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Lignocellulose biorefinery is a sustainable and
integrated approach to convert lignocellulosic biomass
into a variety of valuable products, including biofuels,
biochemicals, platform chemicals, and biomaterials
(Ruensodsai & Sriariyanun, 2022). Lignocellulosic
biomass is composed of three main components:
cellulose, hemicellulose, and lignin, which are tightly
interconnected in the plant cell wall. These components
are abundantly found in various renewable resources
such as grass, wood, municipal wastes, agricultural
residues, and dedicated energy crops. This concept
supports the circular economy concept and the
sustainable development goal (SDG), especially SDG
12, Responsible Consumption and Production. The
main benefit of lignocellulose biorefinery is not only to
gain the economic benefit of converting waste to
products, it also reduces the release of waste and
pollution to the environment (Panakkal & Sriariyanun,
2023).

Due to the recalcitrant structure and chemical properties
of lignocellulose biomass, the biorefining process to
convert biomass to a final product has low efficiency.
The main bottleneck of this process is the hydrolysis of
lignocellulose to monomers or oligomers of cellulose
hemicellulose and

lignin derivatives. Therefore,

the main steps in lignocellulose biorefinery generally

include pretreatment, hydrolysis, fermentation and

product recovery (Figure 1) (Phakeenuya &
Kitiborwornkul, 2024). Pretreatment methods are
employed to break down the physical and chemical
barriers, making cellulose, hemicellulose, and lignin
more accessible for subsequent processing, e.g.
hydrolysis. Various pretreatment methods have been
developed from lab scale to industrial scale operation
that are mainly categorized as chemical, physical,
biological, and combined methods. During hydrolysis,
enzymatic (such as cellulases and hemicellulases) or
chemical hydrolysis is used to break down cellulose into
glucose and hemicellulose into various sugars. The
resulting sugars, as oligomers or monomers, serve as
the building blocks for the production of biofuels,
biochemical and other value-added products. Then
microorganisms, such as bacteria or yeast, are employed
to ferment the sugars obtained from hydrolysis into
biofuels (such as ethanol) or high-value biochemicals.
Finally, the produced biofuels or biochemicals are
separated from the fermentation broth and purified by

various separation techniques, such as distillation,

chromatography, and membrane filtration.
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Challenges in Lighocellulose biorefinery
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Figure 1 Challenges in lignocellulose biorefinery for the production of value-added biochemicals.

Based on this scenario, a biorefining process of
lignocellulose is therefore multistep process, in which
each step should support each other to promote the
process efficiency. Therefore, the design of each step to
optimize efficiency should not interfere with the
downstream process. Ongoing research aims to improve
efficiency, reduce costs, and expand the range of
products obtained from lignocellulosic biomass and
various challenges have been indicated. For example,
some chemical pretreatment methods have a negative
impact on enzymatic hydrolysis. The chemical residues
of ionic liquid used in pretreatment impair cellulase
activities. Furthermore, during harsh acid pretreatment,
several byproducts, such as furfural, 5-HMF and acetic
acid, are formed that suppress the activities of cellulases
and microbes (Phusantisampan & Kitiborwornkul,
2022). In the case of enzymatic hydrolysis, it is
challenging to formulate cellulase and hemicellulase to
be compatible with various lignocellulose substrates.
Currently, commercial enzymes for biorefinery are
such as CelluClast 1.5L, CTec2, and
2023). To

available,
Accellerase 1000 (Panakkal et al,
maximize the utilization of glucans and xylans obtained
from cellulose and hemicellulose, co-fermentation is
offered by using Saccharomyces cerevisiae and Pichia
kudriavzevii, which are yeast strains that have strict
preferences on glucans and xylans, respectively
(Kirdponpattara et al, 2022). Furthermore, to make the
product recovery step economically feasible, the process
design should be done based on existing infrastructures,

facilities and

technologies to accelerate the commercialization.

Addressing these challenges requires ongoing research,
innovation, and collaboration across various disciplines
to make lignocellulose biorefinery more -efficient,

economically viable, and environmentally sustainable.
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ABSTRACT

Imports and exports are two vital issues of the Thai economy, which were ranked as the 23rd largest economy in the world
in 2020. Therefore, this research aimed to examine the Thai import and export volume trends (in million Baht) from January, 2010
to December, 2022. To conduct the analysis, the research employed Holt-Winters’ additive and multiplicative models, as well as
various seasonal ARIMA models. The models were evaluated using different selection measure criteria, and the results indicated that
the Holt-Winters’ multiplicative forecasting model was optimal for predicting both import and export volumes, as it produced the least
mean absolute error (MAE) and root mean square error (RMSE). Thus, it is recommended for future Thai imports and exports

forecasts. However, it is notable that the COVID-19 pandemic had a significant impact on the country’s imports and exports during

the 2019-2020 period.
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1. INTRODUCTION

Imports and exports are two crucial issues of the Thai
economy. In 2020, Thailand’s GDP makes it 23rd largest
economy in the world. Thailand was both a major exporter
and the 25th largest importer. Its imports and exports
constituted more than 130% of its GDP, according to the
world bank, 2022 (World Bank, 2022). Thailand’s top
10 exports comprised vehicles (including parts and
equipment), precious minerals and gems, and
computers (including components), while Thai top 10
imports included crude oil, machinery and components,
and electrical machinery and components, among
others, as per Thailand trade policy and strategy
(Tread Policy and Strategy office, 2022). To stimulate
economic growth, the Thai government has actively
encouraged exports through various policies and
initiatives, including the "Thailand 4.0” policy, which
seeks to transform the country’s economy from a
manufacturing-based to a value-based one by

emphasizing innovation, creativity, and technology. As

part of this strategy, the government has invested in
infrastructure and logistics to enhance the efficiency of
imports and exports, according to the OECD
(OECD, 2017). Moreover, to promoting exports, the
Thai government has also been striving to reduce the
country’s reliance on imports, especially for energy,
through the development of renewable energy sources
such as wind, solar, and biomass, as well as the
promotion of energy conservation and efficiency
measures, as stated by the Ministry of Energy, 2021
(Ministry of Energy, 2021).

Forecasting is a widely used method for predicting
uncertain future events using existing information. The
Holt-Winters’ method developed by (Winters, 1960)
is a seasonal time series model used to study the trend,
pattern and forecasting future events from time series
data. The model is an automatic forecasting framework
based on exponential smoothing where more weight is

assigned to recent values. It is either additive or

multiplicative based on the pattern shown by the time
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series plot. Many researchers have used Holt-Winters’
method to studied and forecast various events. For
example, (Mladenovi€¢ et al., 2016), analysed the
export trends of the Republic of Serbia during the period
of 2004 to 2014. Holt-Winters’ and ARIMA models
were the two models used in the study. The forecast
accuracy of the two models were compared for a period
of 12 months. In (Nieto et al., 2021), studied the
cargo volume trends of the ports of San Pedro Bay,
California, United States of America (USA) using data
from 2008 to 2016. Multiplicative Holt-Winters’ with
two other time-series models and one machine-
learning model were the models considered in the study.
The models forecast cargo through the ports of results
show that the multiplicative Holt-Winters’ model is the
best method to forecast imports and exports of bulk
cargo. In (Wongoutong, 2021) studied the effect on
forecasting accuracy of multiplicative and additive
Holt-Winters’ method using ten simulated datasets of
different seasonality trends. Five actual datasets, in
which it was difficult to distinguish the type of seasonal
component, were also considered in the study. The
results are in line with the significance of the correct
identification of the type of seasonality before applying
Holt-Winters’ method.

Autoregressive Integrated Moving Average (ARIMA)
model, developed by (Box & Jenkins, 1976), is the
most commonly used model in statistical analysis for
forecasting. The models are especially useful for
analyzing non-stationary time series data that can be
explained by its past observations or lagged values. It
utilizes autoregression (AR), moving average (MA),
and seasonal differencing to identify trends and generate
forecasts. The model building procedure involves
finding the differences in the series by generating
changes in the set {p, d, q, P, D, Q} to ensure that
stationarity is satisfied. Therefore, it is essential to test
the overall stationery to determine the appropriate
orders of the AR and MA components. This testing
procedure requires a powerful algorithm for iterative
estimation to reduce the computation burden. After
obtaining the estimated parameters of a tentatively

identified ARIMA model, diagnostic checking is

necessary to confirm that the model is adequate. To
select the optimal model, various statistical criteria such
as MAE, MAPE, RMSE, and MSE are used. These
measures provide information about the accuracy of the
forecasts generated by different models. The goal is to
choose the set of orders {p, d, q, P, D, Q} that produces
the smallest values of MAE, MAPE, RMSE, and MSE.
This approach is based on the statistical principle of
minimizing the error between the actual and forecasted
values. It involves identifying, estimating, and
diagnosing predictions using lagged moving averages to
smooth time series data. (Benvenuto et al., 2021).
The ARIMA can be modified to suit different models
based on different time series. Many researchers have
used ARIMA to forecast various events. For example,
(Benvenuto et al., 2021), studied the dynamics of
COVID-19 in India using ARIMA to determine both the
prevalence and incidence of the disease. In (Fattah et al.,
2018) adopted the ARIMA approach to forecast the
demand for finished products in food manufacturing. In
(Kamoljitprapa & Sookkhee, 2022), employed an
alternative technique, the Box-Jenkins time series
procedure, to forecast the total amount of CO, emissions
in Thailand from 2001 to 2020. In (Kaur & Rakshit,
2019), used suitable ARIMA methods for forecasting
the analysis of rainfall. In a context of the exports and
imports, ARIMA models are also play a vital role in these
area. For example, (Panday & Dhakal, 2020), studied
the use of ARIMA models to forecast exports and imports
in Nepal's agricultural sector and found that ARIMA
models provided more accurate forecasts compared to
other techniques. In (Oghenekevwe & Mercy, 2021),
used ARIMA models to forecast Nigeria’'s export and
import performance in the agricultural sector and found
that ARIMA models could accurately predict export and
import trends. Therefore, forecasting techniques such as
the ARIMA and Holt-Winters’ methods can
significantly contribute to a country’s economy by
providing a roadmap for sustainable trade growth and
development. Policymakers and stakeholders can make
informed decisions about their imports and exports,

which can significantly contribute to a country’s

economy.
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2. MATERIALS AND METHODS

The time series data used in this study was collected by the
Information Communication Technology Center, Office of
the Permanent Secretary, Ministry of Commerce, spanning
from January 2010 to December 2022 (a total of 132
months) (Office of the Permanent Secretary, 2023). The
models used 120 months for training data and the last 12
months were used for the test set. The R software was
utilized to estimate the model parameters and perform

diagnostic tests to validate the models.

