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Abstract

Studies to understand the diversity of insect and spider species related to rice
cultivation and determine their ecological guilds can provide information concerning the
composition and structure of such ecosystems, which can be applied to integrated pest
management. Herein, the purpose of this current survey was to monitor the community
structure of beneficial and harmful arthropod including insects and spiders which inhabit rice
paddy fields. Six major locations of rice-growing areas were selected in lower northern
Thailand, including Nakhon Sawan, Phetchabun, Phichit, Phitsanulok, Sukhothai and Uttaradit
provinces. In each survey site, six sampling plots of paddy field were chosen and insects and
spiders were caught using sweeping nets at 20 times/sampling plot during 2017-2019. All
samples were identified based on morphology. A total of 6,459 individuals of insects and
spiders were collected, representing 102 species in 69 families and 11 orders. The rice paddies
of Phitsanulok showed the highest species richness (73 species). In this regard, the species
diversity (4 for all insects and spiders of all rice-growing areas was considered relatively high
(3.038). Meanwhile, the Evenness (J*) and Simpson index (1-D) in all rice paddies from the

pooled data set out in this survey were 0.765 and 0.919, respectively. Phichit ) #” = 3.234(

showed the highest species diversity index, whereas Phetchabun and Sukhothai ) #”= 2.895(
had the lowest levels of diversity. Significant differences in species diversity indeces of six rice-
growing sites were detected (P < 0.05) in all comparisons. The insect order of Coleoptera had
the highest recorded number of species (21 species or 20.59%). It was found that the insect
pests namely, Edwardsiama hergmanni (F. Cicadellidae), Dyscinetus morator (F. Scarabaeidae)
and Niaparvata lugens (F. Delphacidae) were the dominant species. Meanwhile, Micraspis
discolor (F. Coccinellidae), Agriocnemis pygmaea (F. Coenagrionidae) Oxyopes javanus (F.
Oxyopidae), T7emelucha philippinensis (F. Ichneumonidae), Tropobracon schoenobii (F.
Braconidae) and Goniozus nr. triangulifer (F. Bethylidae) were mainly exhibited as natural
enemies. Additionally, the distribution of insects and spiders was aggregated for all rice-
planting areas, as indicated by the values of variance to mean ratio (S*/x ) and the index of
aggregation (/0). This pattern could result in increase the efficiency of natural enemies for
controlling those arthropod pests.

Keywords: Species composition, rice pests, natural enemies, rice ecosystem
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Introduction

In terms of numbers and the diversity of species, arthropods are the most biologically
successful group of animals (Triplehorn and Johnson, 2005). Almost three-quarters of all
described animal species are insects and spiders (Borror et al., 1989; Gullan and Cranston,
2004; Triplehorn and Johnson, 2005). Their numbers far exceed all other terrestrial animal
species, and are found in almost every terrestrial habitat on the Earth’s surface. They have
diversified to fill almost every environmental niche imaginable (Putman, 1983; Gullan and
Cranston, 1994), making them one of the most crucial components of most terrestrial
ecosystems. In agroecosystems, biodiversity performs a variety of ecological services beyond
the production of food, including recycling of nutrients, regulation of microclimate and local
hydrological processes, suppression of undesirable organisms and detoxification of noxious
chemicals (Scherr and McNeely 2008; Fritz et al., 2011; Ane and Hussain, 2015). Likewise, the
rice field agroecosystem is able to serve as a repository for the benefical arthropods and
harmful pests in rice paddy during all phases of rice growth (vegetative, reproductive and
ripening) (Siregar et al., 2017).

Rice (Oryza sativa L.) is a staple cereal that nurtures the lives of the Thai people and of
more than half the world’s population. In economic terms, rice is a commodity ensuring
prosperity and food security. In agriculture, rice is the second most cultivared cereal in the
world, after wheat and more than 90% of the world’s production is consumed in Asia.
Nonetheless, to date, the total planting areas and rice production in Thailand has been
declining overtime. The rice fields are considered as temporary humid areas characterized by
rapid physical, chemical and biological alterations and they host a rich biodiversity especially of
arthropods. In rice field ecosystems arthropods are found in an intermediary position in the
food-chain and include herbivores, saprophytes, parasites and the predators of other animals.
Subsequently they themselves are consumed as food by other predators, parasitoids and
parasites (Siregar et al., 2017). Over 800 species of insects are able to damage the rice plant in
several ways, although the majority of them caused minor damage (Pathak, 1968; 1970; Pathak
and Khan, 1994; Way and Heong, 1994). Rice cultivation is a rapid changing ecosystem due to
the change of activities during plantation. These activities affect the pest population and also
the abundance of their natural enemies in the rice field (Tsutsui et al., 2018; Jauharlina et al.,
2019). Some of the insect pests that are known to harm the rice plantation are brown plant
hopper Nilaparvata lugens (Stdl), rice shoot fly Atherigona oryzae (Malloch), white grub,
Leucopholis rorida (Fabr.), white stem borer Scirpophaga innotata (Walker), and rice bug
Leptocorisa oratorius (Thunberg) (Thorburn, 2015). As a result of heavy insect pressure, the
control of rice pests has relied heavily on insecticides (Magallona, 1989). Nontheless, overuse
and misuse of these insecticides have led to increasing problems of insecticide resistance,
resurgence of pests and introduction of new pests, as well as beneficial insects’ destruction
(Pathak and Khan, 1994).

Natural control of insect pests is one of the strategies of the integrated pest
management concept (IPM), which has been widely adopted in Thailand since the early 1970s
(Wright et al., 2005). It has played a vital role in controlling most potential rice pests (Jervis,
and Kidd, 1996). Several species of insect pests and natural enemies (predators & parasites)
have been surveyed and reported in Thailand (Jairin et al., 2001; Wongsiri and Kovitvadhi,
1967; Wongsiri et al., 1981). Species diversity concerning abundance and species richness is a
quantitative parameter of community structure (Magurran, 1988; May, 1975). Understanding of
the species present and their role in the ecosystem could be significant in deciding whether or
not to apply pesticides (van Emden and Williams, 1974). In general, species diversity and
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complexity of association among species are important to the stability of the community. In
view of the changing cultural practices the pest and natural enemy population dynamics needs
closely monitoring for suitable amendments in rice IPM strategies. Information on distribution
patterns of insect pests is used for data analysis to determine appropriate sampling plans and
sample size, and to construct sequential sampling programs. Reliable sampling plans are
necessary for periodic screening of pest-population densities where timely pest management
decisions are essential (Kuno, 1991). Because the number of samples could vary with the
distribution pattern of the pest, it is significant to determine the distribution pattern of rice key
pests for specific areas and different seasons (Southwood, 1978). The data acquired are still
insufficient to form a foundation and for developing an effective integrated pest management
system in Thailand. The purpose of this current study was to determine species composition,
together with determining the distribution pattern of arthropods (insects and spiders) that act
as pests, predators, parasites or others in an organic rice paddy field.

Materials and methods

The experimental areas are located in the rice paddies of six major locations of lower
Northern Thailand including Nakhonsawan, Phetchabun, Phichit, Phitsanulok, Sukhothai and
Uttaradit provinces, respectively (Figure 1).
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Figure 1 Map showing collection localities of insects and spiders inhabiting rice paddies in
lower Northern Thailand, consisting of 1) Nakhonsawan, 2) Phetchabun, 3) Phichit, 4)
Phitsanulok, 5) Sukhothai and 6) Uttaradit provinces.

The Khao Dawk Mali 105, a rice variety/line, was cultivated by farmers whose

permission was sought to use as sample sites in this study. Samplings were conducted for each
site across three years (2017-2019). Six plots were randomly sampled each having an area of
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+1 hm? (100 m x 100 m each). Rice insect pests and natural enemies, predators and
parasites, were gathered from each plot in the rice paddy during flowering stage. Airborne
samples were collected using sweeping nets at 20 times/sampling surveyed spot. The surveyed
line in each rice plot was walked as a diagonal. In addition to airborne samples, aquatic
samples were also gathered from the water edge, surface and below the surface up to 30 cm.
All insects and spiders collected were preserved in 95% alcohol. Afterwards, all samples were
sorted and identified morphologically using the following references: Pathak and Khan (1994),
Maloney et al. (2003), Rouyaree (2001) and Shepard et al. (1987).

For analysis of the insects and spiders, the assemblage data from rice paddies were
gathered from six localities. All assemblage parameters (i.e. species richness, diversity) in this
study were computed based on the average density of each arthropod species in each locality.
The Shannon diversity index (A was computed to measure diversity within a locality

(Shannon, 1948) using the formula H':_Z piln pi where s is number of species and Pi is the
i=1

proportion of the total sample belonging to i species. The diversity index criteria are as
follows: H’less than or equal to 1 (H”< 1) means low diversity; H’greater than 1 and less than
or equal to 3 (1 < H’< 3) means moderate diversity; and AH’greater than or equal to 3 (H” =
3) means high diversity, respectively. Pielou’s evenness index (J) was used to quantify
differences in relative abundance using the formula J’ = H’/In S, where S is the number of
species (Ludwig & Reynolds, 1988). The evenness index (J') is categorized as follows: J' less
than or equal to 0.05 (0.00 < J' £ 0.50) indicates a depressed community; J' higher than 0.05
but less than or equal to 0.75 (0.50 < J' £ 0.75) indicates an unstable community; and J’
higher than 0.75 but less than or equal to 1.00 (0.75 < J° < 1.00) indicates a stable
community, respectively. The Simpson diversity index (1-D) was also employed to measure the
community diversity (Simpson, 1949) using the fourmula D = 1 — [Z n(n-1)]/[ N(N-1)], where
n is the number of individuals displaying one trait and N = the total number of all individuals.
Index values (1-D) range from 0 - 1 by the following categories: the value less than 0.05 (0.00
< 1-D < 0.50) shows low dominance; the value higher than 0.05 but less than or equal to 0.75
(0.50< 1-D < 0.75) shows moderate dominance; and the value higher than 0.75 but less than
or equal to 1.00 (0.75< 1-D < 1.00) shows high dominance, respectively. For species
composition or relative abundance of different arthropods found, the similarity in species
composition among the flowering stage of rice was determined by a cluster analysis with
Sgrensen distance measurement (Bray and Curtis, 1957; Sgrensen, 1948). The distribution
pattern of arthropods was statistically classified by calculating the Variance—to—mean ratio
(S%/ x ) and Morisita’s Index (J5) (Morisita, 1959; 1962). For the distribution pattern, the value
higher than 1.0 (> 1.0) shows the aggregated distribution; the value equal to 1.0 (= 1.0)
indicates the random distribution; and the value lower than 1.0 (< 1.0) means the regular
pattern of arthropods.

A pairwise t-test of Shannon diversity index (A4’ among different study sites of rice-
growing areas was compared using the SPSS program (IBM Corp., 2017). The cluster analysis
was carried out using PC-ORD 5.10 software (McCune and Mefford, 2006). A rarefaction model
was used to compare arthropod diversity among these stages of rice growth. The Rarefaction
Value and its 95% confidence interval were computed by EcoSim version 7.72 software (Gotelli
and Entsminger, 2004). Afterwards, the values of every survey area were plotted as a function
of sampling effort. With this plot, significant difference in species diversity is indicated by an
absence of overlap in the confidence interval of rarefaction curves among eight different rice
growth stages at maximum sampling effort (Colwell et al., 2004)
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Results and discussion

From the rice paddies during the flowering stage in all six rice-planting areas over three
years of surveys (2017-2019), a total of 6,459 individual rice pests and their natural enemies
from 69 families (11 orders) were sorted from 36 sampling plots. The diversity and abundance
of arthropod fauna varied in the paddy ecosystem as well as the growth stages of the paddy
cultivation (Siregar et al., 2017). As results, of all the rice paddy-utilizing insects and spiders
found, approximately 20.59% (21 out of 102 species) were Coleoptera, followed by Hemiptera
(18 species), Diptera (17 species), Hymenoptera (15 species), Lepidoptera (14 species),
Araneae (6 species), Orthoptera (5 species), Odonata (3 species) and the insect orders of
Blattodea, Ephemeroptera and Thysanoptera held the lowest recored species (only one species
each), respectively (Figure 2).

Thysanoptera O Families

1
Orthoptera | 3 S [ Species
Odonata Z-
Lepidoptera [0 [
Hymenoptera 10 IS
Hemiptera [ 10 [EES T
1

Ephemeroptera

Insect orders

Diptera 3

1 TR
Coleoptera | 11 IS

i

_ o [T

Blattodea

Araneae

0 10 20 30 40
No. of insect families/species

Figure 2 Taxonomic diversity of families and species of insects and spiders in rice field
ecosysterms in lower northern Thailand using the sweeping technique.

The total number of insect and spider species in each study site, from the highest to
the lowest, was as follows: 73 species in Phitsanulok; 67 species in Nakhonsawan; 62 species in
Uttaradit; 59 species in Phichit; 56 species in Phetchabun and 52 species in Sukhothai (Table
1). These findings correspond to Sorapongpaisal et al. (2011) who carried out research
regarding species diversity of rice insect pests and natural enemies in an organic rice paddy
field at Environmental Entomology Reseach and Development Center, Kasetsart University,
Kampaengsaen Campus, Nakhon Pathom province. It was found that 52 species of insects and
spiders comprising 20 species of insect pests, 25 speices of insect natural enemies and 7
species of spiders were encounted. In this case, Micraspis discolor from the family Coccinellidae
(O. Coleoptera) showed the highest number of individuals for the entire surveys, probably due
to the high adaptive capacity of this lady beetle. It was revealed that the longevity of the M.
discolor varied from 35 to 53 days with an average of 40.20 + 1.00 days and 47.50 + 0.82
days in male and female beetles, respectively (Chowdhury et al., 2008). During its lifespan, M.

-5-
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discolor predated on rice insect pests such the brown planthopper (BPH), Nilaparvata lugens at
the various rice stage of its development (Rouyaree, 2001; Sorapongpaisal et al., 2011), but it
was most predominant at the active tillering or flowering stage of the paddy plants.

Table 1 Insect and spider diversity in different study sites.

Ecological indices

Study sites

S H' Hmax E 1-D
Nakhonsawan 67 3.110 4.205 0.740 0.935
Phetchabun 56 2.895 3.497 0.877 0.897
Phichit 59 3.234 4.078 0.793 0.940
Phitsanulok 73 3.055 4.290 0.712 0.919
Sukhothai 52 2.895 3.951 0.733 0.911
Uttaradit 62 3.040 4,127 0.737 0.911
Overall 102 3.677 4.625 0.795 0.945

Note: S = Number of species; H#” = Shannon Wiener Index of diversity; Hmax = InS; E =
Evenness (H'/Hmax); 1-D = Simpson's diversity index

Apart from its longevity, M. discolor is more adaptive than any other insects because
some factors such temperature might be influenced by its age-specific fecundity. Reprodution is
a vital factor governing its ability to successfully invade new habitats (Omkar and Pervez, 2000;
2002). The age-specific fecundity is the most overlooked aspect of reproduction in ladybeetles,
although female age plays a crucial role in progeny production and influences reproductive
vigour (Jalali et al., 1999). Herein, the influence of temperature on age-specific fecundity of M.
discolor was determined. It was revealed that the oviposition peak tended to shift towards
younger females and the oviposition rate rose with increase in temperature from 20 °C to 27 °C
(Omkar and Pervez, 2002). In the paddy fields observed in lower northern Thailand, the M.
discolor collection contained as many as 1,068 individuals, or (16.535%) among insects and
spiders collected. From these results, M. discolor could be improved in agricultural ecosystems
to achieve biological control of pests.

