ndndamunadwsi
gnafeeninazansansgliihlilddeasmil
ﬁ%ﬁgﬂmwﬁ‘[uLﬂaﬁ'qama%naanm%ﬁﬁﬁdauﬁw
dunaran Fududnsundoduduglmneesdls
inud DOTA2 Aifwualiluaarinsidauiiuies
nanlai §ideaansadssgndinaiiansiauion
WUININYDY Ojha et al. (2021) %aﬂumﬂﬁﬂﬁﬁﬂﬁ
wuaisaasignilnaaulisnmihbitielanasia
NFNNMeas DOTA2 lallunadisa

Va o

vannniifiveduimalssiiunedwsideUsnm
@28Lua3n (Frechet Inception Distance (FID)(Heusel
et al., 2017)) Fududarazuuuidsnldlunis
Ussfiugaumwaaan naua Nzl uduanzinw
Tag FID as@uinszaz1asenineiliansiniaess
(Feature) 229 WasalSauisunuiliansiininas
waqmwﬁgﬂa'gww%aﬁqmeﬁ?yju @1 FID deviasii
1_iwaﬂﬁqQmmwwaqm‘w“?;gné’umwxﬁ%umﬁwgwiﬂ
NI UM AUAUAMMI WY BINI WA MWi 3 895
UEANNBANE2BY FID Lﬂ%ﬂmﬁﬂmwiwqmﬁ'agamﬁ
Hnaouluiaansduiugadayanwduanzialad
DOTA2 #9138 a3193usn nnwazLiiuiie
Azuu FID vasudazluiaaiuiidaeed) FID drga
wanemanull Teglauea FFHQ #@1 FID ﬁwqoﬂuﬁaq
msilnaausaudi 5,000 Tuaaeiiluina LSUN Church
wozluiea LSUN Horse fiéh FID shgaiinmsilnaau
59UM 12,500 Waz 7,500 MNEIGU

nstdSsuitiisuiBiamaiw (Qualitative
comparison )

dmdumanlFeuidisudegauammn giseldmhnwd
gna%'w%umnﬁ'q 3 TuwealUlvigiau DOTA2 Uszine
Tnaduiu 12 vudszdiv Ima@'téuﬁy’q 12 Yhuildl
Uszaumsainsiau DOTA2 agheewitsdiiull uaz
ag/lungy Facebook %8 DOTA2 Thailand %wﬂuﬂfojuﬁ
Hunugauiiianureuwasaulaluny DOTA2
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Tuwidase 9
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wuhTaaa LSUN Church lasuuiadogege 7.17
auareTuiaa FFHQ fAzuuy 7.08 uaz laiaa
LSUN Horse finzuuy 6.67 azuuumuargy sruly
AIUANINANYT R (mwﬁ 7) Wuﬁmaﬂzuumaéﬂ
BSeadaunninnlUiias@e latea LSUN Church g
8.17 luiaa FFHQ ¢ 8.08 uazlui@a LSUN Horse
16 7.83 gamsazuuumassuanuinaula DOTA2
(AMwi 8) wui Tuiea FFHQ Iﬁﬂmuumﬁlﬂgqqﬂ
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ez 1utea LSUN Horse NALUUY 7.33 NSO
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In vitro Propagation of Curcuma lithophila SkorniCk. & Soonthornk.,
an Endemic Species of Thailand with High Potential to be used

as Ornamental Plant
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ABSTRACT

Curcuma lithophila SkorniCk. & Soonthornk. is an endemic Zingiberaceous plant of Thailand that is found only in
Kanchanaburi Province. According to its long peduncles coupled with colorful inflorescences, this plant has a high potential for
becoming a new economic cut-flower or ornamental plant. For these reasons, C. lithophila is collected from its natural habitat for
trading. In addition, some distribution areas of this plant are being disrupted by human activities, making this plant become a threatened
and potentially extinct species in the future. Therefore, this research aimed to establish the propagation method using plant tissue culture
to conserve this plant. Seeds of C. lithophila were subjected to a surface sterilization process before inoculating onto Murashige &
Skoog (MS) medium. After seed germination until in vitro young shoots with a height of 6 — 7 cm were obtained; these axenic shoots
were excised to obtain 1.5 cm high leafy-shoot bases. Then, these explants were cultured onto MS medium supplemented with 0 —
20 uM N°-benzyladenine (BA) or meta-Topolin for 8 weeks and later transferred to MS medium for another 4 weeks. The results

revealed that MS medium supplemented with 10 pM BA produced the highest new shoots (6.90 shoots/explant). Plants regenerated
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from this medium exhibited a 100% of survival rate after planting ex vitro for 4 weeks. These presented outcomes are not only helpful

for the preservation of this endemic species but also could be applied for commercial cultivation, which will reduce the removal of

plants from the forest. Moreover, it could be used for C. lithophila breeding, increasing its value and supporting this plant to become

a new economic ornamental plant in Thailand.
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WenfuudlFnmilshidmeuy 15 il

liiag9nsanlasaidafilédarnnisimizinge
fisrvrusrinadalifisanadanisetivauise
msAnniuinUsnaRanassdlasthesasouiiil
2UIN 6 — 7 WWUANAT WAA TR aLNesaIulau
A10UFY 1.5 LFUALNGS wdih lideauueIms
d9LA91gns MS #il BA (Sigma, USA) 19 u3u
8 TulasTuad viu 8 §Ua v udriheldidedauy