2.1 Holt-Winters’ Method

The Holt-Winters’ method (Winters, 1960), is a seasonal
time series model used to study the trend, pattern and
forecasting future events from time series data where recent
values are assigned more weight (Chatfield & Yar,
2014). The model is either additive or multiplicative
based on the pattern shown by the time series plot.

The additive model is generally stated as;

J,=0(=5,)+(1=0)(J. +H,),

Hz :ﬂ("]l _thl)+(l_ﬂ)HH )

S =2(y

t

The multiplicative model is generally stated as;

j/ = 5L+(1_5)(j171 +hr—|)
s )

-p

h=B(j,=j.)+(1-B)h.,

t .

s = /1%+(1—/1)SH) ,

where 0<6<1, 0<f<1, 0<A<l: ¢,f and 1
are the smoothing parameters, J; is the smoothed level
at time t, H; is the change in the trend at time t, S; is
the seasonal smooth at time t, p is the number of
seasons per year. The Holt-Winters’ algorithm requires

starting value for each of the component values. Most

commonly are:
1
j, :;(y, +,44Y,),

l yp+l_yl+yp+2_y2+”'+yp+p_yp
p P p p

h:

P

The formulas for linear and trend component are the
same for both additive and multiplicative models as

shown:

s:Y—L,

1 1

SZ :YZ_jp El Sp :Yp_jp
(seasonal component for additive model),

Y Y f
5= 5, = s =+

1 »

J,
(seasonal component for multiplicative model).

So, the forecast model for time period is shown in

Eq. (1),

F+p :Jz +pHr +S1+pfl . (1)

t

2.2 ARIMA (Box and Jenkins) Model

The model combines the autoregressive (AR) and
moving average (MA) concepts and can be denoted by
ARIMA (p, d, q), where p represents the order of the
AR component, d is the order of differencing, and q
represents the order of the MA component. Eq. (2)
presents the general form of the ARIMA model:

4,(B)(1-B) x,=6,(B)z, (2

where ¢,, and 94 are the AR and MA characteristic

operators, and are represented by:

¢p(3):1-zi:¢g3f —1-4B-¢B -.~4,B

0,(B)=1-Y.0B =1-0B-08 -..~ 0"

respectively. Here, B is a backward shift operator that
shifts the time series data back by one time period,
B (y,) =Y., and ¢ is the forecasting error term.

For seasonal time series data, a seasonal ARIMA
model, denoted by ARIMA (p, d, q) (P, D, Q) is
commonly used. Eq. (3) shows the seasonal ARIMA
model, which includes the seasonal AR and MA
components, as well as the seasonal differencing

parameter, D:
8,(B)e, (B)(1-B') y,=06,(B)7,(8 )z (3)

where @, (Bv)and Vo (B) are the seasonal AR and MA

characteristic operators respectively,
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[0)

P

(B')=1-0B -0,B" -..0,B"
Y, (B') =1-yB ~y,B"~.y,B"

and [ is the sub index that stands for the seasonal
period. The orders of the seasonal AR, MA, and
differencing components are denoted by P, Dand Q,
respectively.

In summary, the ARIMA model provides a useful
framework for modeling non-stationary time series
data, and the inclusion of seasonal components in the
model can further improve its accuracy and predictive

power.

2.3 Model Evaluation
In the context of forecasting, the occurrence of errors is
inevitable. To minimize these errors and ensure a high
level of accuracy, several measures, such as the mean
absolute error (MAE) and root mean squared error
(RMSE) are commonly used and are used in this study.
The MAE evaluates the average magnitude of the
errors in a set of predictions, without considering their
direction. It is calculated as the average of the absolute
differences between the predicted values ($;) and actual
values (y;) across the number of observed values (n).
The weights assigned to each individual difference are

equal. The MAE can be calculated as shown in Eq. (4),
1 -
MAE=—D )y, (4)
izl

RMSE, on the other hand, is a quadratic scoring
rule that also assesses the average magnitude of the
error. It is computed as the square root of the average
of the squared differences between the predicted and

actual values. The RMSE can be calculated as shown in

Eq. (5),

1 N2
RMSE = |~ (v,~7,) (5)

ni

3. RESULTS AND DISCUSSION
As depicted in Figure 1 the trend of Thailand’s imports

and exports over the past 12 years has been

characterized by an overall upward trajectory

punctuated by fluctuations. Specifically, Thailand’s

imports exhibited a downward trend from 2012 to

2016, followed by an upward trend from 2016 to
2019. Conversely, Thailand's exports have shown a
consistent increase over time, albeit with occasional
downturns. It is noteworthy that both imports and
exports experienced a sharp increase in value around
mid-year 2020. Again, the pandemic had a noticeable
effect, with a decline in imports during the 2019-2020
period. Therefore, the graphs of both imports and
exports series exhibited the non-stationarity at a level.

Moreover, Figure 2 and Figure 3 show that the
magnitude of the seasonal component does not change
with time; thus, a multiplicative decomposition is more
appropriate. Hence, multiplicative Holt-Winters’ model
handles the data efficiently. Furthermore, Table 1
shows that the MAE and RMSE values obtained using
this model satisfy the forecasting error criteria outlined

in Section 2.

Table 1 The computed forecasting errors for the imports and exports using

additive and multiplicative Holt-Winters’ models

Model MAE (x 10%) RMSE (x 10*)
Imports:
Additive seasonal 3.55 4.71
Multiplicative seasonal 2.65 3.38
Exports:
Additive seasonal 3.54 4.21
Multiplicative seasonal 2.57 3.33

The comparison of the fitted values using the
additive and multiplicative Holt-Winters’ models with
the actual values are shown in Figure 4 and Figure 5
for imports and exports, respectively. Both graphs
satisfy the assumption of constant variance and
independence normality, yet it is clear that Holt-
Winters’ multiplicative model (red line) follows the
actual trend more closely than Holt-Winters’ additive
model (blue line). The analysis also involves looking

at the Autocorrelation Function (ACF).

Table 2 The computed of forecasting errors for the imports and exports using

ARIMA model
MAE RMSE
Model B B
(x10%) (x10%)
Imports: ARIMA(3,1,0)(0,0,1),, 3.58 4.86
Exports: ARIMA(0,1,1)(0,0,2),, 3.30 4.23
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Figure 7 Actual and predicted values of Thailand’s exports using ARIMA(0, 1, 1)(0, 0, 2),, model (a) and the evaluation of the model accuracy (b)

We also applied the ARIMA method by first
stationarized the time series data and tested various
combinations of the parametric orders {p, d, q, P, D,
Q} to determine the best-fitted models. Our findings
the recommended models

indicate  that

ARIMA(3,1,0)(0,0,1),, and ARIMA(0,1,1)(0,0,2),,

are

for imports and exports, respectively. The predicted
values align closely with the actual values, as shown in
Figure 6 and Figure 7, and the proposed models exhibit
small residuals that of

satisfy the assumptions

independence, normality, and homoscedasticity.
However, upon comparing the MAE and RMSE values
presented in Table 2 for the ARIMA models with those
obtained from the Holt-Winters’ method, we observed
that the multiplicative model produced lower error
values. Thus, based on our results, the multiplicative
Holt-Winters’ model is the optimal choice for
forecasting Thailand’s imports and exports in this study.
the discussion,

Regarding the optimal model

selected, the multiplicative Holt-Winters’ model, was
used to predict monthly imports and exports values for
the year 2022 and compare them with the actual values,
which are presented in Table 3. Again, the overall
predicted values by the models are consistent with the
The models confirm their accurate

actual values.

prediction and successfully captures the changing trend

of imports and exports. Additionally, Table 4 and
Figure 8 display the forecasting values (blue line) for
12 periods of the year 2023. The forecasts show rapid
fluctuations, with both decreasing and increasing trends.
While the point forecasts indicate a downward trend,
the prediction intervals allow for potential downward
movement in the data during the forecast period for both
imports and exports. Also shown in Figure 8, the shade
represents the 80% confidence interval (dark grey) and

the 95% confidence interval (light grey).

4. CONCLUSION

In conclusion, based on the analysis and visual plots,
multiplicative Holt-Winters’ forecasting model exhibits
the least MAE and RMSE for both Thailand’s imports
(2.65 x 10" and 3.38 x 10") and exports (2.57 x 10"
and 3.33 x 104) datasets from January, 2010 to
December, 2022, compared to additive Holt-Winters’
model and seasonal ARIMA model. This model
considers not only the dependence on the time series but
also the interference of seasonal component, resulting
in a relatively high prediction accuracy of long-term
trends, which is often used in the field of economic
forecasting (Hyndman & Athanasopoulos, 2021).

Therefore, the model is recommended for future Thai

import and export forecasts.
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Table 3 Comparison of actual and predicted import and export values (in Million Bath) using optimal model, multiplicative Holt-Winters’ model, for the year 2022

Imports Exports
Month
Actual value Predictive value Residuals Actual value Predictive value Residuals
January 796,295.6 851,788.8 -0.0651 706,715.7 741,745.4 -0.0472
February 772,456.5 763,243.3 0.0121 771,032.5 770,822.2 0.0003
March 869,554.1 890,302.4 -0.0233 922,2717.2 840,113.8 0.0978
April 842,640.8 837,099.4 0.0066 781,925.0 754,351.1 0.0366
May 919,987.4 894,090.4 0.0290 854,264.7 848,356.8 0.0070
June 957,595.3 907,489.6 0.0552 905,744.9 869,202.1 0.0420
July 968,939.5 963,008.0 0.0062 829,028.8 855,766.2 -0.0312
August 1,026,653.5 1,012,311.9 0.0142 861,169.2 885,671.2 -0.0277
September 929,731.9 1,003,353.6 -0.0734 888,371.1 876,639.3 0.0134
October 832,874.8 989,734.3 -0.1585 801,273.4 856,394.9 -0.0644
November 907,142.7 926,844.8 -0.0213 846,190.5 823,913.6 0.0270
December 823,081.5 892,417.6 -0.0777 776,323.6 808,601.7 -0.0400
Table 4 Forecasting import and export values (in Million Bath) using optimal model, multiplicative Holt-Winters’ model, for the year 2023
Imports Exports
Month
Forecasting 95% CI. Forecasting 95% CI.