Moreover, the three most common arthropod groups (Relative Abundance; RA) are 1)
pests including Edwardsiama hergmanni (O. Hemiptera: F. Cicadellidae) (4.149%), Dyscinetus
morator (O. Coleoptera: F. Scarabaeidae) (2.013%) and Niaparvata lugens (O.Hemiptera: F.
Delphacidae) (1.858%), 2) predators including Micraspis discolor (O. Coleoptera Coccinellidae)
(16.535%), Agriocnemis pygmaea (O. Odonata: F. Coenagrionidae) (4.443%) and Oxyopes
javanus (0. Araneae: F. Oxyopidae) (5.032%) and 3) parasites including 7emelucha
philippinensis (0. Hymenoptera: F. Ichneumonidae) (0.897%), Tropobracon schoenobii (O.
Hymenoptera: F. Braconidae) (0.712%) and Goniozus nr. triangulifer (O. Hymenoptera: F.
Bethylidae) (0.650%), respectively. On the other hand, it is quite different from the relative
abundance of insect and spider species on Boro rice ranked as ladybird beetle
(45.85%)>damselfly (12.95%)> ant (9.46%)> wolf spider (8.24%)> jumping spider (4.90%)>
ground beetle (4.36%)> wasp (4.22%)> tachinid fly (3.63%)> lynx spider (2.76%)> carabid
beetle (2.18%)> mirid bug (1.40%); whereas in Aman rice it was ranked as ladybird beetle
(39.30%)> damselfly (16.72%)> longjawed spider (14.85%)> dipteran fly (7.07%)> jumping
spider (6.70%)> lynx spider (4.71%)> ant (3.91%)> wasp (3.80%)>carabid beetle (2.89%).
Surprisingly, of all 11 beneficial insect and spider species, 8 species were benefical insects,
whereas 3 species were mite species (Rahman et al., 2017). In actual fact, ninety nine species
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of parasites and 88 species of predators of rice insect pests have so far been discovered in
Bangladesh (Wahiduzzaman, 1993). In this case, because rice fields are strictly monoculture
with less diverse ecosystem consequently the diversity of beneficial insect and spider under
different orders was relatively low (Rahman et al., 2017).

In general, twenty out of 70 rice insect species are considered as pests in the rice
paddy fields of Thailand (Jaroenpol, 2008). Furthermore, over 800 species of insect in rice fields
have been reported worldwide (Ane and Hussain, 2015). Of these, about 100 species attack
rice and the rest are benefical insects (Pathak, 1970). However, with more than 100 predactory
and parasitic insect species —natural enemies- in the rice field, only 5-6 insect pests were
found. This indicated that the ability of natural enemies to suppress insect pests to be under
the economic threshold level (ETL) or economic injury level (EIL) in the organic rice paddy field
(Jaroenpol, 2008).

Insect and spider (alpha) diversity is also shown in Table 1. The Shannon-Wiener index
(H") for all insects and spiders of all sampling rice plots obtained by calculating the pooled data
set of this study was considered relatively high (3.677), with high evenness (E = 0.795), and
dominance by the Simpson index was high for all samplings (1-D = 0.945). A’values in each
study sites ranged from 2.859 to 3.234. The highest index (#) was in Phitchit (#’= 3.324),
following by Nakhonsawan (A4’ = 3.110), Phitsanulok (~#’= 3.055), Uttaradit (#”= 3.040); and
Phetcahbun and Sukhothai (H#”= 2.895), respectively. A set of individual t-tests of index values
(H) among the five different locations of rice-growing areas was compared. Results of the
comparison in each set of H’values were significantly different (P < 0.05) (Table 2).

Table 2 Grouped comparision of differences of species diversity indices (H") obtained from rice-
growing areas, using the pairwise ftest.

Paires t df Sig.
Na-Phet -3.014 122.994 0.005*
Na-Phic 1.913 118.041 0.004*
Na-Phit -0.9163 102.882 0.004*
Na-Su -3.286 115.308 0.004*
Na-Utt -1.001 127.632 0.005*
Phet-Phic 5.556 107.748 0.004*
Phet-Phit 2.880 92.844 0.003*
Phet-Su 0.001 104.746 0.004*
Phet-Utt -3.272 117.817 0.004*
Phic-Phit -3.7991 114.238 0.002*
Phic-Su -6.278 110.215 0.003*
Phic-Utt -0.282 105.045 0.003*
Phit-Su -3.351 101.581 0.002*
Phit-Utt 2.421 113.253 0.004*
Su-Utt 2.421 113.253 0.004*

Note: Na = Nakhonsawan; Phet = Phetchabun; Phic = Phichit; Phit = Phitsanulok; Su =
Sukhothai and Utt = Uttaradit
* = Significant difference (p < 0.05) and ns = not significantly different.

Differences in the arthropod (insect and spider) communities were evaluated according

to the Bray-Curtis similarity (Figure 3) from qualitative-quantitative point of view. Hierarchical
classification divided the arthropod communities into two groups. First group represented the
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arthropod communities at Nakhonsawan and Phetchabun. The arthropods in Phichit (with a
high dominance (%RA) of Prodiplosis longifila (Diptera: Cecidomyiidae) (12.619%),
Limnogonus nitidus (Hemipetra: Gerridae) (12.024%) and Agriocnemis pygmaea (Odonata:
Agrionidae) (8.929%) joined these two communities. The insect and spider communities of
Phitsanulok, Uttaradit and Sukhothai represented the second group. It was found that the two
surveyed sites in Phitsanulok and Uttaradit formed a sister group in which the communities of
arthropod species were more similar to each other than those found at the various other sites.
Chaoborus astictopus (Diptera: Culicidae) eudominated in the arthropod communities at
Phitsanulok and Uttaradit. Meanwhile, Chaoborus astictopus (Diptera: Culicidae) (19.303%),
Agriocnemis pygmaea (Odonata: Agrionidae) (11.64 2 %) and Prodiplosis longifila (Diptera:
Cecidomyiidae) (11.045 %), demonstrated as a predominace in the arthropod communites at
Sukhothai.

Distance (Objective Function)

3.3E-03 1.1E-01 2.1E-01 3.2E-01 4.3E-01

Information Remaining (%0)

100 75 50 25 0

Nakhonsawan =
Phichit ——— 1
Phetchabun |
Phitsanulok
Uttaradit
Sukhothai

Figure 3 Dendrogram of the communities of insects and spiders in the various sites of rice-
growing areas, obtained by cluster analysis.
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Figure 4 Species richness in the different localities of rice-growing areas by rarefaction curve
with £ 95% confidence intervals shown as dotted lines.
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Additionally, the accumulation curves (observed and expected) in the several localities
of rice paddy (Figure 4) exhibited a divergence between 95% confidence interval of these
curves, with the curve gradually increasing when the survey ended. However, no such species-
accumulation curve illustrated reaching an asymptote when all survey sites were pooled. Some
beneficial insect and spider species are awaiting discovery. To obtain more arthropod fauna or
the occurrence of them in the rice paddy during all stages of rice growth, i.e. seedling, tillering
and heading should be further initiated. Additionally, numerous subplots or different
techniques, namely sweep net, malaise trap or light trap should also be considered for rice
arthropod sampling.

Table 3 Evaluation of spatial distribution pattern of insects and spiders for rice paddy field
ecosystem in different locality.

Localities Variance to mean ratio Morisita’s Index Distribution
(S?%/x) () pattern
Nakhonsawan 17.62 1.61 Clumped
Phetchabun 30.43 1.70 Clumped
Phichit 17.18 1.73 Clumped
Phitsanulok 22.31 4.67 Clumped
Sukhothai 19.67 2.14 Clumped
Uttaradit 31.02 1.93 Clumped
Total 268.02 5.18 Clumped

For the spatial distribution pattern of insects and spiders, the distribution indices --
Variance-to-mean ratio (S%/ x ) and Morisita’s Index (Z9) -- held significantly greater than 1.0 for
all sites, indicating clumped distribution (Table 3). Most rice arthropods were exhibited an
aggregated pattern of dispersal. This result was similar to the report of Poolprasert and
Jongitvimol (2014) which recorded that all rice insect populations on the paddy plants at
different phases of its development displayed clumped or aggregated distributions. This pattern
might be caused by several factors such as intrinsic behavior of the individuals, response to the
food and habitat resources distribution, level of water and hill density of the rice paddy field
(Gogoi and Bora, 2012). In addition, a resource concentration in some areas has been
proposed as the general cause of assemblage of most living things (Ricklefs and Miller, 2000;
van Emden and Williams, 1974).

Conclusion

The current results indicated that such biodiversity parameters as richness, abundance,
diversity and composition of these beneficial insect and spider and harmful pest communities
differred among different localities of rice-growing zones. This might be caused from rice paddy
management or other physical factors. However, all indices exhibited relatively high values in
the rice field ecosystem in lower northern Thailand. Indicating that the rice ecosystem could be
utilized as a great reservoir of beneficial insect and mite species and therefore it would foster a
natural biological control process in rice-based agroecosystems throughtout Thailand, especially
in the lower northern region. The overall spatial distribution form of insects and spiders
observed in this study mainly showed an aggregated distribution pattern. Subconsequently, this
pattern is able to enrich the efficiency of natural enemies for controlling those rice arthropod
pests. In addition, the use of a sampling strategy that incorporates spatial distribution would be
beneficial to provide the essential information for the development of an appropriate sampling
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plan and an optimum sample size for rice integrated pest management (IPM). It would also
reduce the cost of pest management strategies, together with decreasing the toxicity risk from
synthetic insecticide application.
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Abstract

Information technology (IT) risk management plays an important role in controlling
security and building confidence in using IT system services. Many organizations have focused
on risk management for IT security. In this study the committee of sponsoring organizations of
the treadway commission (COSO) enterprise risk management (ERM) was used in risk
management by identifying risk factors in accordance with the requirements of COBIT 5 areas
that need to be controlled. In addition, 2 experiments were conducted with 3 government
organizations and 3 business organizations in order to evaluate the performance of IT security
control. The first experiment identified the risk levels with risk assessment, which provided the
risk levels that need risk response in accordance with COBIT 5 framework implementation life
cycle. From the second experiment, it was found that the risk management using all 7 phases
of the COBIT 5 implementation life cycle decreased the risk levels for both government and
business organizations. However, moderate and low risk levels were still observed which need
to be managed in order to keep them at a very low level. In addition, it was found that the
risks of government and Business organizations were different, which was a result of
differences in obstacles and the context of the problems encountered in risk management. The
findings of this study provide the guidelines for developing a framework for IT risk
management in the future.

Keywords: IT Risk Management, COSO-ERM, COBIT 5 framework

Introduction

In a globalized world, business competition due to both domestic and international
factors affects the changes and drives the workflow of both government and business
organizations. In order to speed up the operations of the organizations, reduce workloads and
increase operational performance (Tangprasert, 2019), IT systems have been used for data
storage, communication, operations including providing services to outsiders. In addition to the
benefits, on the other hand, there are many risks (Prasetyo & Sucahyo, 2014) affecting the
operations, information, and services of the organization. In order to gain confidence and
acceptance of IT services, it is necessary to manage the risks (Wijanarka, 2014), such as risks
from human error, employee compliance violation, losing important data and IT system
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disruption and so on. The risks mentioned above negatively affect the image and also
result in loss of budget and

business opportunity. This study therefore adopted the COSO-ERM (COSO, 2004) principle to
define the risk criteria for risk assessment and risk response. This research applied COBIT 5
areas for determining guidelines and topics in risk assessment (Su & Zhao, 2011) which is
applicable and consistent with information technology risk management of both government
and Business organizations (Khrisna & Harlili, 2014). This research has been experimental with
3 government organizations and 3 Business organizations with experimental twice. The 1%
experimental for risk assessment of information technology in accordance with the framework
of COBIT 5 areas. After the organization was reported the risk of information technology and
risk management in accordance with the principles of risk response, then performed the 2™
experimental to assess the result of risk change. The aim of this study to determine the
valuation of issues, effects and solutions to be a guideline for indicating the conclusions from
this research to continue developing the technology risk prevention framework for government
and Business organizations.

IT risk management

IT risk management is a risk management process that involves the use of IT systems
to identify threats, find the guidelines for preventing the impact of system errors, data
retention, and securing and getting the organization ready to deal with the problems all the
time whether it is hardware, software, or data problems (Tangprasert, 2019). These problems
are related to personnel at all levels in the organization, from operators, managers to top
executives. Everyone must be involved in the organization's operations to ensure standardized
processes in order to achieve work performance and the objectives of the organization (Foley,
2009). The important risk management principles of COSO-ERM (COSO, 2004) are as follows
(Fang, 2005):

Risk identification

Risk identification or event identification is a process of identifying events in which the
organization considered that they may hold potential risks (Islam & Dong, 2008) and may affect
the strategic plans and work processes and cause damage to the organization. In risk
identification, both external risk factors (Zhu etal., 2012) such as technological changes,
competitive conditions, customers, trading partners, economic conditions, inflation, politics and
law and internal risk factors such as management policies, employee performance, work
processes and IT systems used must be analyzed.

Risk assessment

Risk assessment or risk analysis is an assessment or analysis of the likelihood and
impact of the potential events in the organization's operations. Each event affects the
organization at a different level and with a different probability of occurrence (Roberts, 2017).
Therefore, the risk matrix consists of 2 dimensions (Xiaosong etal., 2009). Dimension 1 is
likelihood which considers the probability level of occurrence. Dimension 2 is impact which
involves an analysis of the Ivel of impact of an event. The risk matrix in this study is shown in
Figure 1.
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Figure 1. Risk Matrix

Dimension 1 Likelihood: level 1 = rare, the event has almost no chance of occurring
or the event likely to occur once in 1-2 years; level 2 = unlikely, the event can occur at some
time or likely to occur once in 6-12 months; level 3 = possible, the event might occur several
times or likely to once in 3-6 months, level 4 = likely, the event will probably occur on a
monthly basis and level 5 = very likely, the event is likely to occur on a daily or weekly basis.

Dimension 2 Impact: level 1 = negligible, very small damage, the impact may not be
observed, or affects or only results in unreasonable waste of resources; level 2 = minor, minor
damage causing slight delay in minutes in work or little budget damage; level 3 = moderate,
moderate damage causing 1-2 hour delay in work and damage to the budget at an extent that
need to be acknowledge or approved by the management; level 4 = major, critical damage
causing delays in work for more than 1-2 hours or a day or more or causing damage to the
budget at an extent that needed to be acknowledged or approved by the management, or the
organization loses business opportunities and potential benefits; level 5 = severe or
catastrophic, disaster, damage is very high causing system disruption for many days or
permanent disruption which is unable to continue or very difficult for recover.

From the risk matrix, the risk can be classified into 5 levels, consisting of 1 - 3 = very
low, 4 - 6 = low, 7 - 10 = moderate, 11 - 16 = high and 17 - 25 = extreme to provide a basis
for risk identification and further organization's risk response.

Risk response

In risk response and management, the actions that should be taken to manage the
risks are chosen according to the risk assessment results (Jing etal., 2014), considering the
level of risk occurring and the value of risk management to the risk tolerance level (Jung & Kim,
2015). There are 4 risk response strategies (Gonen, 2011) as follows:

1) Risk avoidance involves managing an extremely high-level risk that is
unacceptable and decision must be made in the operations, such as canceling the project or
activity, purchasing new materials as replacement and using other alternative processes and so
on.
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2) Risk sharing involves distributing or transferring the risk to others in order to share
responsibility.