2IMITILAEYgns MS 8n 8 dlanv (ﬁwﬁyuﬁﬁq
o slninn 4 §aw) milgasermauazizms
éﬁnehaLﬂuﬁﬁmiﬁugmwmﬁaqﬂﬁﬁ'ﬁﬂﬁmm%m
iatiediy Madmwgnemand amsineand
umdnedendion lunsiiudsuaianasns
TAeananamsianuiae
waaniadulaudduzasdundingaiigniwne
wazideslumautlosld 1 wie via 1 Fuity/ne
naufilHEssiizneaniamne 120 §ada05 uaz
U5330191989LA 1 ¥UTNI0S 20 Hadd0s vzl
msrnih e nIniuazdSuamwauislindan
damseanlgnuanvasanaasd 1521auii2ue
250 §988NT WATUIIIDINITEIANHUTIGS
10 fioddns dundimamigninsdsmeldanmgi
25 + 2 pvenwaded wazlasuuaadudy 37 lulaslua,
MINNAs /AT NnrasalWwgeasaruddeing
i (WaUd, Usznalng) wu 16 $lae/Su
2.2 msﬁnwvgmmmiﬁ'mmzamiamﬂﬁw
Usuasusdgimaailuvaannaaay
saasaulasaitarasdundmaaliifanugs 6 - 7
wwuiwas gnanlimasiiesdiulaudrdugs 1.5
wuRNes uinhiuizaanannldidesuneins

Fuamie¥igns MS faude BA vda mT (PhytoTech
Labs, USA) fiszeuanuisiagiu o (Faauaw), 2, 4,
6, 8,10, 15 war 20 lulaslum$ iaidedulay
Sduvuemsiasueielalnlaiivauasu s §lev
(é’w%uﬁmjmmﬂminﬂ 4 §ensd) Sedhezuiinly
Lﬁyﬂwuawmﬁuﬂiwzﬁgm MS ﬁlmaumsmuqu
mswdulavasitadadn 4 dUMY IusTEzMEEEY
Ny 12 U

2. 3 msdsvanmwuasisundnigaiaanign
HaNBaaANAaAN
ﬁwé’umﬁmtyaﬁﬁlﬁmnﬁumauﬁauwfbmé’wLﬂw"’éuﬁ
fausnasinesndiinda Rntusahduiisly
ﬂgﬂaﬁuqqwaz‘*ﬁ"ﬁ?}wssaﬁ'aqﬂgnﬁﬂudauwau
izwdwﬁuﬂgﬂdu%gﬂuazmumw%ﬁﬁﬂué'mwéhu
3:1 egugulgnanegenanadnle mnﬁ?uﬁwﬂﬂgﬂlﬂ
Wusnw luusnaminswsIeus 409% satduiy
Flonviaz 1 A% Lﬁaﬁuﬁﬁaanﬂgnmu 4 §UMA 3
paaganaIadnlanan wasiuiindnsinssaadie
s duiisishumsuSusawilluifusnslu
Tsadaulgnduliizasmedmugneenaass dall
2.4 MIINUKUNITNANDY NIATFIUNITINTAYA
UAENITNATILHHAN NG
msﬁnmﬁawLqumswmaamuuduauysm’
(completely randomized design) laal# 10 %uﬁ?ﬁ/ﬁﬂ
NADBY UAZNABDIZ 3 A1 (5N 30 %uﬁ%/qﬂms
NAaY) FoRITIUINYBAUALIINTUUIINYDAUETIN
TsinAazunavueluudazaanaass seefinnuen
°uawamu,ax'iwfﬁmmnﬂamuaxmn‘lwﬂﬁﬂnﬁqmaq
UAazIIANAaEY 13l MmsTigdumilafurasity
2dBududdufindadont leafy-shoot (Larsen &
Larsen, 2006) fanumsInanuenzasaalmsily
msdnniissanndulauamauliaudaeluiien
fig Foyagmiliiteszianuulsusu (one-way
analysis of variance) tazmInmInadautaw (F-test)
wuanNuanaNagitedAyneada Juhdeyald
Jes1eilSauLiisuaan1835n0715 Duncan’s new
multiple range test (DMRT) msﬁnmﬁ?mswﬁﬁaga
#1eTUsunsn PASW Statistics 18.0 f13526U p<0.05
LLa:LLamﬁaQaiugﬂﬂam‘ua?;ﬂ + druiiaaiuy

W1933U (standard deviation: S.D.)
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MId 1 Masyraean lmindsmnndssdiulaudmduasiundmyaiuuemsduanzvigas MS il BA uaz mT Wanduseiunu & duaw sude

theguiislui@esuunmsdunnzvigas MS dadn 4 duanid

FANITNAADY Nurusan v /duiis mwgwmaaﬂ‘lmi (LBURNAT)