January 904,933.5 766,776.5, 1,043,090.5 753,002.3 672,088.5, 833,916.1

February 821,210.0 680,902.6, 961,517.3 801,268.8 705,144.8, 897,392.8

March 936,871.4 757,884.9,1,115,857.9 873,162.0 758,5632.1, 987,791.9

April 876,538.5 689,815.0, 1,063,262.0 747,752.5 641,802.7, 853,702.3

May 919,255.8 701,763.6, 1,136,748.1 825,971.6 700,935.3, 951,007.9

June 906,163.3 669,103.0, 1,143,223.6 843,371.4 70,8026.0, 978,716.9

July 921,168.7 655,931.2, 1,186,406.1 813,393.4 675,858.4, 950,928.5
August 947,892.7 648,857.6, 1,246,927.8 855,085.5 703,502.5, 1,006,668.5
September 916,201.6 600,902.9, 1,231,500.4 858,153.2 699,317.0, 1,016,989.4

October 920,504.1 576,369.0, 1,264,639.2 832,814.5 672424.7, 993,204.3

November 921,810.5 548,874.8, 1,294,746.1 827,651.2 662286.9, 993,015.4

December 891,906.9 502,832.3, 1,280,981.6 801,518.3 635799.8, 967,236.9

Notably, the COVID-19 pandemic had a significant
impact on the country’s imports and exports, resulting
in a modest decline in the years 2019 to 2020 and a

subsequent sharp increase in 2021. While Thailand’s

Thailand Imports Forecasting

trade patterns have been generally favorable over the
past decade, the COVID-19 pandemic has posed
significant challenges to the country’s import and export

industries, as evidenced by the fluctuations in the data.

Thailand Exports Forecasting
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Figure 8 Forecasting values for Thailand’s (a) imports and (b) exports using optimal model, multiplicative Holts-Winters’ model, for the year 2023
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ABSTRACT

Count data with non-zero values can be modeled using the zero-truncated Poisson-Shanker distribution in a variety of
situations. However, the confidence interval estimation for the parameter has not yet been examined. In this paper, confidence interval
estimation based on percentile bootstrap, simple bootstrap, biased-corrected and accelerated bootstrap, and bootstrap-t methods was
examined in terms of coverage probability, lower and upper error rate, and average interval length through Monte Carlo simulation.
The simulation results indicate that attaining the nominal confidence level using the bootstrap methods were not possible for small
sample sizes, regardless of the other settings. Furthermore, in cases when the sample size was large, there was no significant difference
observed in the performances of the all methods. In several scenarios, the bias-corrected and accelerated bootstrap method exhibited
superior performance compared to the other methods. Last, we used the bootstrap methods to calculate the confidence interval for the
parameter of the zero-truncated Poisson-Shanker distribution via three numerical examples, and the results of these examples matched

those from the simulation study.
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1. INTRODUCTION frequently employed to model the number of

The Poisson distribution is a discrete probability ~ occurrences under the assumption that events are

distribution that quantifies the likelihood of a certain ~ independent and occur at a constant rate. In real

number of events taking place within specified time or ~ Situations, however, this assumption may not always

spaces. (Kissell and Poserina, 2017; Siegel and hold true. The typical Poisson distribution may be

Wanger, 2022). This distribution is used to model data ~ inadequate if the underlying rate of occurrence is

heterogeneous or variable. The mixed Poisson

like the number of orders a firm will receive tomorrow,

the number of people who will apply for a job  distribution lets the rate parameter be random, dealing

tomorrow, the number of defects on a finished product, with this constraint. Instead of having a constant rate

the number of confirmed COVID-19 cases per day, the parameter, the rate parameter is assumed to follow a

number of customers entering a post office on a given  Certain distribution.

day, etc. (Siegel, 2016; Ross, 2006). Shanker ( 2016) introduced the mixed Poisson

The probability mass function (pmf) of a Poisson

distribution is defined as

e

p(x;A)= , x=0,1,2,... ;4>0 (1)

where e is a constant approximately equal to 2.71828
and A is the mean number of events within a given

interval of time or space. The Poisson distribution is

distribution known as the Poisson- Shanker ( PS)
distribution and investigated its mathematical and
statistical ~ properties. Combining the Poisson
distribution and the Shanker distribution ( Shanker,
2015) yields this distribution. When the Poisson
parameter A follows a Shanker distribution, the

Poisson distribution gives rise to the PS distribution
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('Shanker, 2016). The pmf of the PS distribution is
given by

0 x+(@*+6+1)
6> +1 (O+D)™

Po(x;0) = L x=012,. :050. (2)
The mathematical and statistical properties of the PS
distribution for modeling count data were established by
Shanker (2016). When applied to several real-world
data sets, the PS distribution proved to be more
appropriate than the Poisson and Poisson-Lindley
(Sankaran, 1970) distributions.

The Shanker distribution was introduced by Shanker
(2015) as a lifetime continuous distribution with a

probability density function (pdf) defined as

2
29 (0+2)e™, 2>0,0>0.
0° +1 (3)

It is a composite of an exponential distribution with a

S (4:0)=

scale parameter €, and a gamma distribution with a
shape parameter 2 and a scale parameter €, with
respective proportions 6° /(6> +1) and 1/(6° +1).
Shanker (2015) showed that the pdf in Eq.(3)
provides a better model than the exponential and
Lindley (Lindley, 1958) distributions for modeling
lifetime data.

The probability model of PS distribution can be
utilized to analyze data that contains both zero and
positive values with low occurrence probabilities within
a predefined time or area range (Sangnawakij, 2021).
However, probability models can become truncated
when a range of possible values for the variables is
either disregarded or impossible to observe. Zero
truncation is commonly employed when analyzing count
data without zeros. David and Johnson (1952)
developed the zero-truncated (ZT) Poisson (ZTP)
distribution, which has been applied to datasets such as
the length of hospital stays, the number of published
journal articles across various disciplines, the number
of children ever born to mothers over 40 years old, and
the number of passengers in cars (Hussain, 2020). A

ZT distribution’s pmf can be derived as

pco) =25 W
1-p,(0;0)

where  p,(x;0) is the pmf of the un-truncated
distribution. Shanker (2017) proposed the zero-
truncated Poisson-Shanker (ZTPS) distribution and its
properties, such as the moment, coefficient of variation,
skewness, kurtosis and the dispersion index. The
method of moments and the maximum likelihood have
also been derived for estimating its parameter.
Furthermore, when the ZTPS distribution was applied
to real data set, it was more suitable than the ZTP and
zero-truncated Poisson-Lindley (ZTPL) (Shanker et
al., 2015) distributions.

To our knowledge, no research has been conducted
to estimate the confidence interval for the ZTPS
distribution parameter 6. Bootstrap methods provide a
way to estimate confidence intervals by quantifying
uncertainties in statistical inferences based on a sample
of data. The concept is to run a simulation study based
on the actual data for estimating the likely extent of
sampling error (Wood, 2004 ). Therefore, the objective
of the current study is to assess the efficiencies of four
bootstrap methods, namely the percentile bootstrap
(PB), the simple bootstrap ( SB), the bias- corrected
and accelerated (BCa) bootstrap, and bootstrap-t (B-
t) to estimate the confidence interval for the parameter
() of the ZTPS distribution. Due to a theoretical
comparison is not possible, a simulation study was
conducted to compare their performance and used the
results to determine the best performing method based
on the coverage probability, lower and upper error rate

and the average length.

2. THEORETICAL BACKGROUND
Compounding probability distributions is a robust
and innovative technique for obtaining new probability
distributions that better fit datasets not adequately
modeled by common parametric distributions. Shanker
(2017) proposed a novel compounding distribution by
combining the Poisson distribution with the Shanker
distribution, aiming to find a more flexible model for
analyzing statistical data. The pmf of the PS distribution

is given in Eq.(2).
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Figure 1 The plots of the pmf of the ZTPS distribution with =0.5, 1, 1.5, and 2.