3) Risk Reduction involves improving work systems or designing the new working
methods in order to reduce the chance of occurrence or the impact to an acceptable level of
the organization.

4) Risk acceptance involves accepting the risk because it is not worthwhile to
manage, control or prevent the risk, since it is likely to happen less and has little effect
(Dhukaram etal., 2011).

COBIT 5 areas

The Cobit 5 Framework is an internationally accepted guideline for control and IT
organization management to achive organization objectives that help enterprises optimum
value from IT management by balancing of risk and benefit to make the most of resource.
(ISACA, 2012) The benefit of Cobit 5 Framework are applicable to almost every organization
including government and business organization that different in process and business scale.

The COBIT 5 framework is the business framework for IT governance that aims to
supervise and manage the organization's IT systems and to reduce the potential risks of IT
Systems (Susanti & Sucahyo, 2016). It can facilitate the IT security management and increase
performance to maximize benefits (Wolden etal., 2015). The COBIT 5 framework defines the
scope of control with COBIT 5 areas as follows (ISACA, 2012):

Area 1 align, planning and organize (APO): Corporate planning and management
allows corporate executives to align IT and business strategies, encourages workers to gain
knowledge and understanding of IT risks and management strategies for potential IT risks in
the organization.

Area 2 build, acquire and implement (BAI): The provision and installation of IT
projects to be developed or implemented which can be used to solve problems or support the
operations of the organization on time according to the specified budget.

Area 3 deliver, service and support (DSS): Delivery and maintenance of the new
information system to be used so that they can work efficiently and meet the organization's
needs and to effectively control changes that may affect the operations of the organization.

Area 4 monitor, evaluate and assess (MEA): Monitoring of IT services can support
operations in accordance with the goals and mission of the organization so that IT systems can
be used in the operations of the organization for better performance and safety, including
confidentiality, integrity and availability.

Area 5 evaluate, direct and monitor (EDM): The evaluation of IT system
performance can detect potential problems before occurrence and can support the
organization’s mission. Control, compliance, and performance risks are monitored and reported
to the top executives.

All COBIT 5 areas allows the organization to assess their operations, supervision and
management of IT systems in order to identify the risks that need to be controlled to keep
them at the risk tolerance (Jung & Kim, 2015). This results in effective and safe use of IT
systems for the benefit of all stakeholders and organization (ISACA, 2012).

Experimental design

This study is an experimental research for assessing the risks of information security
management system in order to ensure the reliable and comprehensive survey results. The
tools used in this study included interview, observation and record to find facts according to
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predetermined objectives (Park et al., 2007). For the diversity of risk assessment and for the
purposes of comparison to find the guidelines for risk management, 6 organizations including 3
government organizations and 3 business organizations. To show the various the organization
culture and different processes in both of government and business including the number of
staff that effect the organization risk and problem solving. In addition, period of time and
budget are the important factors on risk management in the different employee scale that
selected in range 1) 100 people 2) 100-500 people 3) 500 people respectively from 1) office
level, 2) division level and 3) department level of ministry respectively. This study conducted
the same method in government and business organization namely 1) limited partnership, 2)
company limited (DBD, 2019) and 3) the public limited company (PLC) (SET, 2019)
respectively. They were selected in this study using purposive sampling. Interview and data
collection were performed with 5 people from each of these 6 organizations, a total of 30
people.

The sample consisted of personnel who were involved in the management and
supervision of IT systems at different levels such as chief information officer (CIO), IT
consultant, IT manager, system engineer, system administrator and IT support. Two
experiments were conducted, the fist experiment was conducted in the second quarter of 2018
and the second experiment was conducted in the second quarter of 2019. The experiments
were conducted using 3 methods: 1) interview, 2) observation and 3) survey based on
empirical evidence as an experimental framework for this study. Risk assessment was
conducted by 3 people; researcher, IT external auditor and IT manager of each organization.

The implementation life cycle (Youssfi etal., 2014)

In the first experiment, COBIT 5 areas were used for risk identification in order to cover
the scopes of COBIT 5 areas and risk assessment was also performed to determine risk level of
the organization and to manage the risk response using appropriate strategies. COBIT 5
implementation life cycle was used in order to apply the risk response strategies to control
existing risks. After completion of the first experiment, the second experiment was carried out
with the same experimental process as the first experiment. COBIT 5 implementation life cycle
consists of 7 phases (ISACA, 2012) as shown in Figure 2.

7.
Review
6. Realize\l
benefits
-~ 5 3.
Execute \ Define
plan \

\

‘-.! '

Figure 2. COBIT 5 framework implementation life cycle (ISACA, 2012)

-17 -



The Journal of Applied Science Vol. 19 No. 1: 13-24 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.01.002

Phase 1: The starting point for raising awareness and building a consensus in the
need to solve problems at both the management and the operator levels.

Phase 2: Defining the scope of operations as a framework for achieving organizational
goals and IT goals.

Phase 3: Setting targets for improvement, specify details that can be used as a
comprehensive and rapid solution to problems

Phase 4: Planning an integrated problem-solving process to put into action by defining
the projects that are in line with the organization’ business, as well as having backup plans for
dealing with changes.

Phase 5: The comprehensive resolution process after consideration is established as a
daily operation.

Phase 6: For sustainable operations, measures, evaluations and monitoring of
operations must be defined in accordance with the organization’ business.

Phase 7: Review of the overall success of the implementation initiative, specify the
supervision and management of IT systems that should be added and promoted for continuous
development.

The multiple iterations of the processes in this cycle will lead to effective IT governance
and management.

Experimental results

Risk assessment was conducted by 3 risk management experts without the personnel
of the organization in order to prevent prejudice and bias which might affect the assessment.
The average risk levels of each organization and the overall average risk levels across these 3
organizations were also determined using the results from all 3 experts. Risk assessment in the
first experiment provided the risk levels of each organization. The risk levels of these
organization were calculated by average risk from researcher, IT external auditor and IT
manager as shown in table 1.

Table 1. The risk assessment results in the first experiment

COBIT 5 Government organizations Business organizations

areas A B C X SD. Risk D E F X SD. Risk

1: APO 93 7.7 103 9.1 1.7 Moderate 15.7 15.7 20.3 17.2 3.1 Extreme

2. BAI 9.0 87 83 8.7 0.7 Moderate 20.0 23.3 20.3 21.2 3.8 Extreme

3. DSS 14.3 12.3 10.7 124 2.2 High 13.3 15.7 18.7 159 2.8 High

4. MEA 20.3 21.7 23.3 21.8 3.1 Extreme 93 93 9.0 9.2 2.5 Moderate

5. EDM 21.7 23.3 25.0 23.3 24 Extreme 14.3 12.3 15.7 141 2.4 High

According to the risk assessment in the first experiment, government and business
organizations had different risk levels in each area due to many factors and difference in
operating processes as follows:

Area 1 align, planning and organize (APO): The government organizations in this
study had distinct organization chart and IT master plan defining development plans, problem
prevention, or the use of IT systems over the long term of 3-5 years. However, they still lack
concrete implementation and there was no an annual IT action plan in accordance with such
long-term policy plan. In addition, there was an IT security plan which could identify the risks
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affecting IT systems but there was no business continuity management (BCM) operation to
prevent risks and to provide a framework for operations in case of system errors or disruptions.
In addition, it was found these organizations had no IT policies that specify rules, regulations,
including penalties for the use of IT systems, resulting in the moderate level of risk with an
average of 9.1. For business organizations, it was found that the risk level was higher than
to those of the government organizations because most of them had organization charts, but
they had not been updated, making it difficult to determine the chain of command and there
was no policy related to complete IT systems. In addition, the policies were not complete,
including the IT master plan, IT action plan, IT security plan, BCM and IT Policy, resulting in
the extreme level of risk with an average of 17.2.

Area 2 build, acquire and implement (BAI): According to the results, the
government organizations had drafted the terms of reference (TOR), procurement of IT
projects and specifications and installation procedures were clearly defined in the TOR.
However, budget requests and TOR assignments were often delayed and unable to keep up
with rapidly changing IT systems, resulting in the moderate level of risk with an average of 8.7.
As for the business organizations, the risk observed was a result of procurement due to unclear
specifications and some projects did not have an agreement covering the services of vendor. As
a result, the installation of IT Systems was not in line with the objectives, additional costs and
longer installation time than scheduled. This resulted in the extreme level of risk with an
average of 21.2.

Area 3 deliver, service and support (DSS): For the government organizations in
this study, the deliveries were inspected by the commission under the terms of the TOR,
making them met the specifications. However, personnel and budgets were inadequate to
maintain the system and the maintenance contracts for many systems expired and the contract
has not been renewed. This resulted in the high level of risk with an average of 12.4. However,
the opposite findings were observed for the business organizations. As there was no specific
delivery committee appointed, and there was no documentation for inspecting the
completeness of the delivery. However, with the use of this system, the person responsible for
monitoring, problem solving and maintenance were appointed so that IT Systems could meet
the operational needs of the organization. This resulted in the high level of risk with an average
of 15.9.

Area 4 monitor, evaluate and assess (MEA): 1t was found that in the government
organizations in this study, IT services were not monitored and evaluated. In addition, these
organizations used the file sharing system but there was no data classification policy specifying
the type and priority of the data etc. This resulted in an extreme level of risk with an average of
21.8. On the other hand, as for the business organizations, key performance indicators (KPI) or
objectives and key results (OKR) were defined for assessing the information services. However,
there was still a problem with data classification policy as the government organizations. This
resulted in the moderate level of risk with an average of 9.2.

Area 5 evaluate, direct and monitor (EDM): The government organizations in this
study did not periodically monitor the IT systems to ensure their availability. In addition, the
established IT security plan had not been used to control the risks in concrete, and there was
no BCM plan including business continuity plan (BCP) testing which led to lack of confidence
that the system will work when problems or errors actually occur. This resulted in the extreme
level of risk with an average of 2 3.3 . For private sector organizations, IT systems were
monitored regularly and there was also the preventive maintenance (PM). Risk management
and BCM were also the problems as government organizations. This resulted in the high level of
risk with an average of 14.1.
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The first risk assessment was performed with the real situation to show the problem
issue and risk in these organizations. Before assessment, baseline study was recored and
applied COBIT 5 areas as a guideline of IT software management. After the risk assessment in
the first experiment, the organization managed their risk response by selecting the appropriate
strategies in each area using the COBIT 5 implementation life cycle in order to apply such risk
response strategies in controlling the existing risks. After the completion of all operations, the
second experiment was conducted and the results by the risk levels of these organization were
calculated by average risk from researcher, IT external auditor and IT manager as shown in
table 2.

Table 2. The risk assessment results in the second experiment

COBIT 5 Government organization Business organization

areas A B C X S.D. Risk D E F X S.D. Risk

1: APO 43 23 23 3.0 12 Verylow 53 47 57 52 09 Low

2. BAI 23 23 27 24 1.2 Verylow 10.7 8.7 9.7 9.7 1.5 Moderate

3. DSS 57 7.7 43 59 1.7 Low 57 47 53 52 06 Low

4. MEA 7.7 93 11.3 94 1.8 Moderate 2.7 33 23 28 09 Verylow

5. EDM 83 6.7 7.7 7.6 17 Moderate 43 2.7 47 39 1.2 Low

Area 1 align, planning and organize (APO): For the government organizations,
the annual IT action plan was prepared and implemented in accordance with the IT master
plan. BCM was also implemented and IT policy was established. An average risk level of the
government organizations decreased by 3.0 and was at very low level. For the business
organizations, it was found that the organization chart was reviewed and updated and with
various IT policies. However, some policies were incomplete and did not comply with actual
operations. An average risk level of the business organizations decreased by 5.2 and was at a
low level.

Area 2 build, acquire and implement (BAI): For the government organizations,
after an annual IT action plan was established and in line with the IT master plan, each
organization could plan its budget requests and establish TOR in time. An average risk level of
the government organizations decreased by 2.4 and was at a very low level. For the business
organizations, it was found that the contract with the vendors was entered into but there was
still a clear specification as well as the output from the operation in accordance with the
organization's objectives. An average risk level of the business organizations decreased by 9.7
and was at a moderate level.

Area 3 deliver, service and support (DSS): For the government organizations, it
was found that the workload was assigned to the personnel for the maintenance of information
systems. However, it did not cover all existing systems. An average risk level decreased of the
government organizations by 5.9 and was at a low level. The business organizations defined
the clear delivery criteria and the inspection committees were assigned for the high-value
projects. An average risk level of the business organizations decreased by 5.2 and was at a low
level.

Area 4 monitor, evaluate and assess (MEA): The government organizations
defined the IT service assessment criteria and data classification policies. However, in the
implementation, the lack of cooperation from management and the lack of enforcement with
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the operators were observed. An average risk level of the government organizations decreased
by 9.4 and was at a moderate level. The similar results were observed for the business
organizations in this study. It was found that the business organizations defined the data
classification polity, but the management gave priority to this policy and instructed the operators
to strictly comply with the new policy. An average risk level of the business organizations
decreased by 2.8 and was at a very low level.

Area 5 Evaluate, Direct and Monitor (EDM): 1t was found that the government
organizations in this study assigned the person responsible for periodic system monitoring.
However, the lack of cooperation and implementation were observed in risk control according
to IT security plan and business continuity plan. An average risk level of the government
organizations decreased by 7.6 and was at a moderate level. The business organizations
monitored their IT system and risk prevention and BCM has been implemented but not yet
complete. An average risk level the business organizations decreased by 3.9 and was at a low
level.

Discussions and conclusions

From both experiments, before and after using COBIT 5 framework implementation life
cycle according to the requirements of the COBIT 5 framework in all 5 areas, the comparison of
risk assessment results between government and business organizations is shown in figure 3.

Comparison of risk assessment results between government and
Risk private organizations

25.0 233

20.0

15.0

10.0 +21

5.0 —

0.0 -
1: APO 2. BAI 3. DSS 4. MEA 5. EDM 1: APO 2. BAI 3. DSS 4. MEA 5. EDM

Government organizations Private organizations

Figure 3 the comparison of risk assessment results between government and
business organizations

The study of IT risk management in government and business organizations in Thailand

using COSO-ERM based on COBIT 5 framework showed that the use of COBIT 5
implementation life cycle in risk control reduced organizational risks. In the first experiment, the
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author observed that management and personnel in all 6 organizations recognized the
importance of IT risk management. However, they lacked knowledge and understanding of IT
system risk management in order to prevent the potential risks caused by errors or omissions
of IT governance and to enhance the organization’s business performance. After COBIT 5 areas
were used to determine the extent of control along with the risk assessment in the first
experiment, the government organizations showed a lower risk level in area 1 APO than that of
the business organization. This is because government policies require government
organizations to establish and prepare regulations, policies and plans, unlike business
organizations that do not focus on policies, resulting in an extreme level of risk. For area 2 BAI,
it was found that the government organization defined TOR with the qualifications and
delivery, while the business organization did not define a clear TOR and scope of IT system
development, resulting in an extreme level of risk and higher than that of the government
organization. For area 3 DSS, both government and business organizations showed a high
level of risk. The government organizations had IT delivery inspection, but the system
administrator was not assigned. While the business organization did not have IT delivery
inspection, but the system administrator was assigned. For area 4 MEA, it was found that IT
service in the government organizations was monitored and evaluated, however there was no
data classification police, resulting in an extreme level of risk. On the other hand, the business
organizations focused on evaluation of performance of personnel at all levels and IT service
with clear measures using KPI or OKR. For area 5 EDM, it was found that the government and
business organizations had different levels of risk. The government organizations showed
extreme level of risk because IT systems in these organization were not evaluated and there
was no periodic system monitoring. In addition, the BCM was not given priority and awareness.
While the business organizations gave priority to IT system monitoring and preventive
maintenance (PM) and took regular actions.