(laTasTuans) Fovin 8 Fowin 12 Fonvin 8 Favin 12
0 (49AIUAN) 1.20 + 0.42" 2.20 + 1.03"F 4.79 + 1.10" 11.36 + 0.73"F
BA 2 2.30 + 0.48"F 2.50 + 0.53"F 7.82 + 1.20°7° 14.42 + 0.70"®
BA 4 2.80 + 0.79°° 3.10 + 0.74° 8.06 + 0.39"°C 15.20 + 1.06"
BA 6 3.10 + 0.88"° 4.70 + 1.57%°¢ 8.19 + 0.65" 14.75 + 0.95°
BA 8 3.40 + 0.52° 4.50 + 0.85"°C 8.43 + 0.78" 12.68 + 1.27°
BA 10 4.00 + 0.94" 6.90 + 1.45% 9.37 + 0.85* 12.50 + 0.62°€
BA 15 3.00 + 0.47°7" 5.10 + 1.37° 8.32 + 0.51° 11.46 + 1.11°
BA 20 2.70 + 0.48F 3.00 + 0.67" 7.35 + 0.71" 10.46 + 0.52°
mT 2 1.40 + 0.52" 2.00 + 0.47° 5.99 + 0.59° 14.40 + 0.80*®
mT 4 1.50 + 0.53" 2.20 + 0.42°F 6.52 + 0.99°¢ 13.97 + 0.86"°
mT 6 2.10 + 0.32° 2.50 + 0.53°F 6.81 + 0.79"" 12.95 + 0.99°
mT 8 2.30 + 0.67°" 2.70 + 0.48°F 7.25 + 0.47°F 12.43 + 1.52°
mT 10 2.50 + 0.53" 3.00 + 0.94° 8.15 + 1.17%°¢ 11.30 + 1.01°F
mT 15 2.90 + 0.74"°¢ 4.20 + 0.79° 7.98 + 1.05°° 11.24 + 0.65"F
mT 20 2.60 + 0.84°F 2.80 + 0.63°F 6.90 + 0.325" 9.11 + 0.73"

F-Test * * * *

v ) v . o PN v o Y y o Z ' ) o . o aa
LN * LLZWNFYJ']ZJLLGIﬂﬂ‘l\ii]il'l\iﬁﬂﬂﬁ’]ﬂiy"ﬂ'lﬂﬁﬂﬂﬂ”lﬂ F-test (ﬂ]i]ﬂH‘Sﬂ'l‘l?ﬂENﬂi]‘l?}ﬁl,l,(ﬂﬂ(ﬂ'Nﬂ‘LIGIWN(?]'IS’NLL‘u](fNLLﬁﬂ\iﬂT}NLtﬂﬂﬂﬁﬂaﬂﬁﬂﬁuﬂﬁﬁﬂiyw}\iﬁﬂﬂ

#e35n3 DMRT (p < 0.05)

; . ; .
mMINd 2 Mswsrasnnlminamndasdulauddussdundmyniuuemsduanzigas MS ifl BA uaz mT dadusiduinu 8 dUanvd snushzde

Fufigludesuuemsduanzvgas Ms dadn 4 e

TANMANBY nusnlvei/duia ANNENVAINN NN ([BURNAT)

(lalasTums) Fnin 8 Flavin 12 dlovin 8 duanvin 12
0 (¥APIUAN) 6.70 + 1.06" 12.60 + 2.17° 5.60 + 0.39° 7.47 + 0.56°"
BA 2 7.80 + 0.79°" 14.30 + 1.16%€ 6.45 + 0.55"" 9.10 + 0.46"
BA 4 9.50 + 0.53" 16.30 + 0.95" 6.60 + 0.77" 8.79 + 0.55*"
BA 6 10.20 + 1.23* 16.70 + 2.75" 6.25 + 0.49""° 8.50 + 0.46°°¢
BA 8 8.30 + 0.82" 14.80 + 1.81° 6.15 + 0.41*°C 7.80 + 0.26"
BA 10 8.00 + 0.82"°¢ 14.40 + 2.07° 5.92 + 0.23%€ 7.65 + 0.41°"
BA 15 7.40 + 0.97°F 13.40 + 1.90%" 4.94 + 0.72° 7.45 + 0.50°"
BA 20 7.00 + 0.67°" 12.70 + 1.347° 4.19 + 0.33"° 7.38 + 0.60°"
mT 2 7.50 + 0.85°" 14.30 + 1.16%€ 6.40 + 0.66"™" 8.65 + 0.59°°¢
mT 4 6.70 + 1.06" 13.90 + 2.56°" 5.98 + 0.83"°C 8.26 + 0.58°
mT 6 4.00 + 0.82"° 10.80 + 1.40° 5.55 + 1.12¢ 8.22 + 0.34°
mT 8 3.50 + 1.08"¢ 10.10 + 1.20°" 4.91 +0.73° 7.26 + 0.30%°
mT 10 3.20 + 0.63"¢ 9.80 + 0.92°" 4.25 + 0.79"° 7.08 + 0.23"°
mT 15 2.70 + 0.67" 8.90 + 0.74" 3.15 + 0.63" 6.89 + 0.31°
mT 20 2.30 + 0.82°" 8.60 + 1.07" 2.77 + 0.51" 5.42 + 0.38"

F-Test * * * *

MNYNA: * WFMIANUUANANBENITBEIAYNNTDAN F-test GIDNHINEBINYHNUANANAUMNMITNUNATUTIANNULANGNBENTTehAYMIada

@855 DMRT (p < 0.05)

3. HaNI1IINeaal

3.1 manangindadinnse uaznisinmir liiingan
éiamlaam?’?gaannW%m"uam?nnyau"‘luwaamnmaaa
Wathwdafitnunszuiumswansndaiunmnglu
amwilasawansu 1 dUamv Liwumsuuidlauan
dogain wiadmeniudundrewnadndoms
AsU 12 dUaw (gﬂ‘fi 20) wazwarduduniis
AINGE 6 — 7 LBUALNGS LiBinzaTy 24 dUaW
(5U7 22) Hedundrdsnandanuanysaiuiouse

wanzaudamsih Wl inUSinadisnaassdaly
il Tuom 24 dlevidaiisasimsaniiies 0%
3.2 MaYad BA uaz mT nanisanilvitinganlva
lunaaannaaswassundinigai

wannAssEuzY 8 Aoy wuhmngasems
mman%’nﬁﬂﬁﬁﬂﬂam"lwﬂé’é’msﬁwmuuazmmQN'*?;
uwanefy Fuiisuugasermagamugulidin
(1.20 ﬂaﬂ/%uﬁﬁ) LLazmmgwawamlwﬂ (4.79
WURLNAT) ﬁaﬂﬁqﬂu,azﬁmwLmﬂshqmqaﬁﬁmﬂm
MsNAaasaY amsiid BA Wadu 10 lulasluand