Table 1 Empirical coverage probability and average length of the 95% bootstrap confidence intervals for the parameter of the ZTPS distribution

9 Coverage probability Average length
n
PB SB BCa B-t PB SB BCa B-t
10 0.25 0.900 0.885 0.912 0.900 0.2795 0.2801 0.2552 0.2328
0.5 0.882 0.879 0.881 0.867 0.7057 0.7049 0.6318 0.5155
1 0.879 0.858 0.883 0.786 2.2385 2.2524 2.0565 1.2764
1.5 0.920 0.846 0.928 0.750 3.9184 3.9368 3.9010 2.9430
2 0.961 0.833 0.953 0.716 5.1095 5.1023 5.0118 4.7787
30 0.25 0.923 0.921 0.921 0.920 0.1453 0.1450 0.1400 0.1379
0.5 0.939* 0.918 0.944* 0.933 0.3184 0.3183 0.3056 0.2979
1 0.912 0.898 0.923 0.907 0.8177 0.8211 0.7607 0.7073
1.5 0.926 0.903 0.933 0.909 1.6302 1.6218 1.4655 1.2649
2 0.897 0.899 0.903 0.919 3.2230 3.2036 2.7655 2.2254
50 0.25 0.944* 0.929 0.940* 0.932 0.1112 0.1112 0.1089 0.1081
0.5 0.938 0.933 0.940* 0.932 0.2438 0.2437 0.2377 0.2344
1 0.928 0.918 0.931 0.923 0.5870 0.5875 0.5643 0.5429
1.5 0.934 0.907 0.941* 0.922 1.1121 1.1118 1.0438 0.9744
2 0.941* 0.908 0.934 0.924 1.8518 1.8520 1.7044 1.5345
100 0.25 0.948* 0.942* 0.943* 0.948* 0.0777 0.0776 0.0769 0.0767
0.5 0.939* 0.940* 0.939* 0.939* 0.1699 0.1696 0.1677 0.1667
1 0.936 0.943* 0.941* 0.941* 0.3998 0.3999 0.3922 0.3855
1.5 0.960* 0.949* 0.958* 0.952* 0.7267 0.7271 0.7061 0.6844
2 0.938 0.921 0.936 0.929 1.1647 1.1686 1.1229 1.0735
500 0.25 0.941* 0.947* 0.934 0.946* 0.0346 0.0345 0.0344 0.0344
0.5 0.944* 0.943* 0.948* 0.945* 0.0747 0.0746 0.0745 0.0743
1 0.960* 0.950* 0.955* 0.955* 0.1740 0.1742 0.1736 0.1733
1.5 0.948* 0.959* 0.948* 0.953* 0.3109 0.3114 0.3089 0.3087
2 0.949* 0.938 0.948* 0.949* 0.4705 0.4709 0.4659 0.4638

* represents the empirical coverage probability is greater than or equal to the nominal confidence level.
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ZTPS distribution (Shanker, 2017) with parameter &,
it is denoted as X ~ ZTPS(0). Using Egs. (2) and
(4), the pmf of the ZTPS distribution can be obtained

as

6 x+(6*+0+1)

- , x=1,2,3,..50>0.
+0°+20+1 @+1)"

p(x0)=—

Figure 1 shows the graphs of the pmf of the ZTPS
distribution with some specified parameter values &.
We noticed that the parameter values & affect the form
of Figure 1. When the parameter value is larger, the
p(1) is larger and p(x) — 0 for the large value of x.

The expected value and variance of X are as follows:

0+1)(0" +6° +20+2
B(x)= =800+ )
0(6° +6> +20+1)
and
Var(X):O.z:(9+1)(¢9"+295+694+993+1092+8¢9+2).

6*(6° +6* +20+1)

The point estimator of @ is obtained by maximizing
the log-likelihood function logL(x;;6) or the
logarithm of joint pmf of X,..., X . Therefore, the
maximum likelihood (ML) estimator for @ of the

ZTPS distribution is derived by the following processes:

P . . |
——— |- ) x,log(0+1 log| 0 +0+1
5 0‘+02+26+1] ;(, og( +)+;og[r,+( + +):|}

wm n(30°+20+2) iz g 2041

2y
0 (0+0+20+1) 0+1 Tx+(0*+0+1)

o o
qilogL(x,;H) :L{nlog(
0 00

Solving the equation %log L(x;;60)=0 for 0,

we have the non-linear equation

wm n(30°+20+2) %

< 20 +1

n
where X = le. / n denotes the sample mean. Since
i=1

the ML estimator for 6 does not provide the closed-
form solution, the non-linear equation can be solved by
numerical iteration methods such as Newton-Raphson
method, bisection method and Ragula-Falsi method. In
this research, we use maxLik package (Henningsen and
Toomet, 2011) with Newton-Raphson method for ML
estimation in the statistical software R. The R code for
estimating the parameter of the ZTPS distribution is

shown in Appendix.

— + =
0 (0°+0+20+1) 0+1 Fx+(67+0+1)

3. BOOTSTRAP METHODS
Confidence intervals are obtained from a parametric
estimator of the standard errors of a quantity of interest
@. Then, the (1—)100% confidence interval for ¢
is obtained by adding or subtracting the standard error
(for

¢?J_r Zi (amSE (q;) ). This calculation assumes that the

multiplied by a critical value example,
distribution of the estimator of ¢ is approximately
normal (Flowers—-Cano et al., 2018). However, there
are several situations in which the assumption of
normality is violated. In these cases, or when the
standard error is very difficult to estimate, one
alternative is to use techniques based on the bootstrap
method (Van den Boogaard and Hall, 2004). The
computer—intensive bootstrap methods described in this
study provide an alternative for constructing
approximate confidence intervals without assuming the
underlying distribution (Meeker, 2007). Furthermore,
it is essential to note that the score function of ZTPS is
complicated, and the maximum likelihood has no closed
form. Therefore, likelihood-based, score, and Wald-
type confidence intervals have no closed forms. In such
cases, finding these confidence intervals can be
challenging; alternative methods, such as numerical
techniques or resampling methods like the bootstrap,
can be utilized.

In this paper, we focus on the four bootstrap
methods for estimating confidence interval for the
parameter of the ZTPS distribution. In practice, the
=gopular bootstrap methods are the percentile bootstrap,
the simple bootstrap, the bias-corrected and accelerated
bootstrap and bootstrap—t methods. See the details of
some bootstrap methods in DiCiccio and Efron (1996)
and Manoharan et al. (2017).

3.1 Percentile bootstrap (PB) method
The PB two-sided confidence interval is the range
between the (a/2)x100 and (1—(a/2))x100

percentiles of the resampled distribution of @

estimations or the distribution of &, where @
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Table 2 Lower and upper error rates of the 95% bootstrap confidence intervals for the parameter of the ZTPS distribution

Lower error rates

Upper error rates

n 0
PB SB BCa B-t PB SB BCa B-t
10 0.25 0.077 0.005 0.0567 0.044 0.023 0.110 0.031 0.056
0.5 0.101 0.002 0.085 0.079 0.017 0.119 0.034 0.054
1 0.100 0.000 0.089 0.159 0.021 0.142 0.029 0.055
1.5 0.060 0.000 0.040 0.180 0.020 0.154 0.032 0.070
2 0.002 0.000 0.001 0.207 0.038 0.167 0.045 0.077
30 0.25 0.056 0.008 0.045 0.042 0.021 0.071 0.034 0.038
0.5 0.038 0.004 0.023 0.027 0.023 0.078 0.033 0.040
1 0.067 0.000 0.047 0.051 0.021 0.102 0.030 0.042
1.5 0.0567 0.000 0.042 0.054 0.017 0.097 0.025 0.037
2 0.089 0.000 0.069 0.042 0.014 0.101 0.028 0.039
50 0.25 0.035 0.007 0.032 0.024 0.021 0.064 0.028 0.044
0.5 0.041 0.002 0.030 0.031 0.021 0.065 0.030 0.037
1 0.048 0.000 0.035 0.034 0.024 0.082 0.034 0.043
1.5 0.049 0.000 0.033 0.044 0.017 0.093 0.026 0.034
2 0.044 0.000 0.038 0.041 0.015 0.092 0.028 0.035
100 0.25 0.031 0.013 0.032 0.025 0.021 0.045 0.025 0.027
0.5 0.039 0.010 0.030 0.029 0.022 0.050 0.031 0.032
1 0.049 0.003 0.035 0.036 0.015 0.054 0.024 0.023
1.5 0.030 0.000 0.022 0.026 0.010 0.051 0.020 0.022
2 0.044 0.000 0.034 0.039 0.018 0.079 0.030 0.032
500 0.25 0.040 0.024 0.042 0.035 0.019 0.029 0.024 0.019
0.5 0.030 0.019 0.027 0.028 0.026 0.038 0.025 0.027
1 0.023 0.015 0.020 0.022 0.017 0.035 0.025 0.023
1.5 0.042 0.017 0.040 0.036 0.010 0.024 0.012 0.011
2 0.018 0.003 0.015 0.015 0.033 0.059 0.037 0.036
Table 3 The descriptive measures of the number of unrest events
Min Mean Median Var Skewness Kurtosis Q1 Q3 Max
1.000 6.714 6.000 17.915 0.546 2.183 3.750 9.500 15.000
Table 4 The the log-likelihood (Log L), AIC and BIC for the number of unrest events
Distribution Log L AIC BIC
ZTPS -77.328 156.657 157.989
ZTPL -77.552 157.104 158.436
Poisson -86.529 175.057 176.390
Table 5 The number of unrest events in the southern border area of Thailand
Number of unrest events 1-3 4-5 6-7 28
Observed frequency 7 6 7 8
Expected frequency 8.7702 5.3505 4.2138 9.6656
Table 6 The 95% confidence intervals and their corresponding lengths for the parameter in the unrest events example, using all intervals
Methods Confidence intervals Lengths
PB (0.2463, 0.4023) 0.1560
SB (0.2102, 0.3651) 0.1549
BCa (0.2430, 0.3946) 0.1516
B-t (0.2375, 0.3818) 0.1443
Table 7 The descriptive measures of the number of fertile mothers
Min Mean Median Var Skewness Kurtosis Q1 Q3 Max
1.000 1.607 1.000 1.091 1.941 6.446 1.000 2.000 6.000
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significance (e.g., a= 0.05 for 95% confidence
intervals) (Efron, 1982). Obtaining a PB confidence
interval for @ is as follows:

1) With a replacement, B random bootstrap
samples of the underlying distribution are created,
where B is the number of bootstrap replications,

2) From each bootstrap sample, a parameter
estimate é* is determined,

3) All parameter estimates from the B bootstrap
are ranked from lowest to highest, and

4) The (1—a)100% PB two-sided confidence
interval for @ is created as follows:

CIPB = [é(i) > é(i) ] > (5)

where 0(’;) is the 7" quantile of a set of quantiles

A

ordered from lowest to highest, 0

) 18 the s™ quantile

of the r=[(a/2)B],
s = [(1 —(a/ 2))B], and 1—a is the confidence
level. This study utilized B = 1,000 and a = 0.05;

same set,

the quantile corresponding to the lower limit of the

s

‘ ‘ ~ «
confidence interval was 6 . =6

) 25)» and the quantile

=0

(975)*

A

corresponding to the upper limit was 9(1)
3.2 Simple bootstrap (SB) method

The SB method is as straightforward to implement as
the PB method and is sometimes referred to as the
simple bootstrap method. Consider the quantity of
interest to be @ and the estimator of @ to be 6. The
straightforward bootstrap method implies that the
distributions of 9—9 and é* —é are roughly
equivalent (Meeker et al., 2017). The (1—a)100%

SB two-sided confidence interval for € is

where the quantiles H(r) and H(S) represent the same

percentile of the empirical distribution of bootstrap

estimates @ that are utilized in Eq. (5) to calculate
the PB confidence interval.