From the second experiment, it was found that, the risk management using all 7
phases of the COBIT 5 implementation life cycle decreased the risk levels of both government
and business organizations. However, it can be seen that there are still moderate and low levels
of risk that need to be managed and controlled. The risk tolerance of all these 6 organizations
should be at very low level for all areas or at low level for some areas. In this study, the
differences in problems encountered by the government organizations were observed. In the
initial stage of IT system development, the moderate level of risk was observed in area 1 APO
and area 2 BAIL. After the development of IT systems, there was no maintenance management,
raising awareness of cooperation in the inspection and audit and surveillance for potential
problems, resulting in an extreme level of risk in area 4 MEA and area 5 EDM. This is different
from the business organizations which encountered problems in the initial stage of IT system
procurement and development project. However, person in charge was assigned and the IT
system maintenance was performed periodically, as can be seen from the extreme risk levels in
area 1 APO and area 2 BAIL. At the completion of IT system development, the risk levels in area
3 DSS, area 4 MEA and area 5 EDM decreased. The related factors consist of personnel who
are ready to solve problems and sufficient time and budget for risk management. These 3
factors are very important factors allowing the organization to decide in risk response to keep
the level of risk at its risk tolerance.

From risk identification in risk management indicated the different of organization scale
has effected on the different risk management results which appeared on the cooperation and
risk management acceptance especially small organization could manage and solve easier than
large organization because of the good employee communication in a smaller group. The
benefit of organization after applied risk management brought IT security system in that
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organization. IT General Control was controlled by IT Governance who implement IT policy
especially the confidence of director staff and other institutions related IT problem and business
continuity management.

Future work

Risk assessment of government and business organizations reveals obstacles and
context of the problems encountered in risk management and also provides the guidelines for
developing the framework to be used in risk management in the future.
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Abstract

The aims of this paper have investigated the robustness of Cumulative Sum — Tukey's
chart (CUSUM-Tukey) to detecting process dispersion when the assumption of process
distribution has deviated from the normal distribution. The performance of control charts is
commonly measured by an out of control Average Run Length (ARL:) by given in control
Average Run Length (ARLo) = 370 and 500. The performance of CUSUM-Tukey is compared
with Tukey’s chart (Tukey) and Cumulative Sum control chart (CUSUM) where the best
performance of the control chart will give the minimum value of ARL:. The numerical results are
figured out by the Monte Carlo simulation method to approximate ARL which found that the
CUSUM-Tukey’s control chart is superior to Tukey and CUSUM control charts for all case studies
of distributions and all spans for calculating moving range.

Keywords: variation, nonparametric control chart, monitoring, Monte Carlo simulation.

Introduction

Statistical Process Control (SPC) is a collection of different technologies that help
differentiate between the common cause and the special cause of variation in the response of a
quality characteristic of interest in a process. One of the most effective techniques of SPC is the
control chart which can be separate the common causes of the special causes of variation. It is
used to monitor a changed parameter in process, such as scale, location and dispersion
parameter. Shewhart (1931) first introduced the concept to use a control chart to bring the
process back in a normal situation when it is out of control due to special cause variation. The
Shewhart control chart normally accommodates just the current sample information, therefore
they are sometimes called memoryless control charts. Similarly, Cumulative Sum (CUSUM)
control chart (Page, 1954) and Exponentially Weighted Moving Average (EWMA) control chart
(Roberts, 1959) are used to detect small to moderate shifts and also relax to normality
assumption of the population. The structure of these charts allows them to use the past
information along with current information which makes them namely memory or time-
weighted control charts. In 2004, Alemi applied the standard form of the diagram constructing
a control chart for individual observations with independent and identically distributed (i.i.d.)
called Tukey’s chart (Tukey). It is an effective alternative to the individual and moving range
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control chart (X-MR) for individual process monitoring when the data follow the skew
distributions and/or have some outliers.

The monitoring of the process output requires early detection of the shifts of
scale/location and dispersion parameters. To monitor those parameters, the stabilized
dispersion parameter would be preferred rather than the scale/location parameter, the reason
bring dependency on location structure on the dispersion parameter. Therefore, the dispersion
parameter is of more immediate concern in process monitoring (Montgomery, 2009).

For efficient monitoring of process dispersion, Torng and Lee (2008) calculated the ARL
values of the Tukey’s chart under several distributions. For a small sample, the Tukey’s chart
performed very well when compared with other control charts. Torng et al. (2009) presented
the economic design of the Tukey’s chart. Lee (2011) applied the asymmetrical control limit
(ACL) to the Tukey's chart. The ACL-Tukey's chart offered lower ARL values than the
symmetrical control chart (SCL-Tukey) for skewed distributions. Sukparungsee (2012)
evaluated the performance of Tukey’s chart which its performance is superior to classical EWMA
and Shewhart control charts. Lee et al. (2013) used the ACL to economic design Tukey to get
the optimum performance. Sukparungsee (2013) also applied ACL to Tukey’s chart to evaluate
the performance under non-normal distributed data and Tukey’'s chart has better AARL
performance for both cases of ACL-Tukey and SCL-Tukey. Khaliq et al. (2014) investigated the
comparative analysis to judge the performance of Tukey's chart versus X/MR chart under the
several probability models and Tukey’s chart was the best choice in many cases. There are
several studies presented that this chart is a good alternative to the traditional Shewhart and
X/MR charts for monitoring when the data are skewed distribution. Khaliq et al. (2016)
introduced the EWMA design for the Tukey's chart so-called mixed Tukey-EWMA chart. The
concept of this chart was designed to have more sensitive for a small sustained shift in process
location than the Tukey’s chart. This design also performs better than the classical EWMA when
the data follow the skewed distribution. Khaliq and Riaz (2017) designed the CUSUM structure
of the Tukey’s chart for small and sustained shifts. The performance of that chart is superior to
the classical CUSUM chart when data follow the skewed distribution. For asymmetric
distribution, this design has similar run length performance when compared with the classical
CUSUM. Raiz et al. (2017) introduced mixed Tukey EWMA-CUSUM design which was more
sensitive to small and moderate amounts of shift. Later, Mongkoltawat et al. (2017) presented
Exponentially Weighted Moving Average-Tukey’s chart (EWMA-Tukey) for moving range and
range which was superior to EWMA and Tukey control charts for all magnitudes of changes.
Thitisoowaranon et al. (2019) study the robustness of mixed CUSUM-Tukey’s chart for
detecting process dispersion which was superior to Tukey, CUSUM, and EWMA-Tukey for all
cases of asymmetric distribution.

The control charting system is normally practiced in two distinct stages: Phase I (ARLo)
and Phase II (ARL:). In Phase I, the key concern is to understand the process and to access
process stability, making sure that the process is operating at the intended target under some
natural causes of variation. Phase I also involves the estimation of the parameters as well as
setting up or estimating the control limits. In Phase II, the control chart is used to monitor the
process online to detect shifts happening in the process so that any corrective actions can be
taken quickly. The performance of the charts based on moving range is evaluated by assessing
the average run length (ARL) under normality and in the presence of various types of
contaminations employing simulation.

Thus, this paper focuses on the robust CUSUM-Tukey control charts based on the
moving range for monitoring the process dispersion parameter. Particularly, their design
structures and performances are studied under different environments and in the presence of
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special causes in the dispersion parameter of the process. The remaining of the paper is
organized as follows. Section 2 gives a review of the control chart and property. In Section 3,
the performance evaluation and analysis are addressed. In Section 4, the detection properties
of the CUSUM-Tukey’s chart are verified by evaluating the average run length (ARL). Finally,
Section 5 conclusion and summary of results are discussed.

Control chart and property
1. Tukey’s control chart
In 2004, Alemi first purposed Tukey’s control chart which is one of the nonparametric

control charts by applying the principle of Box plot to obtain the control limits. The control limits

of Tukey's chart are proposed by Torng and Lee (2008) as following
UCL = F*(0.75)+ K, x IQR o
LCL =F*(0.25)- K, x IQR

where UCL and LCL are upper and lower control limits, respectively. The F™(0.75) and

F(0.25) are the third quartile (Q,) and the first quartile (Q,) and IQR is interquartile range

(IQR =Q, —Ql). Usually, the value K is a constant as a coefficient of control limits which
given to 1.5 when the assumption of the process is the normal distribution (Ryan, 2000).

2. Cumulative Sum Control Chart
The CUSUM chart was introduced by Page (1954), and it is used cumulative deviation
from the target value. It is a favorable tool to detect the small to moderate shifts. The CUSUM
chart is based on the following two CUSUM statistics:
Cl+ = maX[O, (X[_#D) - kl +C(t1] (2)
Cli = maX[O7_ (X[_/LIO) - kl +C‘:l]
where k is the reference value, t is time or sample number. The C° and C_ are the upper
and lower CUSUM statistics, respectively, and the initial value of C 'and C, are zero. The
CUSUM statistics C and C; plotted against to upper control limit (K,) and lower control limit

is given to be zero, respectively.

3. Cumulative Sum — Tukey'’s Control Chart

The mixed control charts are combined CUSUM and Tukey’s control chart by using the
concept that the CUSUM control chart is represented as statistic while the parameter of mean
and variance are substituted with nonparametric as quartile and interquartile, respectively.
Then, the mixed CUSUM-Tukey statistics are denoted in the form of two statistics C and C; as:

C =max[0,(x,-Q;)-k,+C_] 3)
C.  =max[0,—(Q; —x)—-k,+C_]
where Kk, is the reference value of CUSUM-Tukey’s chart Q and Q: are adjusted from Q and
Q, by Khalig et al. (2017) as follows:
Q =(Q,-0.75Q,) +0.5Q, +0.25Q,

‘= (4)
Q =(Q -0.75Q) +0.5Q, +0.25Q,.
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The upper control limit of CUSUM-Tukey’s chart is K, and lower control limit is given to be
zero. The value of Q,Q, and Q, are defined as the first, second and third quartile,
respectively.

Performance evaluation and analysis

A sequence of points plotted on a control chart until an out of control signal is
identified is known as a run and a series of points in a run is named as Run Length (RL).
Typically, RL is expected to be higher while out of control RL anticipated being as small as
possible for in control process. Several measures based on RL are presented in the literatures
to evaluate the performance of the control chart.

Average Run Length (ARL)

The ARL is generally used to assess the performance of control chart for specific shifts.
This value refers to the average number of points plotted on a chart until an out of control
signal is identified. There are two technical terms used in the control chart that are in control
and out of control ARL. The in and out of control ARL are usually denoted by ARLo and ARL;,
respectively. The best performance in order to detect of a change will give the minimal value of
ARL:. The ARL can be calculated as:
SRL
ARL ==

(5)
m

Using Monte Carlo simulation with m replications, we computed the aforementioned RL
properties of Tukey, CUSUM and CUSUM-Tukey control charts. The numerical result is reported
on Tables 1 - 8 in the form of ARLs when given ARLo=370 and 500 by varying the magnitudes
of shifts in dispersion parameter.

Performance measure evaluation and comparison

The performance of control charts is approximated by the Monte Carlo simulation
technique with m=10° replications to order to get the RL properties for detection of a change in
process dispersion based on the moving range with R programming. The comparative analysis
of the CUSUM-Tukey’s chart, Tukey and CUSUM charts are studied and addressed which the
best performance of control charts will give the minimal value of ARL:. The numerical results of
ARLs when observations are distributed as Lognormal(0,1) with the span value to calculate a
moving range (MR) is given to 2, 3, 5 and 10 is presented on Table 1, Table 2, Table 3 and
Table 4, respectively for the case of Lognormal distribution. Tables 5 - 8 shows the numerical
results of the comparative performance of control charts when observations are Logistic(6,2)
distributed with MR=2, 3, 5 and 10, respectively. These results are arranged in tabular using
ARLo = 370 and 500, magnitudes of shift size (§) are 1, 1.2, 1.4, 1.6, 1.8, 2, 2.5 and 3, and

the number of observations are 2,000.

We have compared the performance of CUSUM-Tukey control chart of detection of
change in process dispersion with Tukey and CUSUM control charts when the observations are
distributed Lognormal and Logistic. The ARLs of the control chart are approximated by the
Monte Carlo simulation technique. The numerical results show that CUSUM-Tukey’s chart is
superior to the Tukey and CUSUM control charts for all cases. The comparative performance of
Lognormal distribution with the span of MR = 2, 3, 5 and 10 also shown on Figures 1 — 4,
respectively. On Figures 5 — 8, the performance of CUSUM-Tukey, Tukey and CUSUM control
charts are compared underlying Logistic distribution with the span of MR = 2, 3, 5 and 10,
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respectively. Obviously, the performance of CUSUM-Tukey control chart is robust to Lognormal
and Logistic distributions because the performance of CUSUM-Tukey can detect of change for

process dispersion not only symmetric distributions but also asymmetric distributions.

Table 1. Comparison of ARL for Lognormal (0,1) and MR =2.