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 248222

BA (lulasTuand)

mT (luTasTums)

Uil 3 masgrasaanindimmhanlauddurasdundmaailuidssuuemsduanzvigas Ms il BA wia mT wadusheiu wiu 8 dled (n)
uttheguiiglidssuuanmsdanszdgas MS dadn 4 §ed (2) (15 = 1 wudwes lumw n wez 2 wudwes lumw 2)

BA (lulasTums)

000

mT (lulasTums3)

”\ “\' ‘ . 0
6 10 15 20

BA (lulnsTums)

mT (lulasTums)
6 8

Uil 4 madgrasnnnindmnihdnlaudduessdundmaailuidssuuemsduanzigns MS il BA w3a mT diadusaiu wu 8 §ew (n)

2

udréheuil@suunmssuanzigns Ms dadn 4 ddamid (2) (19 = 1 wufwaslunmw n uaz 2 wudweslumn 2)



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 248222

=

Tinswsyeasesalnddngalunguaimsnds BA

v
a A

(Gruusaalna 4.00 8o /Buiy, ANNGIEDa LN
9.37 wufiugs) duiunguaImsiitin mT wuh
mT fienudiagu 15 uaz 10 lulasluad wusuou
(2.90 Ela@/%uﬁ“lf) LLasmmgmawamMﬂ (8.15
LBURNGAT) mﬂﬁqﬂmuﬁﬂﬁu wail lafansan
Wisuiiisunsld BA uaz mT dszduanuduiy
L@y wud BA Tahuuuasanugezateanln
10N mT Tunneandudu (5197 1, gﬂﬁ 3n)
uamsnaaaslumusindanuin BA ddedslagsiu
waﬁwmuuaxmmgwaﬂlwajagiﬁ 3.04 890 /3l
UaT 8.22 1EUALNAT 2T mT HeeaslaesInyas
snnugealual 2.19 s,/ suiis wazANNGIBDA LN
7.09 LBUANNT
Lﬁaé?m%uﬁwmtgﬂwiauummiﬁqLﬂﬁsﬁgm
MS ﬁﬂ‘nﬂmﬂm‘sLﬁumsmuqumslﬁu‘[mmu
4 U Lwiasqmmmswummﬁmwawam‘lwsjﬁq
Tudrudruiunazanugeiiindunndosii s
loggamuannuiuugaalna 2.20 800 /Buiy
wazean IMNIANINGN 11.36 WUALNANT HAMITNABDY
vdusifienuaseadetuludlesd s nande
wamsmaaﬂumjumwwﬁlﬁu BA wuhsuiiniieg
QNLaENUL BA fisvduemudiaiy 10 war 4 lulasluns
%5117 (6.90 an/Fuity) wasANNGe (15.20
wuduns) vasaaalmigegalugasarmanguil
MNTAU wmxﬁ%uﬁﬁ}qmﬂgﬂLgmuummsﬁlﬁu mT
wWuih mT Aenadasi 15 wae 2 Tulasluand Irs o
saalvi 4.20 saa/Buily WATAINGIYDIEDA LN
14.40 LHURLNAT MNEIAU é’z’}ngqm’lumm'ﬁnejuﬁ
HaMNAaRITINUTn BA faasuaasuamsiniinlim
fimasolisaalvifiganiy mT nelussduamudadu
WREIN UL TUAINTIN (mswﬁ 1, gﬂ'ﬁ 3%) Iﬂﬂ%u
ﬁ%ﬁmﬂgnLgmuummsﬁta%uﬁm BA fifiadssiu

] (%

waﬁwmuuazmmgwawaﬂiwﬁaf;iﬁ 4.26 40 /%

u

]
~

WY Uas 13.07 LPUANAT YUNYANABDY mT
fianndssinasiwaueanlni 2.77 saa/ suily
WAEANNGNUDILDA LN 12.20 LHUALNGT
3.3 HaYad BA uaz mT fan1siinsinlualuvaan
naaasuadGuNainI QI

Hamsnaaadh 8 dUan wuihduiganansaasa
Tisnlvaildies Tasgamuaniisiuuuazanue
yaenlnait 6.70 91n/Buiiy war 5.60 UGS
dmunduannsiiin BA wuhamsiii BA ddu

6 lulasluans wudwunnlvigeda (10.20 510/
%uﬁﬁ) wmsﬁmmanswn‘lm\igﬂm (6.60 LBUANNT)
wWumngaeTiEesuuaNshl BA Wady 4 lulaslums
wamiwﬂaaﬂuﬂdummsﬁtﬁu mT WU e
mT wntu 2 lulasluans ﬁlﬁﬂﬁm'%ﬁyﬂaﬁmﬁﬁﬁqm
(Susinlmi 7.50 50 /Fuity, Anuenasinlea
6.40 LBURLNAT) WANISNABBISINUT RszFUANN
Wadudenfuiiy saeiitasuuemsINGY BA wu
msm%tywamﬂ‘lmiﬁgjqndw mT Tunnanududu
(5197 2, gﬂﬁ 4n) uBNANI BA faliaiads
Taasiurasiunusinlus (BA = 8.31 510 /Zuity
mT = 4.27 570/5uf?) wazane12510lny
(BA=5.76 LHUALNANT mT = 4.72 LBUALNAT)
#nnnd mT 8ndae