3.3 Bias-corrected and accelerated (BCa) bootstrap
method

The calculation of BCa bootstrap confidence intervals

commonly involves the utilization of influence statistics

derived from jackknife simulations. However,
incorporating jackknife simulation alongside ordinary
bootstrapping is computationally expensive for the
intended purposes. The BCa bootstrap confidence
interval uses a bias- correction factor and an
acceleration factor to correct for the bias and skewness
of the bootstrap parameter estimates, mitigating the
over- coverage problems seen with the PB confidence
interval ( Efron, 1987; Efron and Tibshirani, 1993).
Davison and Hinkley ( 1997) and Chernick and
LaBudde ( 2011)  described the mathematical
particulars of the BCa adjustment. The bias- correction
factor 20 calculated as the proportion of bootstrap

estimates that are smaller than the original parameter

N :@1(#{9 sa}}

B

A

estimate @,

where ® 7' is the inverse function of a standard normal

(e g,
®7'(0.975) ~1.96). The acceleration factor 4 is

cumulative distribution function
estimated through jackknife resampling, also known as
‘leave- one-out’ resampling. This technique involves
generating n replicates of the original sample, where
n represents the number of observations in the sample.
The initial jackknife replicate is derived by excluding
the first case (f=1) from the original sample.
Subsequently, the second replicate is obtained by

excluding the second case (i =2), and this process

continues until 7 samples of size #—1 are generated.
The value of 9(71.) is obtained for each of the jackknife

resamples. The mean of these estimates is denoted by

n
9(,) =Ze(_,.) / n. The acceleration factor 4 is then

i=1

determined as follows:

With the values of 20 and a, the values &, and «,

are calculated,
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Table 8 The the log-likelihood (Log L), AIC and BIC for the number of fertile mothers

Distribution Log L AIC BIC
ZTPS -143.976 289.951 292.856
ZTPL -144.091 290.182 293.087

Poisson -191.055 384.110 387.015

Table 9 The number of fertile mothers who have experienced at least one child death

Number of child deaths 1 2 3 >4
Observed frequency 89 25 11 10
Expected frequency 83.4756 32.3839 12.2451 6.8953

Table 10 The 95% confidence intervals and their corresponding lengths for the parameter in the demographic example, using all intervals

Methods Confidence intervals Lengths
PB (1.5810, 2.5710) 0.9900
SB (1.3739, 2.3301) 0.9562
BCa (1.5567, 2.4995) 0.9428
B-t (1.5527, 2.4537) 0.9010

Table 11 The descriptive measures of the number of flower heads as per the number of fly eggs

Min Mean Median Var Skewness Kurtosis Q1 Q3 Max

1.000 3.034 3.000 3.344 0.812 3.135 1.750 4.000 9.000

Table 12 The the log-likelihood (Log L), AIC and BIC for the number of flower heads as per the number of fly eggs

Distribution Log L AIC BIC
ZTPS -167.154 336.308 338.785
ZTPL -167.381 336.763 339.240
Poisson -171.281 344.561 347.039

Table 13 The number of flower heads as per the number of fly eggs

Number of fly eggs 1 2 3 4 5 6 >17
Observed frequency 22 18 18 11 9 6 4
Expected frequency 24.9287 19.7204 14.6526 10.2922 6.9078 4.4711 7.0272

Table 14 The 95% confidence intervals and corresponding lengths using all methods for the parameter in the flower heads example

Methods Confidence intervals Lengths
PB (0.6342, 0.8684) 0.2342
SB (0.6045, 0.8312) 0.2267
BCa (0.6323, 0.8597) 0.2274
B-t (0.6253, 0.8525) 0.2272

a, =Dz, + 2o+ 2 and where j = [a1B] and k = [azB]. When the value

1-a(z,+z P A .
a( 0 0/2) Z, issetto 0 and a is also set to 0, it can be

Zot Zign

1—&(20 +Zl_a/2)

observed that the BCa confidence interval is equal to

o, =0z, +

b

the PB confidence interval.

. . 3.4 Bootstrap-t (B-t thod
where z,,,, isthe & /2 quantile of the standard normal ootstrap=t (B-t) metho

Assuming the quantity of interest is €, one can

A

(1-)100% BCa bootstrap two-sided confidence compute the estimate € and its corresponding estimate

interval for @ is as follows of the standard error S.e.(é) from the given data. The

distribution  (e.g.Zy45, ® —1.96).  Then, the

A

"
bootstrap estimates @ ; and their estimated standard

Clye, =[0,.6,, ]. (7

errors s.e.(@;) are then computed for each bootstrap
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sample, j=1,2,...,B. The bootstrap-t (studentized)

statistics are derived from these values;

. G-d
Rj == j:1,2,...,B.
s.e.(6))

The (1—a)100% bootstrap-t two-sided confidence

interval for @ is
Cl, , =[6-1 xse(0),0—1 xse(d)], (8

where #=1—(c¢/2) and s=a /2, and t; denotes

the ¢ quantile of the distribution of R;.

4. SIMULATION STUDY AND RESULTS

The confidence interval for the parameter of a ZTPS
distribution estimated via various bootstrap methods
was considered in this study. Due to the absence of a
theoretical comparison, a Monte Carlo simulation study
was conducted using R version 4.2.2 (Ihaka and
Gentleman, 1996). The random samples from the
ZTPS distribution were generated using the accept—
reject method ( Robert and Casella, 2004) . The
simulation covered different sample sizes ( n = 10,
30, 50, 100, and 500) to observe the effects of small
and large variances. To observe the effect of small and
large variances, the true parameter (6) was set as
0.25, 0.5, 1, 1.5, and 2 (the variance of the random
variables decreases as the value of @ increases). For
each simulation, 1,000 bootstrap samples of size n
were generated from the original sample, and the
simulation was repeated 1,000 times. To evaluate the
performance of the bootstrap methods, the empirical
coverage probabilities, lower and upper error rates, and
average lengths were compared. A bootstrap method
with a coverage probability close to or greater than the
nominal confidence level (1—«) of 0.95 indicates
that it contains the true value and provides a precise
estimate of the confidence interval for the parameter. In
this study, we can conclude that a coverage probability
is greater than or equal to the nominal confidence level
when the empirical coverage probability is greater than
or equal to 0.939 by using the one- proportion z- test

with a significance level of 0.95. Moreover, the

shortest average length can be used to more accurately
estimate the bootstrap confidence interval for the
parameter.

The empirical coverage probability and average
length from the simulation study are presented in Table
1. For n=10, 30 and 50, the empirical coverage
probability of the four approaches had a tendency to go
below 0.95 and did not attain the expected nominal
confidence level. However, in these scenarios, the BCa
bootstrap method provided higher empirical coverage
probabilities than the other methods. For 7 2100, all
four methods performed comparably well in terms of
empirical coverage probability, and they provided
empirical coverage probabilities greater than 0.95 in
almost all of situations. In this case (7 2>100), the
BCa bootstrap method and B-t method produced shorter
lengths on average than the PB and SB methods.
Therefore, when the size of the sample was enlarged,
the empirical coverage probabilities of the
bootstrap methods exhibited a tendency to rise and
converge towards 0.95. Furthermore, the average
lengths of the bootstrap methods exhibited a reduction
when the value of € declined, reflecting the
relationship between the variance and €. As expected,
the average lengths of the four approaches dropped with
an increase in the sample size. While the B-t method
demonstrated the lowest average length for small
sample sets, it exhibited an empirical coverage
probability that was notably lower than the nominal
confidence level. In brief, the BCa bootstrap method
demonstrated persistent superior performance in terms
of empirical coverage probability across many
scenarios.

Table 2 shows the lower and upper error rates
of the bootstrap confidence intervals. The lower error
rates of the PB and BCa bootstrap methods exceeded
the upper error rates across all scenarios. On the other
hand, in every situation, the lower error rates of the SB
method are lower than the upper error rates.
Furthermore, there is no substantial difference observed

between the lower and upper error rates in the BCa

bootstrap method.
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5. NUMERICAL EXAMPLES

We used three real-world examples to demonstrate the
applicability of the bootstrap methods for estimating the
confidence interval for the parameter of the ZTPS
distribution.

5.1 The Unrest Events Example

The number of unrest events occurring in the southern
border area of Thailand from July 2020 to October
2022 collected by the Southern Border Area News
Summarises (http: / / summarise. wbns. oas. psu. ac. th)
was used for this example (the total sample size is 28).
The number of unrest events per month during this time
period in the five southern provinces of Pattani, Yala,
Narathiwat, Songkhla, and Satun is as follows: 1, 1, 1,
2,3,3,3,4,4,5,5,5,5,6,6,6,7, 7,7, 7, 9,
11,12, 12, 13, 14, 14, 15. Table 3 provides some
descriptive measures of the number of unrest events.

The fitting performance of the ZTPS distribution
was compared to the Poisson and the ZTPL (Shanker et
al.,, 2015) distributions. The parameters of all
distributions were estimated using the ML approach.
For distribution comparison, we have considered the
log-likelihood (Log L), Akaike’s information criterion
(AIC) (Akaike, 1973), and Bayesian information
criterion (BIC) (Schwarz, 1978) presented in Table
4. The AIC and BIC values illustrate that the ZTPS
distribution provides an adequate fit to the number of
unrest events as compared with other distributions.

For the Chi-squared goodness—of-fit test
(Turhan, 2020) for the ZTPS distribution in Table 5,
the Chi-squared statistic was 2.5655 and the p-value
was 0.2772. Thus, a ZTPS distribution with ML
estimator § = 0.3058 and ﬂ = 6.7331 is suitable
for this dataset. Table 6 reported the 95% confidence
intervals for the parameter of the ZTPS distribution. The
results correspond with the simulation results for n =
30 and & = 0.5 because the average lengths of the
BCa bootstrap method and B-t method were shorter

than those of the PB and SB methods.