ARLg = 370 ARL, = 500
5 Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K1=9.77 K>=16.175 K3=3.81 Ki=8.27 K>=14.08 K3=1.655
1 370.66+0.52° 370.14+0.52 370.103+0.52 500.31+0.70 500.22+0.59 500.04+ 0.43
1.2 15539+0.22 12521+0.52 57673 +0.28 200.91+0.68 393.78+0.55 83.47 + 0.28
1.4 84.36+0.12 78.36+0.52 19.174+0.11 157.67+0.67 312.57+0.54 64.40 + 0.20
1.6 53.87+0.08 4569+0.53 9.752+0.05 102.61+0.70 248.24+0.52 48.40 + 0.13
1.8 37.91+0.05 28.86+0.53 4485+ 0.04 86.58+0.71 199.97+0.48 2542+ 0.10
2 28.81+0.04 23.71+0.52 1.475+0.02 7457+0.47 160.66+0.43 1851 + 0.83
2.5 17.7240.03 13.72+0.52 0.675+ 0.0 65.18+0.33 94.79+0.33  3.35+ 0.02
3 12.86+0.02 826+0.52  0.232+0.01 49.33+0.07 55.42+0.26 148+ 0.01
* standard deviation of run length.
Table 2. Comparison of ARL for Lognormal(0,1) and MR =3.
ARL = 370 ARLy = 500
5 Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K:=9.87 K>=13.49 K3=9.09 K;=10.89 K>=15.10 K3=10.321
1 370.75%0.97 370.35%£0.53 370.49%0.50 50063t 061 50054F0.70 500.28%0.71
1.2 33049%0.17 255.83%0.22 212981 0.19 40630t 051 378.63T038 29350 T 0.40
1.4 270.92%10.09 184.42%0.12 14480 0.06 38151%035 246325033 15017 % 0.25
1.6 247.3310.06 153.69T0.08 106.18*0.03 3880%t032 192.37F031 9751% 0.20
1.8 1952710.04 137.89%0.05 9318002 75637029 111.15%030 5733 0.09
2 128111003 98.77£0.04 51.8610.01 13.14%024 91.26T025 3265% 0.02
2.5 118.7510.02 77.70%0.03 30.69*0.01 18322%0.19 8124015 11.15% 0.01
394261002 3289%0.02 1034%0.00 102.15%0.15 4231T009 324 7T 0.01
Table 3. Comparison of ARL for Lognormal(0,1) and MR =5.
ARLy = 370 ARLp = 500
N Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K1=8.54 K>=10.23 K3=9.13 K;=7.483 K>=13.21 K3=8.23
1 370.82t0.38 370.92%f0.31 370.55T0.28 500.88L0.64 500.52¥0.71 500.83%0.68
1.2 268.54T0.38 248.55T0.32 19441 *0.20 476.4710.62 340.23%0.01 20221 % 0.23
1.4 215.03£0.37 155.55%0.33 11751t 0.72 353.77t061 241411023 119.69%0.12
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1.6 191211034 123.67f035 85111008 338.0410.60 173.85T0.31 86.95% 0.08
1.8 143.34T0.31 94453 0.376 6860+*0.06 226.84T0.60 120347048 40.29* 0.06
2 101.00T0.30 48.815T0.38 20.56t0.05 217.6410.57 90.09L0.65 2889 % 0.04
2.5 98.15%0.29 37.815%038 637%003 193.27f055 5588t0.64  685%0.03
3 77.38%027 1754T038 184t 0.03 125451048 16.47T061 141 %003
Table 4. Comparison of ARL for Lognormal(0,1) and MR =10.
ARL, = 370 ARLo = 500
N Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
Ki=9.6 K>=11.78 K3=10.02 K;1=10.73 K>=12.92 K3=8.785
1 370.81+0.33 370.57+0.53 370.21+0.52 500.32+0.38 500.43+0.70 500.17+ 0.61
1.2 342.01+0.33 215.36+0.29 187.25+0.32 421.87+0.35 377.29+0.38 24175 +0.33
1.4 301.02+0.32 124.46+0.15 107.21+0.22 401.55+0.31 246.24+0.35 139.54 +0.30
1.6 294.75+0.32 77.22+0.12 61.02+0.19 342.76+0.31 194.88+0.33 9728 +0.27
1.8 251.34+0.31 49.10+0.11 32.74+0.15 254.64+0.29 101.58+0.31 5839 +0.24
2 19536+0.30 27.85+0.09 19.21+0.12 175.36+0.25 82.69+0.24 2101+ 0.22
2.5 157.22+0.29 13.53+0.06 6.23+0.08 113.33+0.22 57.26+0.20 1318 +0.14
3 11236+0.29 5.20+0.02  1.72+0.03 100.18+0.20 21.04+0.15 422 +0.10
Table 5. Comparison of ARL for Logistic(6,2) and MR =2.
ARL, = 370 ARLo = 500
N Tukey CUSuUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K; =2.503 K>=17.83 K3 =2.395 K; =2.64 K>=10.5 K3=1.549
1 370.95+0.53 370.60+0.52 370.183+0.03 500.89+0.71 500.49+0.22 500.00+ 0.05
1.2 322.06+0.51 203.14+0.29 136.771 + 0.01 465.77+0.71 399.25+0.16 375.77 + 0.04
1.4 285.23+0.53 111.56+0.16 82334+ 0.01 403.58+0.73 331.77+0.12 263.90 + 0.03
1.6 244.11+0.53 61.13+0.09 38826 +0.01 359.40+0.71 283.79+0.09 201.99 + 0.03
1.8 190.94+0.53 33.55+0.05 21551 + 0.0 296.38+0.71 247.80+0.08 154.45+ 0.02
2 135.34+0.53 18.43+0.03 13954 + 0.0 231.46+0.67 219.78+0.06 6750 + 0.02
2.5 107.24+0.53 4.11+£0.01 4004+ 0.01 177.25+0.63 171.32+0.04 27.89 + 0.02
3 73144053  0.92+0.00 0.248+0.01 146.53+0.72 140.25+0.03 737+ 0.01
Table 6. Comparison of ARL for Logistic(6,2) and MR =3.
ARL = 370 ARLo = 500
5 Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K =2.41 K>=12.32 K3 =5.104 K; =2.567 K>=17.43 K3 =5.021
1 370.66%0.38 370.21+0.53 370.34%0.56 500.75%0.76 500.16+0.80 500.06* 0.75

1.2 344.69f0.36 270.75+0.33 176,43+ 0.19 456.671£0.03 460.19t0.76 387.82* 0.27
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1.4 335531036 211.24+0.31 10816+ 0.10 330.71£0.01 328.68+0.52 240.55+0.16
1.6 306.68+0.34 193.95+0.30 78.84+0.07 311.79+0.01 305.47+0.35 204.75 % 0.09
1.8 255411035 127.31+0.28 6479 +0.05 271.08+0.00 296.60+0.29 171.88 + 0.05

> 201.16+0.32 90.23+0.21 3610+ 0.04 141.13+0.00 157.71+0.10 122.12+0.03
25 197.43+0.30 73.26£0.20 2397 +0.03 119.98£0.00 132.56+0.05 8297+ 0.02

3 135.00£0.22 20.21+0.12 1296 +0.02 107.79+0.00 92.57+0.02 36.89 +0.01
Table 7. Comparison of ARL for Logistic(6,2) and MR =5.

ARL, = 370 ARL, = 500
N Tukey CUSuUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
K; =154 K>=10.43 K5 =4.701 K;=2.09 K>=12.83 K3 =4.925

1 370.45+0.34 370.24+0.35 370.12+0.31 500.84+0.80 500.41+0.47 500.12+0.35
1.2 330.22+0.33 305.81%£0.31 24556 +£0.31 427.52+0.72 382.78+£0.41 318.02 £0.31
1.4 284.38+0.27 275.6310.30 184.64 +0.28 316.74+0.51 315.4310.38 234.84 £0.27
1.6 217.41+£0.21 205.22+0.24 111171 £0.20 308.10+£0.49 293.48+0.36 144.73 £0.16
1.8 199.81+0.15 154.66+0.16 92.63 £0.15 291.48+0.43 216.3310.28 101.25+0.14

2 136.91+0.10 119.25+0.10 57.35+0.12 171.25+0.38 187.68+0.21  71.26 £0.11
25 99.10+£0.07 74.51%£0.09 1726+0.08 14532+0.32 102.75+0.20 14.25+0.08

3 65.24+0.03 31.25+0.06 800+0.02 102.05+0.30 89.04+0.16 2.58 +0.02
Table 8. Comparison of ARL for Logistic(6,2) and MR =10.
ARLy = 370 ARL = 500
N Tukey CUSUM CUSUM-Tukey Tukey CUSUM CUSUM-Tukey
Ki=2.53 K»=15.45 K3=6.432 Ki=2.7 K>=19.60 K3=5.392

1 370.72 £0.39 370.22 £ 0.34 370.16 £ 0.37 500.49+0.51 500.16+0.70 500.12*0.52
1.2 335211034 245.09 + 032 210411 023 434.0410.50 465.2210.62 397.15% 0.51
1.4 320211032 228.03 + 0.29 131401 0.16 401.261+0.45 414.2110.61 377.84% 0.45
1.6 284.3710.31 209.63 + 0.26 11448t 0.12 365.3910.41 349.1810.52 269.40* 0.38
1.8 251.04%0.29 179.86 £ 0.21 7885% 0.11 326.95+0.25 302.76+0.41 139.21t0.32
2 22337%0.21 14556% 0.19 3498+ 0.10 295.01£0.19 274.35+0.32 93.25%0.27
25 192.76+0.15 99.92% 0.15 13.57% 0.04 186.48%£0.15 124.5310.29 30.57t0.14
3 114.7510.09 83.20 £ 0.10 403+ 0.02 94.17£0.10 7545+0.24 1562 % 0.09
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Conclusion

The comparative studies of the performance of Tukey, CUSUM and CUSUM-Tukey
control charts for detecting a change in variation by using the moving range. The mixed
CUSUM-Tukey control chart is superior to Tukey and CUSUM control charts for all magnitudes
of shift in dispersion parameter on both cases of Lognormal(0,1) and Logistic(6,2) distributions.
Therefore, the mixed CUSUM-Tukey control chart is robust to detect of dispersion parameter
not only symmetry but also asymmetry distributions. In addition, the CUSUM-Tukey control
chart robust to monitor the process dispersion when unknown population distributions and ARLo
is changed to be 500. Because of the mixed CUSUM-Tukey control chart is a nonparametric
control chart which parameter do not need to be known.
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Figure 1. Comparison of ARL for Lognormal(0,1) when MR =2.
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Figure 2. Comparison of ARL for Lognormal(0,1) when MR =3.
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Figure 3. Comparison of ARL for Lognormal(0,1) when MR =5.
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Figure 4. Comparison of ARL for Lognormal(0,1) when MR = 10.
400 600
350 500
300
250 400
g 200 e Tulkcey 5 300 —Tukey
150 e CUSUM e CUSUM
CUSUM-Tukey 0 CUSUM-Tukey
100
50 100

1 12 14 16 18 2 25 3 i 1.2 14 16 18 2 25 3
Shift size Shift size
(a) ARLo = 370 (b) ARLo = 500

Figure 5. Comparison of ARL for Logistic(6,2) when MR =2.
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Figure 6. Comparison of ARL for Logistic(6,2) when MR = 3.
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Figure 7. Comparison of ARL for Logistic(6,2) when MR = 5.
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Figure 8. Comparison for ARL for Logistic(6,2) when MR = 10.
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Abstract

The re-parameterized inverse Gaussian distribution is a very useful distribution for
statistics and it is applied to various fields, such as physics, engineering, biology, etc. It is also
appropriate to analyze the right-skewed data. In this research, we were interested in studying
the Fisher-information matrix and we wanted to find the covariance matrix to form asymptotic
confidence ellipses of parameters for the re-parameterized inverse Gaussian distribution. We
compared the coverage probability with the confidence coefficient of 0.98 of confidence ellipses
with sample sizes of n = 10, 30, 50, 100, 1,000, and 10,000. The parameters of 4 = 0.5, 1, 5,
10,50 and @ = 0.5, 1, 5, 10, 50. The data were simulated by the composition method which
they were repeated 10,000 rounds in each case with RStudio programming. The simulation
results indicate that the value of coverage probability had been close to the confidence
coefficient of 0.98 at the sample size of 10,000.

Keywords: inverse Gaussian distribution, confidence ellipses, Fisher-information matrix,
covariance matrix

Introduction

The inverse Gaussian distribution became known in statistics in the twentieth century
from the research of Schrddinger (1915) and Tweedie (1957). This distribution is an alternative
distribution suitable for an analysis of the right-skewed data. Therefore, it is popular and is
applied to various fields such as physics, engineering, biology, finance, etc. As Folks & Chhikara
(1978) explained in their research, the inverse Gaussian distribution is the continuous probability
distribution which the probability density functions of inverse Gaussian distribution contain two
parameters are x and 4.

2 Ax— )

where >0 and 4>0, they represent a symbol of X ~1G(x,A). And 4 is a location
parameter or an average parameter, A is a shape parameter. Thus, the average of distribution is
E(X)=u and the variance of distribution is Var(X) =’/ 4. Furthermore, the skewness is
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3Jul A . The maximum likelihood estimator of x is fi=X and the maximum likelihood
- n -1 _
estimator of 4 is ﬂ:(zizlxi‘lln—l/i) , Where X = in: X /n.

Besides, the inverse Gaussian distribution still has a similar property with and bears a
relation to the Birnbaum-Saunders distribution which was first introduced by Birnbaum &
Saunders (1969). This Birnbaum-Saunders distribution was the failure distribution and was often
used for reliability analysis. Afterward, the parameters of the Birnbaum-Saunders distribution
were again adapted by Ahmed et al. (2008) in order to be suitable for use. Furthermore, they
solved the relationship equation between the latest parameters and former parameters, including
various properties of this distribution. Jangphanish & Budsaba (2013) considered the parameter
estimation of the inverse Gaussian distribution based upon new parameters as Ahmed et al.
(2008).

Therefore, the probability density function of the inverse Gaussian distribution with the
new parameters can be written in this formula:

f,G(X;/LQ):ejg(g)gexp{—%(\/%—ﬂ\/gjzl x>0, (2)

where >0 and 6 >0, they represent a symbol of X ~1G(A,6), A is the thickness of
the sample, and @ is the nominal treatment loading on the sample. The maximum likelihood

n
2
L —in
and the maximum likelihood estimators of 0 is 6= =
X —n n

estimators of A is /i:

n 1
where T = Zi:l;i'

The two types of estimation of population parameters are point estimation and interval
estimation. The estimation of the population parameters, appealing to a study due to containing a
single statistical value, is the point estimation. The interval estimation or the confidence interval
estimation is the estimation of interesting population parameters because it contains an interval
value which is between two values by containing the point estimation at the center between the
two values.

In the past decade, numerous studies have given special attention to the confidence
interval for one-dimensional space; few researchers are interested in studying the confidence
interval for two-dimensional space (which is called the elliptical confidence interval).

From the previous research into the inverse Gaussian distribution, we found that there
was no research work on the confidence interval of asymptotic ellipses for the re-parameterized
inverse Gaussian distribution. Consequently, we are interested in doing a study into the
confidence interval of asymptotic ellipses for the re-parameterized inverse Gaussian distribution
based on distribution as Jangphanish & Budsaba (2013).

A brief review of the re-parameterized inverse Gaussian distribution

The basic parameters of the re-parameterized inverse Gaussian distribution are 4 and
6. This distribution is a group of continuous probability distributions with values of random
variables from 0 to oo. The probability density functions of the random variable with the re-
parameterized inverse Gaussian distribution that proposed by Jangphanish & Budsaba (2013) is
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f(x4,6) = ejg(gfexp{_%{ﬂ\/g—\/g]z} ; x>0, (3)

where A1 >0 is the thickness of the machine element and >0 is the nominal
treatment pressure on the machine.