wé’fqmﬂé”nﬂ%uﬁwmLﬁymuummi&’qmsmﬁqm
MS dadn 4 dUendd Buiniinsadaldduiuuay
ﬂ'nummaqmﬂﬂlm\itﬁuqq%umnﬁﬂmﬁﬁ 8 %40
AuANIIUIUNININ 12.60 0 /5uity wazsn
Twsifienned 7.47 BUANAS “lunejuqmmmiﬁ
W@3NAI8 BA ﬁv’u Fnusinled (16.70 swm%uﬁﬁ)
UazANNEMTIN LKA (9.10 LHURNAT) gqqmwumﬂéu
fnieeE Ui BA Wy 6 wae 2 Talasluand
MURIGY Busizuiriegnidesuuasiing
@3N mT 53808 WU mT wndu 2 lulasluand W
gmmmsﬁﬁNaﬂizvm@iamsm’%aﬂamﬂim\iﬁﬁaﬂ
ﬁqmiummsnzﬁuﬁ isennansalisiuiuuay
ANl 14.30 Hon/Auiin war 8.65
DURNAT MNEIOU ‘?}QLﬂuﬂ’liLQ%ﬂJﬂmS'}ﬂlﬂﬁﬁgﬁ
ﬁqmslunejummiﬁlﬁu mT wamsnaaadludai
12 fafianundsadefudlanii s na1nde BA &
mswsarasnnlnifiani mT ‘Iunﬂmmtﬁuﬁmﬁa
finsenulZauiisuiissduanuduiuden iy (a5
Wt 2, gﬂﬁ 47) 8n1a BA falvidasslogsinmes
Fuunluid (14.66 sm/%uﬁﬁ) LATAIINYIITIN
Tvsi (8.10 WURLNGAT) ﬁgma'wqﬂmsmamﬁi% mT
(Fusinlug 10.91 570 /Fudie, anugnsnin
7.40 LBUANNT)
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a3nfl 3 Mmseaievesdundimaaiannamsudasgasnanasnignuanvasanaaesiu 4 s

goamamasas (lalaslams)

> P
2VYALNITIDADIA

0 (aMUAN)

66.67 + 15.28°

BA 2 83.33 + 28.87"°
BA 4 93.33 + 11.55"
BA 6 100.00"

BA 8 96.67 + 5.77"
BA 10 100.00"

BA 15 96.67 + 5.77"
BA 20 100.00"

mT 2 93.33 + 5.77"
mT 4 96.67 + 5.77"
mT 6 100.00"

mT 8 100.00"

mT 10 93.33 + 5.77"
mT 15 90.00 + 10.00"
mT 20 93.33 + 5.77"
F-test *

o o o an v o Y Y oo z ' v v o o aa
e * LLHﬂ\‘]ﬂ'ﬂNLL(ﬂﬂ(ﬂ'NﬂEJ'NﬁuEIﬂ'lﬂfgWNHﬂ(ﬂﬂ']ﬂ F-test GI'Jaﬂ‘Hiﬂ'l‘H'lENﬂi]‘HﬁLWIﬂGI'Nﬂ‘u(ﬂ'lNGI']‘j'NLL‘LI'JGNLLEWNFI'J']NLL(ﬂﬂ(ﬂ'l\iaEI'l\iﬁ‘uﬂﬁ'lﬂinNﬁﬂGl

@183515 DMRT (p < 0.05)

BA (luTasTumd)

mT (lalasTuans)

; ; Yy % 44
Ui 5 mahduadimaadfildnansinsdeuiiaiadaubyuuamsdunnsiudazgas aandgnuanwaaanaass (N5 = 3 udns)

3.4 maheuizaanignuanvaannnaas

Lﬁaﬁﬂﬁuﬁwmé’mnm’smwmgmLf':al,flammgmaaan
Ugnuenvaaanaasinsy 4 §Uev wamsansiwud
é’uﬁﬁmmtdazgmmmsﬁé’mwmssaa%ﬁmagiﬁ
66.67 — 100% lAgYAMIUANNUBATINITTDATIA
waﬁuﬁmﬁaﬁwaanﬂgnﬁwﬁqﬂ (66.679%) 9IMIN
LN BA %58 mT S3uaenwunaiuannlvansimsg
seniianasduiisagii 90% udiitfissduiindasion
mﬂgmuum‘miﬁqLﬂswﬁgm MS A% BA (s
2 TuTasluanduiniu fiwusasimssaaiinuasduiiy

N 83.33% MUTWENDIVITIIUIY 5 FgATenITu

D-

o

nannseh lAduignnauansoiiinsaanivne
(100%) iigrhaanlgnuanviaaanaasd (NN 3,
UM 5) wansneasslagsInaanunauNiIuNs