3.2 Demographic Example

The 135 demographic data points on the number of
fertile mothers who have experienced at least one child
death (Shanker et al., 2015) are as follows: 1, 1, 1,

141,1,1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1,

2’ 2, 2, 37 3’ 3’ 3’ 3’ 3, 3, 3’ 3, 37 3’ 4’ 4, 4’ 4’
4, 4, 5, 5, 5, 6. Some descriptive measures of the
number of fertile mothers are reported in Table 7.

A comparison was conducted between the fitting
performance of the ZTPS distribution and the Poisson
and ZTPL (Shanker et al., 2015) distributions. Table
8 shows the log-likelihood (Log L), Akaike's
information criterion (AIC) (Akaike, 1973), and
Bayesian information criterion (BIC) (Schwarz,
1978) that we used to compare the distributions. The
adequacy of the ZTPS distribution in fitting the number
of fertile mothers is supported by the AIC and BIC
values, which indicate its comparative performance
against other distributions.

The Chi-squared goodness—of-fit test (Turhan,
2020) was conducted to assess the fit of the ZTPS
distribution shown in Table 9. The obtained Chi-
squared statistic was 3.1070, and the corresponding p-
value was 0.2115. Thus, a ZTPS distribution with ML
estimator 0 = 1.9538 and [ =1.6052 is suitable
for this dataset. The 95% confidence intervals for the
parameter of the ZTPS distribution are reported in Table
10. The results correspond with the simulation results
for n = 100 and @ = 2 because the average lengths
of the BCa bootstrap method and B-t method were
shorter than those of the PB and SB methods.

9.3 Flower Heads Example

The third dataset consists of 88 observations, which is
the number of flower heads as per the number of fly
eggs reported by Finney and Varley (1955). The data
are as follows: 1, 1,1,1,1,1,1,1,1,1,1,1, 1,
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1,1,1,1,1,1,1,1,1,2,2,2,2,2,2,2,2, 2,
2,2,2,2,2,2,2,2,2,3,3,3,3,3, 3,3, 3,3,
3,3,3,3,3,3,3,3,3,4, 4, 4, 4, 4, 4, 4, 4, 4,
4, 4, 5, 5, 5,5, 5,5,5,5,5,6,6,6,6,6,6,7,

7, 7, 9. Some descriptive measures of the number of
flower heads as per the number of fly eggs are reported
in Table 11.

The ability of the ZTPS distribution to fit data was
ZTPL distributions

the Poisson and

2015).

compared to

(Shanker et al., In order to compare

distributions, we have taken into account the
log-likelihood (Log L), Akaike’s information criterion
(AIC) (Akaike, 1973), and Bayesian information
criterion (BIC) (Schwarz, 1978) as provided in Table
12. The AIC and BIC values indicate that the ZTPS
distribution fits the number of flower heads as per the
number of fly eggs better than other distributions.

For the Chi-squared goodness—of-fit test (Turhan,
2020) with the ZTPS distribution in Table 13, the
Chi-squared statistic was 3.7681 and p-value was
0.5832. Thus, a ZTPS distribution with ML estimator
6 =0.7334 and QI = 3.0588 is suitable for this
dataset. The 95% confidence intervals for the parameter
of the ZTPS distribution are reported in Table 14.
The results correspond with the simulation results for 7
=100 and @ = 1 because the average lengths of all

bootstrap methods are not significantly different.

5. CONCLUSIONS AND DISCUSSION

We present four bootstrap methods, PB, SB, BCa, and
B-t, to estimate the confidence interval for the ZTPS
distribution parameter. The coverage probabilities of all
bootstrap confidence intervals were markedly lower
than 0.95 when the sample size was 10, 30, or 50.
However, when the sample size was sufficiently large
(n 2100), the coverage probabilities and average
lengths derived from four bootstrap methods did not
differ significantly. Based on our findings, the BCa
bootstrap method consistently outperformed the others
in terms of the empirical coverage probability and

average length for almost all situations, as confirmed by

10

both the simulation study and the analysis of real
datasets.

The bootstrap method resamples using replacement
from observed data to estimate the sampling distribution
of a statistic. However, there are certain limitations to
using the bootstrap method, especially when dealing
with small sample sizes. With a small sample size, we
have limited information about the underlying
population. This means that resampling from the small
dataset may not adequately capture the variability
present in the population, leading to biased or unreliable
estimates. Additionally, the coverage probability of
bootstrap confidence intervals might deviate from the
desired level. Bootstrap confidence intervals may end
up too narrow or too wide, leading to incorrect
inferences about the parameter. On the other hand, the
bootstrap method becomes more effective at
approximating the sampling distribution of a statistic as
the sample size increases. This is because with a large
sample, the bootstrap resamples from the original data,
capturing the underlying distribution of the population
better.

Future research could focus on the other interval
estimations to compare with the proposed bootstrap
confidence intervals. The constructions of the
confidence intervals for the functions of the parameter
such as the population mean and the dispersion index
are interest. Moreover, there is no research on the
hypothesis testing for the parameter of the ZTPS
distribution. The bootstrap confidence intervals studied
in this paper can be applied for other distribution. These

issues can be studied in the future.
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APPENDIX

library(maxLik)

theta.hat <- function(x) {

options(warn=-1)

logLikFun <- function(param) {

th <- param

n <- length(x)

term1 <- n*log((thA2)/(thA3+thA2+2%th+1))
term2 <- sum(x)*log(th+1)

term3 <- sum(log(x+(th"2+th+1)))
return(term1-term2+term3)

}

mle <- maxLik(logLik=logLikFun,start=0.01)
return(c(mle$estimate,vcov(mle)))

}
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ABSTRACT

In this article, we analyze the fractional Landau-Ginzburg-Higgs equation and the (3+1)-dimensional space-time fractional
modified KdV-Zakharov-Kuznetsov equation, two ion wave equations, using the simple equation approach and the Bernoulli equation.
The traveling wave solutions are demonstrated by the exponential and hyperbolic functions, which can be interpreted as kink waves.
Their graphical representations are three-dimensional graphs, and contour graphs are shown using appropriate parameter values.
Additionally, the results demonstrated that the technique employed in this study is a powerful analytical tool for obtaining exact traveling
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1. INTRODUCTION

Many phenomena of nature are associated with
the ideas of physical science: shallow water waves
(Islam et al., 2023), nonlinear optics (Jhangeer et al.,
2021), plasma physics (Salas et al., 2022), fluid
dynamics (Shah et al., 2022), quantum mechanics
(Alabedalhadi, 2022), biology (Simpson, 1963),
hydrodynamics (Zeng & Liu, 2022), and acoustics (Li
et al.,, 2022). The present work concerns the
representation of these phenomena by means of
fractional differential equations (FDEs), which are used
to simulate various physical phenomena and processes
for solving linear and nonlinear problems (Cenesiz et
al., 2017).

Many researchers have used diverse methods
to get exact solutions of fractional differential
equations, such as the Kudryashov method (Thadee et

al., 2022), the modified Kudryshov method (Kumar et

al., 2018), the
(Khodadad et al., 2017), the exp-function method

riccati-sub  equation method

(Islam et al., 2019), the first integral method (Eslami
et al.,2014), the (G’ /G) - expansion method
(Baishya & Rangarajan, 2018), the new extended
direct algebraic method (Rezazadeh et al., 2020), the
extended auxiliary equation method (Sabi’u et al.,
2023), the auxiliary equation method (Rezazadeh et
al., 2020), and the Sine-Cosine method (Sabi’u et al.,
2019), etc.

In the present work, we take into consideration
the fractional

(Guner et al., 2017),

Landau-Ginzburg-Higgs equation

Drwu —Diau —mu+ny’ = 0, 0<a<1i,
(1.1)

where u=u(x,t), m and n are parameters.

Furthermore, we analyze the (3+1)-dimensional
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space-time fractional modified KdV-Zakharov-

Kuznetsov equation (Sahoo & Ray, 2015),
D“u+Ou'D{'u+D“u+ D D*u+D D “u=0,
(1.2)

. . a
where O is an arbitrary constant and D u denotes

o< <1,

Jumarie’s modified Riemann—Liouville derivatives of
u, where u:u(x,y,z,t).

The fractional variational iteration transform
method was used to analyze the analytical solution of
the fractional

Landau-Ginzburg-Higgs
(Guner et al., 2017). The exact solution of the (3+1)-

equation

dimensional space-time fractional modified KdV-
Zakharov—Kuznetsov equation was established by the
improved generalized tanh-coth method in 2019
(Torvattanabun et al., 2019), the improved fractional
sub-equation method in 2015 (Sahoo & Ray, 2015),
the fractional variable method in 2017 (Cenesiz et al.,
2017), and the unified method in 2019 (Osman al.,
2019), for which the fractional Landau-Ginzburg-
Higgs equation and the (3+1)-dimensional space-time
fractional modified KdV-Zakharov—Kuznetsov
equation have not yet been analyzed using the simple
equation method.

In this article, we have used Jumarie's
modified Riemann-Liouville derivative and the simple
equation method with the Bernoulli equation to solve
the fractional Landau-Ginzburg-Higgs equation and
the (3+1)-dimensional space-time fractional modified
KdV-Zakharov-Kuznetsov  equation. = We have
displayed the analytical solutions and the wave effects

in a three-dimensional graph.