The re-parameterized inverse Gaussian distributions, which consists of two parameters,
are A and . The likelihood functions of the re-parameterized inverse Gaussian distributions
depend on the two parameters. They can be written in this formula:

n 5 n 2 ZX
L(x4,0) :Lexp —zﬂ+nl—i . 4)

nono 8 = 2x 20
() T

Therefore, the logarithm of the probability function can be written in this formula:

n 3 2 n X
1(%4,0)=InL(x1,0) = nln/1+gln9—nln\/§—2xi2 —TeziJrn/l— 219 ,

i=1 i=1 N

and the maximum likelihood estimators of parameters 4 and @ can be written in this form
n

TX?->'x,
S = and 1=——, )
n X —n

é:

n

o X
where T :;Z’ X =%
and E(X) is the first moment of the re-parameterized inverse Gaussian distribution,

therefore it is in this form: E(X) =46,
and Var(X) =E(X?)+(E(X))
= 20* (A+1)- 226"

= 120+ 18 -1’0 = 16" (6)

I

Theoretical results

1. The Fisher information matrix for the re-parameterized inverse Gaussian
distribution

Give a random variable X to be the re-parameterized inverse Gaussian distribution
with parameters (4,6). The Fisher Information Matrix is ® when ®=(ux,A) is a two-

dimensional vector of the parameter standing for | (@) as shown in below
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2 2
a—zln f(x;2,0) 0 In f(x;4,0)
1(0) = 1(4,6) = -g| % 0400 . 7)
2 62
Inf(x;4,0) ﬁln f(x4,0)

oo

The logarithm of the probability function of the re-parameterized inverse Gaussian
distribution is

2 2
Inf(x4,60) =In A0 exp{—ﬂwl—i}

J27x? 2x 26
1 2 Ao X
= — — f— —_—— —_—— 8
In(ﬂ)+2In(9) In2z In(x J P +1 20 (8)

From E(X) =46, thus we can estimate the expectation of reciprocal E(1/X) by
Taylor expansion around E(X) of a variable, so we obtain

1 1 1 1 2
E(Yj ~ E{m—m(x —E(X))+ E()()3(x -E(X)) ]

1 1
= +——=Var(X
1 1 1 1 1
= — —/1 2 -t = /1 1 . 9
/16'+1393 10+/129 /129( " ) ©)
2 2
a—zln f(x4,0) 9 ng (x;2,0)
Hence, E e agfe will be in these formulas:
——Inf(x;4,0) —Inf(x;1,6
06O (x ) 06° (x )
o _ 1 E(X) 1 a6
E(ﬁ'nf(x’ﬂﬁ)) 200 ¢ 200 &
1 A (24+1)
20° @* 20° (10)

22 2

1 e 6 1.1 1
A6 A%0 Y L
1 2 1
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2 1
E 0 Inf(x4,0)|= —xlE(—j
oA00 X
= —i(ﬂ +1) (12)
A0

Therefore, the Fisher Information Matrix for the re-parameterized inverse Gaussian
distribution is in this form as shown.

—iz(/l+2) _(/1+1)

|<®) __ A A0

(A+1) (22+1)

a8 26
(A1+2) (A+1)
22 20

Tl (a+) (2441) | (1)

10 20?

When © is the two-dimensional vector of parameters and ®=(/1,9), so we will
obtain the Fisher information matrix for sample sizes N are
n(A+2) n(1+1)

|2 20
' (6) = n(2+1) n(22+1)| (1)
26 26°

2. The covariance matrix
The value of the covariance matrix and the value of the inverse of the Fisher
information matrix are equal. They stand for A=1"(®)=1,"(1,6). Consequently, when n

comes to o, it will be the following equations
n(2a+1)  n(1+1)

I (0) = 1 200 a0
" [n(mz)xn(2,1+1)]_[n(,1+1)xn(/1+1)] _n(A+1) n(2+2)
2 20° 20 20 26 2
n(2i+1)  n(1+1)
_ L 200 a0 | (15)
n?(24+1)(A+2) n*(A+1)°| n(A+1) n(2+2)
2°0° i L e 22

Consider this formula

n?(22+1)(A+2) 2 n*(A+1)° n?(24+1)(A+2) 2n*(A+1)’
——X — j—
24767 2" 2% 2276 24767
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n?(22+1)(2+2)-2n* (2 +1)°
22%6°

n2[212+4,1+/1+2} 2n2[,12+2,1+1]
20267 O 222P

~ nz[zzz +5/1+2]—2n2[12+2/1+1}

22767
20?27 +5n°A+2n° —2n° A —4n’ A - 2n?
22°6°
_2n° 22 -2n* A% +5n°A—4n* A+ 2n - 2n°
- 20°6°
n*A n’
= — = 16
2°0°  246° (16)
That is
n(2A+1)  n(A+1)
: 220°| 20> 46
A=11(0)=
- (©) n’ | n(A+1) n(1+2)
A0 A2
A(24+1)  20(4+1)
- n n . (17)
20(A+1) 20°(A+2)
n ni

3. An asymptotic normal distribution

Consider the order of random variable from maximum likelihood ©) using the
Delta method. It will be this form
Jn (60" —e)— s x ~N,(0,17(0))

((:)E]MLE) _®) d

JIn'(©)
From the value of the inverse of the Fisher information matrix is equal to the value of
the covariance matrix, it will be

((:)(nMLE) _®)

A

Z~N,(0,1,).

45N, (0,1,). (18)

Therefore,
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-1
1
{AZ} ((C)Q"LE) —@)%z =N, (0,1,), (19)
10
where |, = 01 is an identity matrix and Z;,Z, are random variables with an

average normal distribution of 0 and the variance of 1, and they are independent. Thus,
Z'=(Z,,Z,) is the bivariate normal distribution N, (0, 1,) as it shows

(@S\ALE) B ®)’ (A)—% (A)—% (@&MLE) B ®) _ (@S\ALE) _ @)' A (@E]MLE) B ®)
2
=27=2;+7;=).7;.
i=1
This distribution is Chi-Square distribution with two degrees of freedom (xg ).

4. The region of the confidence for the re-parameterized inverse Gaussian
distribution

From Duangchana & Budsaba (2014), Hansoongnern et al. (2018) and Phaphan &
Pongsart (2019) we will obtain the confidence region of 100(1-o)% for the parameter © of
Two-Dimensional Normal Distribution. It is an ellipse as shown in this equation.

!

(@ﬁMLE) - @) A (@Q”LE) —@) <2 (). (20)
Since covariance matrix of the re-parameterized inverse Gaussian distribution is
A =1,(0). (21)

We will obtain the confidence region of 100(1-a)% for the parameter ©'=(21,0) of
the re-parameterized inverse Gaussian distribution as it indicates

n(A+2) n(A+1)

I ~ 2 i(MLE) "y
JME) _ 4 AMLE) _ g A 10 . <, -
[ ' " J n(/l +l) n(ZA +1) érEMLE) _0 X (a) (22)
A0 26°
n(ﬂ+2) 4 (MLE) 2 2n(ﬂ+1) 5 (MLE) A(MLE) n(22+1) AMLE) 2 )
Z8 (A0 -2) + 26 (A2 =2)(G2 -0)+ 2—92(9n ~0) <z (a). (23)

Simulation results

In this topic, we studied the coverage probability of asymptotic confidence ellipses for the
re-parameterized inverse Gaussian distribution. We defined parameter of 41 =0.5, 1, 5, 10, 50
and parameters of = 0.5, 1, 5, 10, 50 by simulating random numbers of the re-parameterized
inverse Gaussian distribution with the composition method (Ngamkham, 2019) of the sample
sizes of n= 10, 30, 50, 100, 1,000, 10,000. We took the random numbers which we obtained to
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estimate the parameters of 4 and 6 with the maximum likelihood method (Jangphanish &
Budsaba, 2013), and afterward they were redone 10,000 rounds in each case. Lastly, asymptotic
confidence ellipses were constructed and calculated the value of coverage probability of
asymptotic confidence ellipses with the confidence coefficient of 0.98 by using RStudio
programming as indicated in Tables 1-6 and Figures 1-6 )Here it shows some cases(.

Table 1. A sample size of N = 10, an average of parameter estimates of 1, an average of parameter
estimates of @ and the value of Coverage Probability (CP)

4 0 'I:he average estlmate§ P
A 0

0.5 0.5 0.8675 0.5452 0.5823
1 0.8575 1.0897 0.5937
5 0.8545 5.4169 0.5906
10 0.8719 10.3855 0.5974
50 0.8508 54.4864 0.5907

1 |05 1.5615 0.5036 0.6373
1 1.5807 0.9974 0.6337
5 1.5689 4.938 0.6478
10 1.5628 9.9506 0.6407
50 1.5689 49.7005 0.6502

5 |05 7.2783 0.4597 0.6436
1 7.3671 0.9119 0.6457
5 7.2711 4.5582 0.6517
10 7.2696 9.1681 0.6509
50 7.2986 45.7389 0.6506

10 | 0.5 14.4873 0.4558 0.6105
1 14.5794 0.9016 0.6151
5 14.4262 4.5457 0.6084
10 14.378 9.0936 0.618
50 14.423 45.6088 0.6182

50 | 0.5 71.0387 0.4527 0.4894
1 72.0167 0.9048 0.4791
5 70.3464 4.5332 0.4969
10 71.1927 9.0702 0.4932
50 71.7472 44.921 0.4858
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Figure 1. Asymptotic confidence ellipses in the case of n=10, A =5, =5

Table 2 . A sample size of n =30, an average of parameter estimates of A, an average of
parameter estimates of 6 and the value of Coverage Probability (CP)

4 0 'I:he average estlmate§ P
A 7

0.5]05 0.5905 0.5186 0.7504
1 0.5937 1.0262 0.7474
5 0.5914 5.1701 0.7484
10 0.5956 10.2686 0.743
50 0.5909 52.1257 0.7439

1 105 1.1473 0.4996 0.7897
1 1.1474 0.9978 0.7949
5 1.1508 4.9867 0.7892
10 1.1518 9.9833 0.7917
50 1.1459 50.0676 0.7916

5 05 0.4874 5.5757 0.8024
1 5.5935 0.9745 0.7957
5 5.568 4.8754 0.8055
10 5.611 9.7014 0.7985
50 5.5712 48.8262 0.8056

10 | 0.5 11.2136 0.4822 0.7612
1 11.1245 0.9716 0.7676
5 11.1737 4.8381 0.7652
10 11.105 9.7371 0.7672
50 11.1026 48.6128 0.7687

50 | 0.5 55.5276 0.4852 0.6323
1 55.5863 0.9677 0.6355
5 55.6313 4.8275 0.635
10 55.4025 9.7275 0.6293
50 56.0297 47.9986 0.6304
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Figure 2. Asymptotic confidence ellipses in the case of n=30, 1=5, =50

Table 3 . A sample size of n =50, an average of parameter estimates of A, an average of
parameter estimates of & and the value of Coverage Probability (CP)

1 0 'I:he average estlmate§ P
A 7

0.5 0.5 0.5529 0.513 0.7964
1 0.5544 1.0175 0.8063
5 0.5544 1.0175 0.8063
10 0.5539 10.2085 0.7962
50 0.5514 51.2268 0.8001

1 105 1.09 0.4969 0.84
1 1.0868 1.001 0.8395
5 1.0899 4.9634 0.8409
10 1.0901 9.9562 0.8381
50 1.0918 49.7151 0.8394

5 05 5.3281 0.4928 0.8463
1 5.3495 0.9805 0.8478
5 5.3338 4.9295 0.8468
10 5.3388 9.8379 0.8522
50 5.3318 49.2313 0.8523

10 | 0.5 10.6684 0.4902 0.8183
1 10.6326 0.9857 0.8159
5 10.6656 4.91 0.823
10 10.6833 9.8181 0.8114
50 10.6307 49.2032 0.8219

50 | 0.5 53.2004 0.4907 0.691
1 53.2717 0.9796 0.6989
5 53.1505 4.9103 0.6975
10 53.3072 9.7789 0.7016
50 53.3408 48.9673 0.6922
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Figure 3. Asymptotic confidence ellipses in the case of n=50, A =5, =50

Table 4 . A sample size of n =100, an average of parameter estimates of A, an average of
parameter estimates of 6 and the value of Coverage Probability (CP)

1 9 'I:he average estlmate§ cp
A 0

0.5]05 0.5254 0.5052 0.8599
1 0.528 1.0048 0.8579
5 0.5278 5.0348 0.8547
10 0.5249 10.1248 0.8659
50 0.5248 50.6336 0.8694

1 105 1.0388 0.5013 0.9001
1 1.0394 1.001 0.8976
5 1.0419 4.9992 0.8939
10 1.0423 10.0013 0.8894
50 1.0415 49.9095 0.8994

5 |05 5.1529 0.4974 0.8987
1 5.1646 0.9922 0.8991
5 5.1495 4.97 0.9015
10 5.1658 9.9094 0.8984
50 5.1621 49.6401 0.8967

10 | 0.5 10.2967 0.4969 0.8713
1 10.3127 0.992 0.8733
5 10.3233 4.9551 0.874
10 10.3107 9.9127 0.8848
50 10.3062 49.5991 0.8824

50 | 0.5 51.5636 0.4952 0.7704
1 51.4611 0.9921 0.7747
5 51.5803 4.9467 0.7748
10 51.4586 9.9216 0.7716
50 51.6396 49.429 0.7787
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Figure 4. Asymptotic confidence ellipses in the case of n=100, A =5, =5

Table 5. A sample size of n=1,000, an average of parameter estimates of A1, an average of
parameter estimates of & and the value of Coverage Probability (CP)

4 0 'I:he average estlmate§ cp
A 0

0.5 0.5 0.5023 0.5008 0.9625
1 0.5026 1.0007 0.961
5 0.5023 5.0072 0.9602
10 0.5026 10.0084 0.9594
50 0.5028 50.021 0.9596

1 105 1.0033 0.5003 0.9685
1 1.0036 1.0008 0.9684
5 1.0041 5.0027 0.9654
10 1.0047 9.9927 0.9676
50 1.0035 50.0385 0.9668

5 105 5.0171 0.4994 0.9668
1 5.0161 0.9991 0.966
5 5.0173 4.9944 0.9685
10 5.0204 9.9834 0.9655
50 5.0188 49.9296 0.9687

10 | 0.5 10.0401 0.4992 0.9616
1 10.0263 0.9996 0.9654
5 10.0251 4.9985 0.9634
10 10.0278 9.9965 0.9627
50 10.0287 49.9667 0.9651

50 | 0.5 50.1816 0.4992 0.9322
1 50.1523 0.999 0.9301
5 50.1736 4.9928 0.9376
10 50.1553 9.9891 0.9328
50 50.1492 49.9536 0.9316
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Figure 5. Asymptotic confidence ellipses in the case of n=1,000, 1 =5, =50

Table 6 . A sample size of N =10,000, an average of parameter estimates of A, an average of
parameter estimates of & and the value of Coverage Probability (CP)

1 9 'I:he average estlmate§ cp
A 0

0.5]0.5 0.5003 0.4999 0.9776
1 0.5001 1.0005 0.9759
5 0.5002 5.0002 0.9776
10 0.5003 9.9975 0.9768
50 0.5004 49.985 0.9807

1 105 1.0006 0.4999 0.9772
1 1.0005 0.9997 0.9783
5 1.0002 5.0013 0.9787
10 1.0005 9.9972 0.9787
50 1.0005 49.9921 0.9791

5 105 5.0003 0.5001 0.9788
1 5.0024 0.9998 0.9799
5 5.0033 4.9981 0.9782
10 5.0021 9.9982 0.977
50 5.002 49.9908 0.9761

10 | 0.5 10.0004 0.5001 0.9762
1 10.0025 1.0001 0.977
5 10.002 5.0002 0.9787
10 10.003 9.9994 0.9765
50 10.0031 49.9937 0.9788

50 | 0.5 50.0165 0.4999 0.9758
1 50.0279 0.9996 0.9734
5 50.0095 5.0002 0.972
10 50.0122 9.9997 0.9712
50 50.0095 50.0144 0.9773
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Figure 6. Asymptotic confidence ellipses in the case of n=10,000, 2 =0.5, =50

Discussion
The research results of simulation as shows in Table 1-6 revealed that the parameter
estimation of A that had been introduced had more values than the actual values

Joverestimate(. Also, from Figure 2: n=30, A=5, #=50 showed that several parameter

estimations came out of the ellipse, but when the sample size had increased to 1,000 as shown
in Figure 5: n=1,000, A =5, =50, the number of parameter estimations coming out of the

ellipse decreased. Similarly, from Figure 1: n=10, A=5, =5 were found that several

parameter estimations came out of the ellipse, but when the sample size had increased to
10,000 as it indicates in Figure 6: n=10,000, A=5, =5, the number of parameter
estimations coming out of the ellipse reduced significantly.