LHENAINBINISNLETNOY BA (95.71%) HDNINT

590330 NgenNgANINAass mT 1aniae (95.24%)

Li"laﬁmimmniiagaﬁwm annsoagllad BA
wisnzandansihan ldvenawugaundinigaly
¥aDANAaBINAN mT thasanasnsasmhliiie
g0 Ly lefnnuazinanssnudansmsiinsniiae
A aiemsduansigas MS i BA g 10
Tulasluans Lﬂugmmmiﬁmmzamiamiwmﬂﬁuﬁ:
dundineaailuvasanaass Lf‘laqmngmmms
(?fﬁﬂfcinmmia%'ﬂﬁﬂﬁlé'aﬁmuﬂaﬂiwﬁgqﬁqmmﬂ
NAYAMINAAEY A0 6.90 wan /Aty Tanzaalusiil
AINGN 12.50 wudwes lasnluwsisinu 14.40
s10/8uits wazsinluifianuen 7.65 wufwes
snmdawuhduiisiiadgnnamnsgasiiisasnms
580330 100% navIMiaanlgnuanvaaanaass
WU 4 Uy
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4. 3a1iﬁmaﬂ15ﬂmaaq
diahseresdundmaaiisunszuumsnansh
dainluidssluanmwiasadauy 1 dasd Ty
m’sﬂm‘%]aumm%a@a%w Fida0AEBITUMTINNZLAEN
iisidafienedBaunriiainunamsnaassludnuae
LAEINY (Behera et al., 201 9; Chuengpanya et al.,
2020; 2022) ﬁqﬁamLﬂmmwiwﬁumﬁmﬁyaﬁﬁ
fugdananiien lidnuaswdedTomaduiadu
Fudien 5n'v°?qLuﬁﬂﬁqﬁmﬁanﬁ:umﬁmﬁwmuamﬁq N
mlanansaldmseianuduiugeniunmuu
sehtuasumswenzhideinlg SuudiwEnuadu
wiimaadazmanzandamsthinlFdusuiin gy
Lf‘lmmﬂlﬁwumsﬂm‘fv]aumﬂL%ﬂ@a%wmzmé"q
FunaumswonsEe udmsalsnsinsianites
30% wdanawnzluamnisanidauy 24 §Uasi
Tasanaunannmsimisaiianaldamswansdad
mwLﬂ'uﬁung%alﬂ'ixﬂznmm‘sﬂanmﬁmﬁmu
wuld (peaSandidindu 20% mume 15% USinas/
U3305 WuAsaas 15 uIn) Wil Vargas 1L8¢ Flota
(2005) Tgiaginnssudinmswangndainganse
dransznudamsiasareaiiodeniasuiimensa
msWanznideinld duiuwmaliiidesialumsldn
Fadrag1aNan ArsiinsAnmanTTuLay
szazamsldasendnsa il ofiwanzay
Lﬁaﬂlﬁ’lﬁm?}qmsﬂulﬁam%aaga%wﬁs‘imazmsmﬂ
waqLuﬁmﬁumﬁmmaﬁﬁgqmwﬁqmswaﬂ?hl,%aﬁa
Wae upnNI MsTmMsAnmaamsfitiinzande
mssenzaundadundmaaimeldannzUasaie
Windndald Fansdnmlufimedinesiio wu
MSNLLNEAYDIAUNINVNE LUV DANABBINUIINS
Wnansmvannstiulansaiuluatsadn (GA,)
avlupnsdaanzdanmnsanssauliaaaiisnsms
qamﬁugq%u (Behera et al., 2019) wiMslEuaa
Fusuiinsuduilazardoscoznalumsean uaf
amansaih ludssgndlfiiansudaduinlussdu
qﬂawnssulé’é’qﬁwﬂumswmaﬁuiﬁmqﬁ%qmq
%1l@ (Behera et al., 2019; Chuengpanya et al., 2022)
msannidanlFdulaumduiviuiizneaas
szasnsadalding 51015 Fenaaansanwil
wuheealuiwsaynnuinadulaueduinaass
TagasIHIUNTLUIUNS direct organogenesis ‘%;Q
Ad18AEIRUNISINIELEB BB adY C. candida