2. DESCRIPTIONS OF MODIFIED
RIEMANN-LIOUVILLE DERIVATIVE AND
THE PROPOSED METHOD

Jumarie’s  modified  Riemann-Liouville
derivative and the properties of the modified Riemann-
Liouville derivative (Sahoo & Ray, 2015) of order &

are defined by the expression

0 a
Z<—l>k(k}<x+<a—k>h)

£ (x) = 1im | —
h—0 n% ’

o<a<i,

(2.1)

which can be written as

X

1
—— | =ET"r(E) = r(0)1d
o Jo-g £ £

0

it a<o,

« 1 d | w
D ()= ———— | =E"1r(E) —r(oNaé
T'a—-o) dx %

ifo<a<i,

o1 if n<a<nt+1,n>1,

(2.2)

some properties of the modified Riemann-

Liouville derivative as follows:

a.y

T+
Dxx _—(}/ D)

_IY7+1—a)’
DY (f(x)g(x) = gD f(x) + (D g(x), (2.3)

DY f(g(x)) = £/[g(OID! ¢(x) = DY Fle()I(e (x)”.

Yy >0, x>0,

The aforementioned characteristics are crucial
to the simple equation method (Phoosree & Thadee,
2022).

3. DESCRIPTIONS OF SIMPLE EQUATION
METHOD

In this part, we will outline a straightforward
technique for getting the traveling wave solution to
fractional PDEs, known as the simple equation method.
Assume that x,y and t are independent variables in a

nonlinear partial differential equation that is given by

G(u,Df‘u,Df‘u,Df"u, D “u, DD u, D' Du, ) =o,

o<a <1, (3.1)

where u(x,y,t) is an unknown function and G is a

polynomial of u(x,y,t) and its derivatives. The main
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steps of the SE method (Sanjun & Chankaew, 2022)
are as follows:
Step 1. Wave transformation

We suppose that u(x,y,t) = u(g),

(24 o a

_ kx + ly _ wt
I'e+1 T'(a+1v F(a+1)’
(3.2)

where constants k and ]| are non-zero constants, and

@ is the speed of the traveling wave. We are capable
of transforming Eq. (3.1) into an ordinary differential
equation (ODE) for u= u(é: ) using the traveling
(3.2) as foﬁgwss).

wave transformation  Eq.

du dzu dsu
Q(Ll, -

a§ dg* g’

where Q is a polynomial of u(g ) and its derivatives,

) =0,

in which the prime indicates the derivative with respect
o &.

Step 2. Solution Assumption
Assume that Eq. (3.3) has the following

formal solution:

N

u(&) =) aF (&),

i=0

(3.4)

where a (i =0,1,2,..., N) is a constant that will be
determined later. The function F (éZ ) satisfies the
simple equations (ordinary differential equations). The
Bernoulli equation, a well-known nonlinear ordinary
differential equation, will be used in this study. Their
solutions can be expressed as simple functions. The

Bernoulli equation,

F'(&)=cF(E) +drF" (). (3.5)

Where ¢ and d are non-zero constants.

Step 3. balancing the integer N
The balance number N can be determined by
balancing the highest-order derivative and nonlinear

terms in Eq (3.3).

Step 4. Solution attainment

We get the general solutions of Eq. (3.5) as

follows:

Case I: if ¢>0 and d <0, we get

(g) Cec(§+§o)
F =z (3.6)

1— dcc(§+§°)
where 50 is the constant of the integration.
Case II' if c<0 and d >0, we get

c<§+§o)
ce
F(&=— (3.7)

14 des e

where 50 is the constant of the integration.

4. APPLICATIONS

Now, we aim to solve the fractional Landau-
Ginzburg-Higgs equation (1.1) and the (3+1)-
dimensional space-time fractional modified KdV-
Zakharov—Kuznetsov equation (1.2) by applying the

simple equation method described above.

4.1 Solutions of the fractional Landau-Ginzburg-
Higgs equation
The  fractional  Landau-Ginzburg-Higgs
equation is
D’ (Df‘u) -p’ (Df’u) —mu+n’u’ =0, o<a <y,
(4.1.1)

where m and n are parameters. We will reduce it to

an ODE using the traveling wave variable

Lk _ ”
Fa+y T+

the transformation into equation (4.1.1) leads to:

The substitution of

(af —1<2)L1”—m211-|-112u3 =0. (4.1.2)

Next, we balanced the highest-order

derivative terms and the highest nonlinear terms of Eq.
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(4.1.2). Then N =1. We have the solution to Eq.

(4.1.2) as follows:

1

(&)= aF () =a,+aF,

i=0

(4.1.3)

(3.5).

. " 3
expressions for u and u are expressed as:

where F  satisfies Eq. Therefore, the

"__ 2 2 2 3
u =ac F+3acdF +2adF, (4.1.4)

3 _ 3 2 2 2 3 3
u —a0+33031F+330a1F +alF.

Substituting Egs. (4.1.3) and (4.1.4) into
Eq. (4.1.2), then equating the coefficient of F "to
zero, where 1 =0,1,2,3, yields
Fo(é:): HQaz —mzao =0,
Fl(éf): (6{)2 - kz)alc2 - mza1 -|-3n2azat1 =0,
F'(&): 3(®" —k")a,cd +3n"aa =0, (4.1:5)

F(&):2(@ —k*)ad’ +n’a =o.

Solving this system of algebraic equations,

we obtain
m d
a, =+—, a Ii—\/—2(a)2 —kz)
n n
- (4.1.6)
4 kc —2m
and @ = ; s
C
2 2 2
k —2
where —2(0)2 —kz) 20 and C—2m>0.

The following two exact solutions are obtained
by substituting Eq. (4.1.6) into Eq. (4.1.3). Then, we
utilize the general solutions to the Bernoulli equations
(8.6) and (3.7). We get four exact solutions of

(4.1.1) written in terms to the exponential function.

Case I if ¢>0 and d <0, we get

ec(§+5o )

m
u (x,)=t—| 1+2d| —————— | |,
1,2 n 1 _dec(cf'*fo)

(4.1.7)

a

kxa B (43
I'a+y T+

constant of the integration.

nd§ isa

where 5 = o

Case II: if ¢c<0 and d >0, we get

( ) + m ec(§+§o)
u (x,t)=TL—|1—2d| ———— | |,
4 n 1+ dec(§+§°)
(4.1.8)
kxa C()ta
where 5 = and , isa

I'a+v» - '+

constant of the integration.

After that, we substitute ¢ ==+2 and d =F1 to

get the following precise solutions in hyperbolic form:

0, (oD =t Canh(E+E),  (4.1.9)

n

a

kxa B (43
I'ae+y T@+y

constant of the integration.

and 50 isa

where 5 =

By using the simple equation method, we get
the wave solution, which is expressed in terms of
fractions of exponential functions, and then the wave
solution is expressed in terms of hyperbolic functions

when we set constants cand d.

In Figures 1 and 2, we present the three-
dimensional and contour plots of some exact solutions,
which are u, (x,t) and u,(x,t), expressed in Eq.
(4.1.9). Employing m=1,n=1, & =0.5and
0 Sx,t < 100, we obtain the plots of the selected
exact traveling wave solution, which represents the kink

wave solutions.

alpha=0.5 alpha=D.5

0’"0-ﬁ23 2
x

D‘.U 5‘0 100
Figures 1: kink wave solution of u,(x,t) in 3D and

contour
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sigha=0.5 alpha=0,§

Figures 2. kink wave solution of u_(x,t) in 3D and

contour

4.2 Solutions of the (3+1) - dimensional space—
time fractional modified KdV-Zakharov-Kuznetsov
equation

The (8+1)—dimensional space—time
fractional modified KdV-Zakharov-Kuznetsov

equation is
D'v+06v’D’v+ D" (Df‘ (Df‘v)) +D? (Dy”‘ (Df’v))

+Df‘(Df’(Df’v)):o, o<a<i,

(4.2.1)

where O is a parameter. We will reduce it to an ODE

using the traveling wave variable

a a a a

_ kx " ly " mz _ e
I'a+y Tiw+y Tw+y T+ '

The substitution of the transformation into Eq.

(4.2.1) leads to:
(K’ + Kk + km* W' — v + S’y =o.
(4.2.2)
Integrating Eq. (4.2.2) with respect to é:

taking the constant of integration to be zero, yields

3

\%4
KK+ +m W —ov+Ok—=o0, (4.2.3)
3

we balanced the highest-order derivative terms and the
highest nonlinear terms of Eq. (4.2.3). Then, N =1.
We have the solution form of Eq. (4.2.3) as follows:

1

(&= aF (E)=a,+aF, (42.4)

i=0

where F satisfies Eq. (3.5). Therefore, the following

. " 3
expressions for v and v are:

v = alczF + Sellch2 + Zald2F3,
(4.2.5)
3 _ 3 2 2_2 3.3
v =a +3aaF+3aaF +aF.

Substituting Egs. (4.2.4) and (4.2.5) into

Eq. (4.2.3) and then equating the coefficient of F " to

zero, where i =0,1,2,3, yields

F'(&): —3wa, + Oka, =0,

F'(&):=@a, +Okala, + k(K + 1"+ m"ac’ =0,
4.2.6

F (&): Okayal +3a,cdk(k’ +1"+m’) =0, ( )

F'(&): Oka, +6ad’k(k’ + 1"+ m")=o0.

Solving this system of algebraic equations,

we obtain

3

— and
Ok

(4.2.7)
k(K> + 1" +m’)c’

9

2

3
where — > 0.

Ok

The following two exact solutions are obtained
by substituting Eq. (4.2.7) into Eq. (4.2.4). Then, we
utilize the general solutions to the Bernoulli equations
(3.6) and (3.7). We get four exact solutions of Eq.

(4.2.1) from the exponential term.

Case I: ifc >0 and d <0, we get

—6ﬂ 1 ec<§+§u>
v (X,y,Z,t):iC —td — ey ’
1,2 o 9 1 —dec(§+§°)
(4.2.8)
kx” Iy* mz” o
= + + - ’
where $ T'a+y T+ T+ Ta+

ﬂ=k2+12+m2 and 50 is a constant of the

integration.
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\Case II: if c <0 and d >0, we get

_6ﬂ e"(§+§o>
v“(x,y,z,I)Zic ——d SRR
’ o |2 1+de” "™
(4.2.9)
kx” Iya mz” o”

= + + - ,
where & 'e+y Twa+y T+ T+
ﬁZ K+ 1"+ m’ and 50 is a constant of the
integration.