The research indicated that the coverage probability of asymptotic confidence ellipses
would have been increasing value when the sample size of n rose up. As we calculated, the value
of coverage probability had been close to the confidence coefficient of 0.98 at the sample size
of n=10,000 which gave us the maximum coverage probability. Consequently, the value of
coverage probability of asymptotic confidence ellipses for the re-parameterized inverse
Gaussian distribution would have been increasing when the sample size was large.

In this research, we use the maximum likelihood estimates that have more errors when
sample sizes are small. Therefore, the value of coverage probabilities are very low in the cases
of small sample sizes.

Besides, for n less than or equal to 100, the parameter of 4 =5 and the various parameter
of 6 gave us the maximum coverage probability (as shown in Table 1-4). Therefore, the various
parameter of A were able to cause the value of coverage probability of asymptotic confidence
ellipses for the re-parameterized inverse Gaussian distribution.

Conclusion

In the theoretical part, we calculate the Fisher information matrix for sample sizes n in
closed form for a probability density function under the re-parameterized inverse Gaussian
distribution and find the covariance matrix which equals an inverse of the Fisher information
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matrix for the sample size n to construct a normal approximation that gives elliptical confidence
regions with center © =(4,0) for all 150 cases.

For the simulation part, the objective of this part is conducted for an asymptotic
confidence ellipses construction for parameters of the re-parameterized inverse Gaussian
distribution and we compare the coverage probabilities of confidence ellipses of parameters for
a re-parameterized inverse Gaussian distribution with the confidence coefficient 0.98. We
consider the parameters of 4 = 0.5, 1, 5, 10, 50, & = 0.5, 1, 5, 10, 50 and the sample sizes
n as 10, 30, 50, 100, 1,000, 10,000. The data were generated by a simulation technique using
RStudio programming and the experimental is repeated 10,000 times to obtain the coverage
probability. The simulation results indicated that the coverage probability of asymptotic
confidence ellipses would have been increasing value when the sample size of n increase and
the various values of A4 can cause the coverage probability values of asymptotic confidence
ellipses to increase or decrease. In connection with this research, we could continue applying to
contemporary problems for real life data, mostly in Engineering. Also, we would like to suggest other
distribution such as Weilbull distribution, log-normal distribution, extreme value distribution, Gompertz
distribution and log-logistic distribution for constructing the confidence ellipses.
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Abstract

Using the traditional least square regression estimator we can validate the assumption
of normality of the residual error when outliers occur in the data. In this paper, alternative ratio
estimators for estimating population mean using robust regression are proposed for use in the
case where data is contaminated with outliers, under simple random sampling. The bias and
mean square error of the proposed estimators have been investigated. A simulation study has
been conducted to compare the efficiency of the proposed estimators with traditional
estimators. The results show that the proposed estimators perform better than the existing
estimators.

Keywords: ratio estimator, simple random sampling, robust regression, Taylor series
approximation, Huber M-estimate.

Introduction

Auxiliary information could be utilised for estimating population mean of the variable of
interest if the auxiliary variable is related to the variable of interest. Ratio and regression
estimators use the benefit of related auxiliary variables and the variable of interest in order to
increase the efficiency of the population mean estimators. Several researchers developed ratio
and regression estimators in their study using known parameters of auxiliary variables. For
example, Sisodia & Dwivedi (1981) proposed to use the benefit of a correlation coefficient to
develop a new ratio estimator for estimating population mean. Later Singh & Tailor (2003)
also improve the ratio estimator by adding the correlation coefficient into the traditional one.
(see also Subramani & Kumarapandiyan, 2012; Jaroengeratikun & Lawson, 2019; Lawson,
2019). Some researchers proposed to use the regression coefficient to develop new ratio
estimators. For instance, Nangsue (2009) proposed new ratio and regression estimators in the
case of missing data. One of Nangsue's estimators utilizing the regression coefficient is as
follows.

A _\b
Y, =[7+b(X _7)]%] , (1)
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where y and X are the sample means of the study variable X and auxiliary variable Y

respectively. X is the population mean of auxiliary variableis the sample b and X
regression coefficient.

Later, Soponviwatkul & Lawson (2017) proposed new ratio estimators following Sisodia
& Dwivedi (1981), Singh & Tailor (2003) and Nangsue (2009). Soponviwatkul & Lawson (2017)
estimators performs well when conditions are satisfied.

However, estimation of regression coefficients using an ordinary least square method is
not suitable for the data that is contaminated with outliers. The outliers will affect the normal
distribution assumption of the traditional least square regression method. Robust regression is
an alternative method of estimation dealing with data with outliers in order to increase the
efficiency of the estimators using an idea of weighting method by assigning different weights to
observations. Some researches proposed to use robust regression in the estimation of the
regression coefficients in order to increase the efficiency when data is contaminated by outliers.
For example, Kadilar et al. (2007) proposed using robust regression in the estimation of
population mean using ratio estimators in the case of where data is contaminated under simple
random sampling. They considered the ratio estimators proposed by Sisodia & Dwivedi (1981),
Singh & Kakran (1993), Upadhyaya & Singh (1999) and Kadilar & Cingi (2004) in their study.
Kadilar et al. (2007) applied robust regression called Huber M- estimator to estimate the
coefficient in ratio estimator. The Huber M- estimator assigns different weights to the
observations dependent on the residuals, observations with larger residuals get smaller weights.
Kadilar et al. (2007) estimators are as follows.

Aprl_[y“'brob(x X) (%j (2)

2 _ - . X+C

Ypr2:|:y+br0b(x_x):|[ii_cx]1 (3)

s X4 By

Yr = y+bro (X_X) —_ | 4

=7 J{“ﬂzwl X
ﬁ'z())?+CX

pr4_|:y+brob(x X)JLW} (5)
C )Z+/5'2(X)

r5_|:y+brob(x X)J[——} (6)

P CX+ Bypy)

where C, is the coefficient of variation of X, Py (x) s the coefficient of kurtosis of X and

by, is the sample regression coefficient estimated by the Huber M-estimator. Huber (1981)
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n
proposed to minimize the summation of outlier function. The objective function is min Z p(ei)
i=1
2
. el <k
and Huber’s function () is given by p(e)= 2

2
e[~ Je| >

The mean square error of the Kadilar et al. (2007) estimators are given by

MSE(T- ) =L 72 T W22 +C2 402 K2C2 W oG G + W, KC2 — 28, K pCo C
(pri)_T |:i x T4y +D0pp X iPLx Ly + AW KL roprY:|1

_ (7)
_ B _ B, X
where leé, le_x , Wg:_L, W4:$,
X X+Cy X +182(x) ﬂZ(x)X + Cx
Sziand K:L:, i=12,...,5
CoX+ By Y

Later Zaman & Bulut (2018) compared the efficiency of the estimators proposed by
Kadilar et al. (2007) using the Huber M- estimator with other estimators using different
methods of robust regression with each. Recently, Zaman (2019) proposed a combined
estimator which combined the estimators proposed by Zaman & Bulut (2018) when data is
contaminated with an outlier and it is found that the new estimators are more efficient than the
old ones under certain conditions.

In this paper, the alternative ratio estimators for estimating population mean using
robust regression in the case that data is contaminated with outliers under simple random
sampling, following the work of Nangsue (2009) and Kadilar et al. (2007), have been
proposed. The proposed population mean estimators are discussed in Section 2. A simulation
study is shown in Section 3 to compare the efficiency of the proposed estimators with the
traditional estimators. Finally conclusion and discussion are given in section 4.

Methods

Motivated by Nangsue (2009) and Kadilar et. al (2007), we proposed new ratio
estimators for use in the case of the existence of contaminated data by using a robust
regression method to estimate the sample regression coefficient under simple random
sampling. The proposed estimators are as follows.

— brob
Y_Nl :[y"'brob()z_i):'(%] ) (8)
Yz =[7+bmb(>?—f)](§:CCXJ , ©
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V2 broh
a _ X+ Box)
Yng =| YD (X =X) [| ——| (10)
[7+bx JX+%m
va brob
- _ ﬂz(x)x +C,
Ynag =| V0 (X =X) || ———— (11)
[7+b ] Box)X +Cx
V2 brob
~ _ C, X+ 5,
Yns =[7+brob(X—7)](Cx?ﬂ((x))J : (12)
X 2(x

From equations (8) to (12), we can write a general form for the proposed estimators as
follows.

AX +D )
] , (13)

YAN :I:V'Fbrob()z_i)][ AX+D

where C, is the coefficient of variation of X, By(x) is the coefficient of the kurtosis of

X, Aand D are parameters of an auxiliary variable X and by, is the sample regression
coefficient estimated by the Huber M-estimator.

Note that: where there are no outliers (an outlier is usually a data point that is larger than the
third quartile or smaller than the first quartile), the proposed family of estimators in equation

(13) can also be used by replacing by, with b, a sample regression coefficient estimated by

the ordinary least square method.
The bias and mean square error of the proposed estimators are investigated under
simple random sampling without replacement using a Taylor series approximation.

Let eosz;Y then y=Y(l+e) and let eF%then X=X(l+e), such that

1-f 1-f 1-f 1-f
E(eo): E(el) :O, E(eg):TC3, E(elz):TCf and E(eoel) ZTCXy ZTprCX .
Expressing equation (13) in terms of €’s, we have

va brob
AX +D J

Yy = [Y_(1+ €0) +Brop (X — X(:Hel))][m
= [V (1 )+ b (X - X(1+el))](1+wel)7brob :

- by (Brop +1)
=Y —Why,e,Y +—ob=tob =2 g’b

W 2e2Y +Ye, —Wh,, Yeye, + WW %e?Ye,
'brob )zel + brzob )Zwelz
Up to the first degree of approximation using a Taylor series , the approximate bias of the

proposed estimator is given by
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Bias(Yy ) =~ (Yy ~V)

= E(-Wh,peY + WW 262Y +e,Y —Wh,,,e08,Y + WW 2epelY
- brobel)z + brzobwelz >z)
1-f)_
_ 1=y K rob (b;b D2 w2, ijc2 ~Wb,,pC,C } (14)
n

The approximate MSE of the proposed estimator \(LN to the first order of approximation
is glven by
MSE(YN) E(YN -Y)?
= E(W?%b2,e2Y 2 +e2Y 2 +bZ 2 X2 — 2Wb,,,eq8, Y 2 + 2Wh3,e2 XY —2b, .8, XY)

(1- f) 22 2 2
=Y [W bioCi +Cy +bfop K*CS = 2WhygppCy Cy +2Whyg, KC _ZbrobKPCxC‘{}

1-f)-
=( )Y2|:C‘? ( 2brzob'*'brosz'*'Z\NbrobK)C)z( _Z(Wbrob+brobK)pCXCY:|7

(15)

AX
where W =—
AX

X
and K = 2.
+D Y

To see the performance of the proposed estimators, the mean square error of the
proposed estimators in equation (15) will be compared with the mean square error of the
Kadilar et al. (2007) estimators in equation (7) . The proposed estimators are more efficient
than the estimators of Kadilar et al. (2007) if the conditions below are satisfied. The details
are as follows:

The proposed general estimator YN is more efficient than the estimator Y Yori o I

MSE(Yy,) < MSE(Y ;)

brobCX +CY +brob 2CX — 2Wby,pCx Cy +2\NbrobKC)z( =20, KpCx Cy <
w? CX +CY +br20bK2CX —2W pCy Cy +2W brobKCX —2b, KpCx Cy

2CX (brob ) 2WpCy Cy (brob _1)+ 2\NKCX (brob brob)< 0

(Brop ~1)[W2C (Brap +1) ~2WpCx Cy + 2WKCbygy | <0

For b, —1>0 thatis b, >1then

rob

WZC5 (brop +1) = 2WpCy Cy +2WKCY by, <0
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2WpC, C, —W2C%
2WKCE +W2C§

rob

Similarly, for b

rob

-1<0 thatis b, <1then

2WpC, C, —W2C%
2WKCZ +W?2C%

rob

where W = and K =:((T,

AX+D

Results and discussion

The proposed estimators are used in simulation data in order to see the performance
of the proposed estimators against the estimators of Kadilar et al. (2007). A population of
(X.,Y)is generated by the bivariate normal distribution with mean equal to 500 and 40
respectively. The coefficient of variation of X and v are equal to 0.13 and 0.25 respectively.
The correlation coefficient between x and vis equal to 0.9. A sample size n=5, 20, 30, 50
is selected using simple random sampling without replacement from the population size N =100.
There is an outlier in the sample set of data. The simulation is repeated 10,000 times using the
R program. The bias and mean square error for all estimators is calculated. The results are
presented in Table 1 below.

Table 1 The bias and mean square error of the proposed estimators and existing estimators.

Estimators n=>5 n=20 n=230 n =50

Bias MSE Bias MSE Bias MSE Bias MSE
Lprl 6.767 | 46.366 | 3.237 | 11.581 | 1.540 | 2.892 | 0.628 | 0.593
?prz 7.053 | 50.117 | 2.980 | 9.991 | 1.398 | 2.494 | 0.568 | 0.530
iprs 6.822 | 47.063 | 3.186 | 11.254 | 1.511 | 2.809 | 0.616 | 0.580
Y;,M 6.777 | 46.488 | 3.228 | 11.523 | 1.535 | 2.877 | 0.626 | 0.590
Aprs 6.767 | 46.367 | 3.237 | 11.580 | 1.539 | 2.892 | 0.629 | 0.593
?Nl 0.970 | 8.492 | 0.307 | 1.413 | 0.226 | 0.783 | 0.137 | 0.324
?NZ 0.405 | 7.952 | 0.167 | 1.393 | 0.141 | 0.779 | 0.099 | 0.326
?Na 0.862 | 8.338 | 0.279 | 1.405 | 0.209 | 0.781 | 0.129 | 0.324
¢N4 0.951 | 8.463 | 0.302 | 1.411 | 0.223 | 0.783 | 0.136 | 0.324
?NS 0.969 | 8.492 | 0.307 | 1.413 | 0.226 | 0.783 | 0.137 | 0.324

From Table 1 we can see that all proposed estimators perform a lot better than the
estimators of Kadilar et al. (2007) in both bias and mean square error. The mean square errors
of all proposed estimators are similar. The bias and mean square error are smaller when
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sample size increases. The Y,, seems to perform the best in term of bias and mean square

error in this scenario. The bias and mean square errors for the proposed estimators are similar
when sample size increased.