10

(Chuengpanya et al., 2019) WaNHINATIUINBUR
(Chuengpanya et al., 2020; 2022) Lﬁaﬂmﬂd’luiﬂu
°zlméwﬁumﬁaﬁuwmﬁmaﬁ%wzﬁtﬁaL?]am'%ﬂgu,axm
19ag Ivawsoadyiueealuild (Larsen &
Larsen, 2006) lagdiafzainsiiaNgeIunszLIUMS
i de Iﬁﬁuﬁﬁﬁmﬂmuﬁuﬁ: (Das et al., 2010) yauzil
Mohanty et al. (2008) WUIIMSIineaa lBiupIAY
C. aromatica TASYHIUNFNIHATUADETHUAIIN
wU5UsIUMaWUGN5IH (somaclonal variation) Tog
gaalndivsduiiszaunassdnaneluannduusizs
Wuiiy 2X dimhdlauddurasdundmaaly
Lﬁymuummsﬁqmawﬁgm MS 4AAIUAN NIBLETH
g8 BA uar mT Wy 8 s yngasamnsgnili
Lﬁ@mamlwﬂluﬁwuauttazﬂawuqqﬁvhqh"ulﬂ Femswu
ﬂaﬂlwajm'%iy;zgiumﬂ%uﬁwﬁLgﬂquuqmsaWﬁm
muauil oflumnstuiisiimsasanasaseg
sauﬁqmsmuqumnﬁu‘[mﬁLﬁmwaeiamsv‘iﬂﬁl,ﬁﬂ
ganluale (Chuengpanya et al., 2022) Feenaluann
M3Naaa9luay C. karnatakensis ﬁlﬁwumam’%tywm
sonluiidaldssduitguuarmsilidinsidnas
muqnmslﬁﬂm (Shanthala et al., 2020) W8NS
naassdanuhnuwasaNNgzateaaluilugas
21W3TLAN BA Woz mT ﬁmsm%iywawaﬂimjﬁqq
nNEAAIUAN miluwszansngasrfiaduas
mugumaivlavasilungulanladiu Sseangnd
Taaasedamsaaasulinasanluisunssuiums
NSEAUMIULNEDE MITNANEMIWNAWBINTN M3
Mangdnswansanvesnaangnie (George et al.,
2008) waztinUSanamsdaanzdaouas (Fuadi
et al., 2014; Skaldk et al., 2019) w3aaatasnlwie
M58AENIVBILDAEIUNTLUIUNITAIUAN LAV
wumwmmaﬁw%mﬁmgmﬁm (Skalék et al., 2019)
fauillalnlafivazduasumsasazeseanlviuddas
Wluemudndudivmnzas sz mstiuanu sy
294 BA tAund 10 war 4 lulasluais wsaldanu
Waduzes mT unh 6 wae 2 lulasluans dawal
NuUazANNGNEE a0 Indaa Ul gIdaaad
MG Fedanedasiunmdedaunthumeneny
welunsdaas BA (Bharalee et al, 2005 ;
Chuengpanya et al., 2019; 2020; 2022; Das et al.,
2010, Khumaida et al., 2019; Shanthala et al., 2020;
Sharmin et al., 201 3; Shukla et al., 200 7; Tyagi
et al., 2004; Yusuf et al., 2007; Zhang et al., 2011)
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%98 mT (Behera et al., 2019; Elayaraja et al., 2019;
Erisen et al., 2020; Khanam et al., 2020) mM5l#aNnN
duduzaslylnlafivgeiuniiszduiinunzas
wannnazyhlvaungagluanizeizaudd deiina
Fudamsuiaesadla (Carimi et al., 2003) mqma'wﬁ
Fenlilginlafiufienududugedgnidudinie
graansEnilviiiaeanlud (George et al., 2008)
vazidieniulainlafiufignsvildduimaansad
Sroafiduduluvaaanaass (Lledo et al., 1995)
gatAsanadululdhmsiisenudasumaslsinlaiiv
Tusmsiasedanaliivsnaigeiaulunase
wﬂaauﬁugﬁyju &9 Brar et al. (1999) WUNMSLHx
assudensadefgefauaclusimssuaszi
5swiwmﬂw1m§ymLiﬂ:m?;aéfu Vigna unguiculata
viﬂﬁéiuﬁwﬁmmgqﬁmnmimmmswmamﬁlﬂﬁd
Fuludauadnmsiiamreiauluwaaanaasidna
NIENUABANNGIUaTMIBaEITRIRUTELA

Taeundudqlalnlafiudgnidudenisiiasn
dasnilumsiieangniassnuiuesnudaiums
muqumstau‘[mw@Nﬁﬁﬁtﬁm‘ﬁ'm‘[mmﬁumstﬁmwﬂ
(George et al., 2008) Lwiwamswmaaqﬁﬁﬂmﬁﬁ 8
wuneuigaansainsInlewes Jeeradululen
anudusuradlalnladiuiilalunmsanmiiliduds
AFLAIYYBITIN miifgeddmanesiainunans
nososludnwasiiidusy (Behera et al, 2019;
Chuengpanya et al., 2019; 2020, 202 2; Bharalee
etal., 2005; Das et al., 201 0; Kusumastuti et al.,
201 4; Shanthala et al., 2020; Yusuf et al., 2007)
aehslsfiony msAnmiwumnaisenuE i
BA tiun 6 wae 4 lulasluans vialdanudadu
289 mT iund 2 lulasluand demarnldduiuuas
anueaInnlvianas Beameasatumsnziae
\iaafignedanarasneay (Behera et al., 2019;
Chuengpanya et al., 2019; 2020; 202 2; Kusumastuti
et al., 2014; Shanthala et al., 2020; Shukla et al., 2007)
Fumszmsulasuwlasenud siueaslglnlaiiv
finadamanannzeuiladasyiitierdssiumssn
1 19Aas1nle (Bianco et al, 2013) wardid1a
Jululgnmsuiinenudaduradlalnlafivluaims
FUANHRNNAADANNIANNINTUZBINIAIUANMS
ulameluduiialifissduaslyinladuiigand
pandu FullunalvnnluiiaSnanas (George et al.,
2008)
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nnmsidundimaaimmsaiannldiauign
eauuamsduasneiiasuaalalnladiu dadu
9MIFUAZTGNT MS ﬁﬂsmmﬂmslﬁumimuqu
madulazasity Seagmihanlfiieldsinfinswann
wndsay wazflumsuSuamwduilvwiandams
M1eanUgnuanasanaasy Lo George et al.
(2008) 161'ﬂa'niwm{l%mmﬁﬁﬂmﬂmﬂmimuqu
matdulavasiimiiunsdielsuangazasarsmuan
msiulanmeluduity wazsigaanansznuaIngs
muQNmstﬁu‘[mﬁﬁuﬁﬂﬁ%’umnifumauﬁauwﬁw X
mMstnziaeatiiatiiofimeddananssiinflaldiams

4

L?iuLﬁﬂjﬁ’i&ﬁ’h&ﬂﬁ%’ﬂﬁﬂn“lmhwiwmswmaﬁuq
duislunaaanaasy (Chuengpanya et al., 2019;
2022; Lo-Apirukkul ef al., 2012) HANSANEILAD
L%ﬂwﬁuﬁwummiﬁqLﬂiwﬁgm MS P laitdnans
muanmMsiulaasu 4 v wuheamssannzy
Lwiasgmﬂﬁwamim‘%mﬂmﬂamLLa:'im"lmJ'Lﬁumﬂ%u