Conclusion

Outliers can affect the interpretation of results if they are not deal with before analysis. In
this paper new ratio estimators have been proposed using the benefit of robust regression to
solve a problem of contaminated data. We also presented the proposed estimators in a general
form that can be useful with some known auxiliary variables. We have shown in theory that the
mean square error of the proposed estimators are smaller than the existing estimators in
certain conditions. A simulation study was also used to support the theory that the alternative
ratio estimators for estimating population mean and the proposed estimators performed well
when compare to the existing estimators. The Huber M-estimator has been used to estimate
the regression coefficient for the robust regression method. The other robust regression
methods, e.g., the Hampel (1971), Turkey (1977) methods can also be applied in the proposed
estimators when data is contaminated with outliers. The alternative estimators may be
beneficial in estimating population mean data with outliers.
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Abstract

Factors affecting a stock price in the Stock Exchange of Thailand have several factors, including the various
news. Hence, the concept of the daily stock price direction prediction from the Thai news content using the natural language
processing is studied so investors are able to forecast the stock price direction before the Stock Exchange of Thailand
operates. We made a study of the Thai news content with the tokenizer in Python version 3.7.1 from library pythainlp and
then classification model was used for finding the most accurate values of the model and the tokenizer. This study was
carried out the forecast of stock price direction in three days: 5th, 6th, and 7th February, 2020. One stock randomly chosen
used simple random sampling from the following five stock groups: the ICT group, the ENERG group, the HELTH group,
the COMM group, and the BANK group. The results revealed that the stock of Intouch Holdings Company (INTUCH
randomly chosen by the ICT group is an efficient Gradient Boosting Classifier model when it is compared with forecasting
and actual values of 100 %, the stocks of Thai Oil Public Company Limited (TOP) and Bumrungrad Hospital (BH),
randomly chosen by the ENERG group and the HELTH group respectively, are not able to give us efficient models when
they are compared with forecasting and actual values of 66.67 %. In addition, the stocks of CP ALL public company limited
of COMM group and the stock of Kasikornbank Public Company Limited of the BANK group are efficient KNeighbors

Classifier models when they are compared with forecasting and actual values of 66.67 %.
Keywords: natural language processing, classification model, stock, Pythainlp, news analysis
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Abstract

Melioidosis is caused by Burkholderia pseudomallei. This research paper involves the study of the
transmission of the melioidosis by formulating the mathematical model of melioidosis transmission in humans and
animals. Adding rainfall factor has an effect on proportion of infectious and symptomatic population. This
research was conducted to find the disease free, endemic equilibrium points and basic reproductive number (R, ).
Local stability analysis for the disease free equilibrium point with the condition Ry < 1 and the endemic
equilibrium point with the condition Ry > 1 was investigated using the Routh — Hurwitz condition. Moreover,
global stability of such equilibrium points was analyzed using the Lyapunov function. The numerical results show
that when the rainfall factor is high, it will increase the proportion of the infectious and symptomatic population.
Therefore, a rainfall factor has an impact on the Melioidosis outbreak in the population.

Keywords: melioidosis, mathematical model, equilibrium points, basic reproductive number, rainfall
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Abstract

The objective of this study was to construct a daily wind speed forecasting model at an altitude of 120
meters, Pak Phanang District, Nakhon Si Thammarat Province via the use of 4 statistical methods, namely, Box-
Jenkins method, Holt’s exponential smoothing method, Brown’s exponential smoothing method, and damped
trend exponential smoothing method. The average daily wind speed, which was gathered from the Research
Center in Energy and Environment, Thaksin University during January 1, 2015 to June 30, 2015 of 1,277 days
was divided into two datasets. The first dataset, which consisted of 1,248 days from January 1, 2015 to May 31,
2015 was used for constructing the forecasting models. The second dataset, which consisted of 30 days from June
1 —30, 2015 was used for comparing the accuracy of the forecasts via the criterion of the lowest root mean square
error (RMSE). The results indicated that the most accurate method was Box-Jenkins method (RMSE = 1.5556)
which the forecasting model was

Y, =0.82429Y, , +0.69963Y, , —0.80909Y, , +0.28517Y, , +0.22656¢, , —0.77254e, , .

Keywords: Average Wind Speed per Day, Forecasting Model, Box-Jenkins, Exponential Smoothing
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Abstract

Rising sea temperature have been obviously affected marine ecosystems and resources. This research
aims to investigate the spatio — temporal distribution and trends of sea surface temperature in the Gulf of Thailand
by using sea surface temperature data retrieved from Aqua MODIS from January 2003 to December 2017 (15
years). The results illustrated that the annual average sea surface temperature was normally between 29 to 31 °C
and increased by approximately 1 to 2 °C during the El Nifio condition, especially in the northern and southern
Gulf of Thailand. The increasing trend was between 0.02 and 0.06 °C/year and its variation depended on sub-

regions. High temporal variations were found in the upper Gulf of Thailand and along the coast of the lower gulf.

Keywords: Gulf of Thailand, Spatio — temporal distribution and trends, Sea surface temperature, Aqua MODIS
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Abstract

The wastewater treatment system of modified tapioca starch plant produces two major kinds of waste.
One is where waste starch sludge (WSS) from a primary sedimentation pond and the other is waste activated
sludge (WAS) from an activated sludge pond. They are suitable to use as substrates in anaerobic digestion for
biogas production. The results of these studies found that biogas and methane production with WSS at 382 and
225 L/kg TVS, > tespectively (methane content of 59%), had high potential. However, the single WSS digestion
risked to fail because of the volatile fatty acid accumulation, leading to the dramatic drop in pH. The single WSS
digestion may need pH adjustment during the digestion process. Also, it must be considered in an economic
feasibility and appropriateness when adding chemicals to adjust the pH in the digestion system. As the co-
digestion of WSS:WAS at 0.5:0.5 improved the system stability, but it obtained lower biogas and methane
production efficiencies of 196 and 127 L/kg TVS_,, .., respectively (methane content of 65%). These indicated that
the addition of WAS had the advantage to enhance the stability of anaerobic digestion. Therefore, there should be
further studied to increase the biogas and methane production efficiencies.

Keywords: modified tapioca starch, biogas, waste starch sludge, waste activated sludge
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1. YaqrsinuazauweilFlumsnaaes
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1.1 WAz noUuLle (Waste starch sludge: WSS) nuxnantennazneuiiesduinsesuringeanms
9 a [ a I J a 3 o Sld' a = o Y
dunszuaumsnaauazilgnsaisinin lagawardanuaznusnu 1ingungil 4 esrwaidea () 13
1 =) 1 SOI 4 o =) U
wnizldnanes Tasdndruaznoundezgndelifaitesn uazvioiion lnanemsdad
= 1 o I ] a
1.2 AZNOUTININIINTZULALNOUITI (Waste activated biosludge: WAS) N3N UNUDIANDINA
. . y o
YDITLVUAZNOWT WDLIOAT01F (Sequence batch reacto: SBR) enanIniimsguiilasen Tasiiundu
kY 3 U a [~ P a 4 A =
MINTBIAIBATLUNTIVUIA 30 mesh uazinulagenaradnuazinusnu Iinguugil 4°c imewson 13141y
MINABBY
g‘/ =) o o @ Sol = a % o v @
nueyaznouuila tazazneuFinmihinnszuuiiaindevedlsanunaaudaindnlndada
42 e e
wilshateglusininszees
I A 0 o o ¥ o =) .
1.3 Wavonl4lun1snaass (noculum) winszuuiiaindenungeeall (Up flow anacrobic
1 ' 2
sludge blanket: UASB) ¥0415301unann5oay Tudaniauunijs MM TETIUANVTUT VYD AFRININD
< o o o J 4 a L4
2.5% UDIUBIUUITLING (Total volatile solids: TVS) Faauiinuazin¥enldlunisnaasiinsinsz i
Y ¥4
dnvazauianeil A ANuTU ey (pH) sas1aIumSUeUae 114 Ta319% (Carbon to nitrogen ratio: C/N) 11ag

I 4 <
1WoTIFuAveIVDILAITLIHY (%TVS)
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k4 v
1. Yaguinuaziuyei A) WSS B) WAS C) noculum

s
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2. szunwiin Boimanuunilatuneulasd 1 §i3e1nIunannUUAeiio g (Continuous stirred tank reactor:
CSTR)
4 § v I 4 a 4 § : % 1 v a
danlFlumswinidudenanvuia 6 aas Az 24 Fedidsuaslumswiinen 5 aas 15uas
Y
YoITaauINABT 1TD 111N 60:40 Taol3u1as (3 8A3:2 Ans) nazvuannunduvesiagmin uagia
4 1
Fonldlunmsmin ity 1%TVS uag 2.5%TVS mud ey MnuasasidIuvesiaguiinaeriaie 1Ay
AzndULTIADAZABUTININ WSS:WAS 1A 1:0 (ruaznauutlaeg13@en), 0.7:0.3, 0.5:0.5, 0.3:0.7 1ag 0:1
= ' = ° v A Ay ' o = ) o A
(MZNOUTININBENUAYY) MINIHUNNYUNYUR 035211 25-30°C TABNNINIUNANAIIBATT 15 WITIAD
o ° v g Y 13 3 o ' S o " A 1 a % v A a ~
#1Tua shnmsminduna 15 Ju Taghmsiiudediannyamnudediioguinuninanduiions g i
a A d ' I 1 a @
Y AUITUTUNTADUNT 652IMe (Volatile fatty acids: VFA) Anuiilua1g (Alkalinity: ALK) taziin1sia
A o a o A da X v o9 < =2 <
gaviginieluds uazSuasmsdinmnnavuluudas TuA8 Gas counter (317 2B) 398 aNN151AY
o o oA A a o vy ~ Vo Y o 2 o
A70819NM 1IN INNBIAATITHMIAIT 08z YBIUMU TABANOMUWIINUYUAUNY (Tedlar bag) YUIA 2
1 Ed
dns nagrhmsinngdarfesazimudaoniesnalnsunlasns il 3 3nsedianuahauds Standard
methods for the examination of water and wastewater (American Public Health Association, 2017) § rwazioenly

MINAIIZHUAazININN03 aauaadlumsai 1

A aa a P ! N ¢
AI19N 1. '.]‘ﬁﬂ']i'Jlﬂi'wﬁslu!l,@]agw'ﬁ'llllﬁﬂi

RERIVELH CTRIGEREY ]
mm%u - Dried 103-105°C (Standard 2540B)
ey (pH) - pH meter (Mettler Toledo, Seven Easy, Switzerland)
YOIUTITLING (TVS) - Dried 550°C (Standard 2540E)
gasauveamsueude lulnsiou (C/N) - Total organic analyzer Ua¢ Kjeldahl method
ns ﬂﬁu“n'%sj'mm (VFA) - Titration method (Standard 5560B)
anuiluaig (ALK) - Titration method (Standard 2320B)
Wsmasmadinm - Gas counter
%’aﬂawmﬁ’wﬁmu - Gass Chromatography (Model Shimadzu GC-2014, Shimadzu Corp.,

Japan) with thermal conductivity detector

- Molecular sieve packed column (MS-5A, stainless steel, Outside
diameter 3 mm. Inside diameter 2.1 mm, Length 2 m.(Restesk Corp.,
USA),Temperature of injector, column and detector at 150, 80, and

200°C, respectively, Argon as carrier gas with flow rate 30 ml/m
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v 1 Y
51U 2. szpuwmiin 1o mauuunilaiuaey A) 63 CSTR B) Gas counter

3. msmnaszansmnlumswanmadimn uazdszansmnlumsmsmdaveandaszive

Uszaniamms lumdaia®anm (Likg TVS,,, ) = Cumulative Biogas (1)
TVSaddcd
Ty
Cumulative Biogas A9 151nasmadiamnansonan ldazay (L)
A H o < A a Y 1o v Y
TVS, ., A0 Mwinveieszmelauingowinldo1na (ke)
a A o v <
Uszansnmlumsmdnvedieszive (%) = (TVS, ., - TVS, ) x 100 @)
TVSinitial
Ty
] 2 ]
TVS,,,, A0 ANUINTUIRLiszMeiEuAumMsHIingos 158119 (mg/)
A Y 9 < 2 @ )
TVS, 10 ANUTNTUYOWTTzMeTUgamsvingos 1591016 (mg/1)

J
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o a o @ 4 = a
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= Y o J 4 1 A o I d @
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Y o @ YR 9 49! = J R Yo o
Puwasonns ldmmnzan dimsumsmindgesuuy 13emmniuaniimsuindeslaeldiaguiniu

iwbaznoUula HieAznoUFINIM 1esed1uRsl Falin1ge uazdunuly awdray

M990 2. anvazauiaved WSS Lag WAS

nines AN WAS
mm%u (%) 39.09+0.62 92.44+1.01
pH 4.48+0.01 6.50+0.03
TVS (%) 31.26+0.03 5.92+0.04
M358 C/N 242 4.27

2. szansmmlumswaamasimuuaz imu
Uszansamlunsrdamadinmlundazsadimsninges nuhsasdiniluduiisse s
Ho7 Sas1d Ay 1.0 annsonaamadinnidgagamity 382 ansden Tansuvewdszimoisudu
(Likg TVS, ) Meluiuii 4 veamawiin sesasnilusandiuifimsninimsenhasuaznouutaias
AzNeUTININ NSAT1dIN 0.7:03 uaz 1:1 HszdnTamlunisndamadinimmiiy 224 uaz 196 Likg

o Q/ § % 1 d'd = = 1 = ) = a g
TVS, . MWEAY Tuvaizidasidruniinig 19aznoudinmifissedradeiny lufimadinunadun
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szuuviin awdaslugzli 3 o1t wnndas1dIu CON vesTaguinfiaoud 1 emuINMIRD 4.27 Favi1g
@ J ~ o 1 ) [ a 4 = A 1w .
NBATIFIUNLULAITUHIIZEANAMSTUNITHAANIFTINIW NN IAY 20-30 (Dioha et al., 2013) 310
¢ o @ A g ¢ o ! Ao o 9 ¥ '
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mMsveulumMskaaMeiimu Y Nsa1@IUMINENIIN 1:0, 0.7:0.3 1ag 0.5:0.5 W6AI1EIU C/N 117 242,
o o & ' v A o 3 o , = <o a
79 uaz 42 MUAIAY Faganiszauinuni naaslfiiuddasidiu ON figeszuuidinsansanannias
= k4 [ U =~ A 5 1 Y [ B
Finwla Tavsasidiu ON fgaiioaninua lulason ualinansavdemsasandsan waz Tusaudauily

a

k4 L4 o a
Taseaf1uradueaaunsd (Deublein & Steinhause, 2011) Tagszuudinaamasaninla
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[ 500
e
8 382 .
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q% E 310
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E [2 20 224
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HANIIATIZH S 088 YBIMFTINUY A1915197 3 YeanNdATI@IUMINITN NI ABuT1egaTinIw
Y 1 9 Y ' @ = o 1 J W A =
mwnzey sazgua lunmaih Tl lddunvamasnunammu Famziihiesdlsznouvesmadinin asi
44 a 19 4 A o = a A a o
madimu lidesnitfesaz 50 (Ahmmad & Haque, 2014) lovihmsifsouiioutsz@namlunisnaane
= o q 9 = A =
tmuninmsndnuun lildeiniaeindansadua GUN 4 910015NUNIUITTUNTTUVOI (Cesaro &
Belgiomo, 2015) Taefitlsz@niamlumswanmaiimuegszning 80-418 Likg TVS,,,, 1986a5 1821 1:0 &
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3. ANNITMIMNUIAZIADYTNNUBITZTUD CSTR

gaungineluns CSTR veuazdnTdIUMInNn LaaInlgln 5 nudnguniegszning 30-35°C
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HeNnTanan LA NUYes T UM N0 WunaausasdamnInin (1:0, 0.7:0.3 g
0.5:0.5) Afewnieluge CSTR anasedsIadaniolu 3 SuvesmsningesTaolusud 2 vesmswinanas
Mﬂﬁqa Fanasaudmnsesuimineaudmiumsdoonuylilfermaaniziiladlan (pH 52¥1714 6.5-
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Taondaniuil 4 fivgandamasanmsasidiuves VEA/ALK Adanagaiiuesiann egsening 2.08-4.0
Wennsanduinuziihiuedamnnuiu (VEA/ALK Wiz au'13in2510u 0.4) (Bakili, 2014) 1951188311
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