PINWANIIUIUYIDAINENNUDIIDANTDIINLAND

uanannululuamsudazges Tasdwveaaln

anugeeaa i unnlnl wasanuemnluin
gqﬁqm‘luﬁv'q 15 4ANINAABY WUINBIMNITFUATIEN
gas MS il BA Wy 10, 4, 6 uaz 2 lulasTuand
MNEIGTU MFanuInsadyreaauazsinla
anauiiaasuulasenuduiueas BA Tlanszeu
shedu viawdsululd mT wamsnesasiidudatd
Nlglnlafiusnunsodinansenuaamsiasareauis
Tafuszaznaminmenaadnls sedaandatums
tWnziaeaia il e daunaiiainunansnaand
Tuvhuaa@ean (Chuengpanya et al., 2019; 2022)
Fatumsinsendanliriouazenududuredleln
Tafiul¥mainzanszuiemsimnzidsaiia e findadiu
Sehdayahaiia

HAMSNAFBINEBAN 12 §UeW wud BA ke
TARansasayuasaaauazsn Iuizasauudineyail
dn mT maluszduanudududsfunisiiszau
M5 Fadelunnnenumsinzdeaiiaéaity
wanesiiaiwuin mT Heliulumsiiagaauazsin
Tndla (Behera et al., 2019; Elayaraja et al., 2019;
Erisen et al., 202 0; Khanam et al., 20 2 0; Kumari
etal, 2017) Taanaluuds il mT gndosaaly
szannselileinlaiiuiioangndmeiimu (free base
cytokinin) Tudsun mﬁgq 137 BA (Abdouli et al.,
2022) BnManAnAinaNAIgNEaEaAIBYBY mT



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 2 [2023]: 248222

A8 O-glucosides %ﬁgﬂtﬂ?iﬂutﬂulﬁ‘[mlﬂﬁuﬁaaﬂqwﬁ(
1a@n31 9-glucosides ﬁtﬂuwﬁmﬁmﬂwé’nwé’qgﬂﬂaﬂ
do182ua9 BA (Bairu et al., 201 1; Werbrouck er al.,
1996) Yananil mT fafldrugrevhlvsnaues
AaplsWad (Aremuetal, 2012) WALBANIINIG
é’mmw:ﬁé’mua«ﬁuqq%u (Catsky et al., 1996) M8l
m@;maﬁﬁ 971 mT fquantfdensdmiliiiae
ganlwailddnin BA il msfi mT theanvdadasiy
é’nwmsﬁlsjﬁqﬂizmﬁ"ss‘vnfwmswmﬂﬁuﬁ:ﬁﬁlﬁﬁniw
BA dulsznauaianisusulganisaansinln
(Behera et al., 2019) aﬂmsmﬂwmtﬁmﬁ'aﬂmﬂﬂaﬂ
(Teixeira da Silva et al., 2020) LLa::aﬂﬂ'l'i«’jTLil’]
(Abdouli et al., 2022) 2uYUWIE mT Lf;agﬂi'lail
danauarziivuSinaaslslnlaiuluduizlaasiu
(whole plant total cytokinin pool) W@ laTnladiudils
aamwémﬁamw (inactive cytokinin) 31WIN N-
glucosides (31 7- 39 9-glucosides 7NN BA 11
(Abdouliet et al., 2022; Bairu et al., 2011) ¥ 1%
ToTnlafiuandreluiiaid svasduitalimnauauly
audirdeldfignmisieseauazanansorsulamuund
atalsionu Waudasylladanwazmenugnisuuas
flanuauisalumsnudegndueslyinlaiud
uanenay msit mT SadlulaTnlafiuiiaongniuss
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utssuuaimaailianunsanuasannzainanla
"'i'%qmmLﬂuﬁuwmlﬁiwlﬂﬁuluLf'zal,?'laﬁwﬁgjqLﬁulﬂ
srfinadudaniaszanmsiinetenslui (George et
al., 2008) wasiinatdufiunaaainsle (Carimi et
al., 2003) HAMSANMUFENARBIRUITIENUMNS
wnzdeaiiad afawaneriiefinuiimsly BA aunse
Fninlriaedersluiladninaslglalnlatiu
f]VléLLi\i (%% 2iP (Sharmin et al., 2013) %38 TDZ
(Chuengpanya et al., 2022)
nnsiithnlusesduiinlunasanaassiinis
v‘iwmuazgﬂ%wﬁﬂﬂﬂnalﬂmnamwmsumﬁ
iiasnmsimnzideaiiadafisfuannzianudy
a9 Usznaufuanuduuaadildszuiamsiniziass
o fluanuduiisnanusananiod Gy
msUSusmuduiitaliannsasentinlanasan
ﬁwmaaﬂﬂQnuaﬂwaamwﬂaaﬁ\aLﬂuﬁqﬁwﬁm
(Chandra et al., 2010) msﬁnmﬁﬁmququwwzﬁwﬁ
Ugndundimaadildnamamsidsuilaidade
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ilvanadastuwamsaanignludu C. candida iwuh
FUNFNNUABEFNTDIM T AN T80 TIN aa
aaﬂﬂgﬂﬁumﬂsmﬁu (Chuengpanya et al., 2019)
Togonadumnzansamuaumsiiulavesiizaninse
FINBNSENUADNTIIIUAE MW B BLE D
SB89 (vascular tissue) UarMSEaNGRUYDILDLED
Fae9senINdIueaauwarIInle (Roberts et al.,
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