After that, we set ¢ =1 and d =F1 into
Egs. (4.2.8) and (4.2.9), and we get the following

precise solutions in hyperbolic form:

1 [—ef E+&
Vs,ﬁ(x,y,z,t) =t- tanh =,
2 2
(4.2.10)
x” Iya mz” o’

where C”Z:1“(0:+1)+1“(05+1)+1“(oz+1) "Ta+y’
ﬁ =k’ +1I"+m" and C_,ZO is a constant of the
integration.

Next, we represent the shape of solutions to
the (3+1)—dimensional space—time fractional modified
KdV-Zakharov-Kuznetsov equation by setting some
parameters o= -1, k=1, m=1,1=1 and
O =0.5 in the interval 0 <x,r <100, and as

displayed in Figures 3 and 4, it produces a kink wave

solution.

alpha=0.5 alpha=0.5

Figures 3. kink wave solution of v_(x,y,z,t) in 3D

and contour

alpha=0.5

80

Figures 4. kink wave solution of v, (x,y,z,t) in 38D

and contour

5. CONCLUSIONS
In this work, we have investigated exact

traveling wave solutions for nonlinear fractional

evolution equations, namely, the fractional Landau-
Ginzburg-Higgs equation and the (3+1)-dimensional

space—time fractional modified KdV-Zakharov-

Kuznetsov equation, via the simple equation method,

and the solutions are found in exponential and

hyperbolic forms. This method allows us to solve
nonlinear fractional evolution equations in mathematical

physics.

The simple equation method has many

advantages: it is straight-forward and concise.
Furthermore, this study shows that the proposed method
is quite efficient and practically well suited for finding
exact solutions to the fractional Landau-Ginzburg-
Higgs equation and the (3+1)—dimensional space—time
fractional modified KdV -Zakharov-Kuznetsov
equation. Therefore, the simple equation method is
reliable for constructing exact traveling wave solutions
to nonlinear models encountered in a variety of

scientific and engineering fields.

ACKNOWLEDGEMENTS

The authors would like to express their
gratitude for the reviewers’ dedication and commitment
in enhancing the overall quality of the manuscript and

the ideas that helped further develop this paper.



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 3 [2023]: e253149

REFERENCES

Alabedalhadi, M. (2022). Exact travelling wave solutions for nonlinear

system  of  spatiotemporal fractional quantum mechanics
equations. Alexandria Engineering Journal, 61(2), 1033-1044.

Baishya, C., & Rangarajan, R. (2018). A new application of G'/G-
expansion method for travelling wave solutions of fractional
PDEs. International Journal of Applied Engineering Research, 13(11),
9936-9942.

Cenesiz, Y., Tasbozan, O., & Kurt, A. (2017). Functional Variable Method
for conformable fractional modified KdV-ZK equation and Maccari
system. Euro-Tbilisi Mathematical Journal, 10(1), 117-125.

Eslami, M., Fathi, V., B., Mirzazadeh, M., & Biswas, A. (2014).
Application of first integral method to fractional partial differential
equations. Indian Journal of Physics, 88, 177-184.

Guner, O., Bekir, A., & Korkmaz, A. (2017). Tanh-type and sech-type
solitons for some space-time fractional PDE models. The European
Physical Journal Plus, 132, 1-12.

Islam, M. T., Akbar, M. A., & Azad, M. A. K. (2019). Closed-form
travelling wave solutions to the nonlinear space-time fractional coupled
Burgers’ equation. Arab. Journal of Basic and Applied Sciences, 26(1),
1-11.

Islam, S. R., Arafat, S. Y., & Wang, H. (2023). Abundant closed-form
wave solutions to the simplified modified Camassa-Holm
equation. Journal of Ocean Engineering and Science, 8(3), 238-245.

Jhangeer, A., Faridi, W. A., Asjad, M. L., & Akgiil, A. (2021). Analytical
study of soliton solutions for an improved perturbed Schrodinger equation
with Kerr law non-linearity in non-linear optics by an expansion
algorithm. Partial Differential Equations in Applied Mathematics, 4,
100102.

Kumar, D., Seadawy, A. R., & Joardar, A. K. (2018). Modified Kudryashov
method via new exact solutions for some conformable fractional
differential equations arising in mathematical biology. Chinese journal of
physics, 56(1), 75-85.

Khodadad, F. S., Nazari, F., Eslami, M., & Rezazadeh, H. (2017). Soliton
solutions of the conformable fractional Zakharov—Kuznetsov equation
with  dual-power  law  nonlinearity. Optical —and  Quantum
Electronics, 49, 1-12.

Li, Y., Meyer, J., Lokki, T., Cuenca, J., Atak, O., & Desmet, W. (2022).
Benchmarking of finite-difference time-domain method and fast
multipole boundary element method for room acoustics. Applied
Acoustics, 191, 108662.

Osman, M. S., Rezazadeh, H., & Eslami, M. (2019). Traveling wave
solutions for (3+1) dimensional conformable fractional Zakharov-
Kuznetsov  equation ~ with  power law
Engineering, 8(1), 559-561.

Phoosree, S., & Thadee, W. (2022). Wave effects of the fractional shallow

nonlinearity. Nonlinear

water equation and the fractional optical fiber equation. Frontiers in
Applied Mathematics and Statistics, 8, 900369.

Rezazadeh, H., Sabi’u, J., Jena, R. M., & Chakraverty, S. (2020). New
optical soliton solutions for Triki—Biswas model by new extended direct
algebraic method. Modern Physics Letters B, 34(supp01), 2150023.

Rezazadeh, H., Tariq, K. U., Sabi’u, J., & Bekir, A. (2020). Abundant
traveling wave solutions to the resonant nonlinear Schrodinger’s equation
with variable coefficients. Modern Physics Letters B, 34(12),
2050118.

Sabi’u, J., Jibril, A., & Gadu, A. M. (2019). New exact solution for the
(8+1) conformable space—time fractional modified Korteweg—de-Vries
equations via Sine-Cosine Method. Journal of Taibah University for

Science, 13(1), 91-95.

Sabi’u, J., Shaayesteh, M. T., Taheri, A., Rezazadeh, H., Inc, M., & Akgiil,
A. (2023). New exact solitary wave solutions of the generalized (3+
1)-dimensional nonlinear wave equation in liquid with gas bubbles via
extended auxiliary equation method. Optical and Quantum Electronics,
55(7), 586.

Sahoo, S., & Ray, S. S. (2015). Improved fractional sub-equation method
for (3+1)-dimensional generalized fractional KdV-Zakharov—
Kuznetsov equations. Computers & Mathematics with Applications,
70(2), 158-166.

Sanjun, J., & Chankaew, A. (2022). Wave solutions of the DMBBM
equation and the cKG equation using the simple equation
method. Frontiers in Applied Mathematics and Statistics, 8, 952668.

Salas, A. H., El-Tantawy, S. A., & Youssef, A. A. A. R. (2020). New
solutions for chirped optical solitons related to Kaup-Newell equation:
Application to plasma physics. Optik, 218, 165203.

Shah, Z., Dawar, A., Nasir, S., Islam, S., Deebani, W., & Shutaywi, M.
(2022). Application of Arrhenius chemical process on unsteady mixed
bio-convective flows of third-grade fluids having temperature-
dependent in thermo-rheological properties. Waves in Random and
Complex Media, 1-20.

Simpson, G. G. (1963). Biology and the Nature of Science: Unification of
the sciences can be most meaningfully sought through study of the
phenomena of life. Science, 139(3550), 81-88.

Thadee, W., Chankaew, A., & Phoosree, S. (2022). Effects of wave
solutions on shallow-water equation, optical-fibre equation and electric—
circuit equation. Maejo  International ~Journal —of Science &
Technology, 16(3), 262-274.

Torvattanabun, M., Simtrakankul, C., & Duangpithak, S. (2019). The
(3+1)-dimensional Fractional Modified Kdv-Zakharov-Kuznetsov
Equation By Using The Improved Generalized Tanh-Coth
Method. Journal of Mathematical Sciences: Advances and Applications,
56, 53-65.

Zeng, J., & Liu, H. (2022). An approximate explicit analytical solution for
the frictionless swash hydrodynamics with an improved seaward

boundary condition. Coastal Engineering, 174, 104127.



Journal of Applied Science and Emerging Technology (JASET)

l A E Published by Faculty of Applied Science, KMUTNB, Thailand

U KMUT doi: 10.14416/JASET.KMUTNB.2023.03.005
Research Article Vol. 22, No. 3 [2023]: ¢251337

)
-

msuSaudisudsnsUszanaeizasiienadasindadusnnu
uazd NN Ul LA s Udn duTalsETIng
ﬁ:ﬁmsmnumn‘immtazmsﬂwqﬂﬁ
Comparison of Methods on Asymptotic and Exact Confidence Intervals

for a Binomial Proportion with Application
Fumud aduny*, Jawa Inins
Chanakan Sungboonchoo*, Piyaphon Paichit

MAINFDH Adneneans uvinensedathng Ussnelng

Department of Statistics, Faculty of Science, Silpakorn University, Thailand

uneaga

MINeAsIINngUstaediaSauieudseans mwaaismsussinaminenudanudhwsudaaiveaslseannsni

9

ee

Y !

MSUANUAINN 2 UseLan Aa FNANNEDNUALTRS wastnanuEanududumniu TesfnwilSaufiauismsdssanae
AFaanueNy 5 35 laun 357ad (Wald) 35 Wilson score 35 Agresti-Coull 35 New waz35 generalized Agresti-Coull ﬁwaaaﬁaa&a
Tagldiguaudeslaldimsuwanuasnivndianniinas vnemetn (n) muhiu 10, 30, 50 uaz 100 Mvuadadu (p)
fewnnu 0.1, 0.3, 0.5, 0.7 4az 0.9 LALMUUATLAUANNTNUINAY 95% Lagynnsneaast 10,000 AIlULAsEFIUNTO]
< @ i =t o a a ' A4 4o ' ' & v ' v = ' 4
ganaeinldlumsiFsudisulssansmweasnanudany fe manuhasdudnny wssmenuninmisyenanu oy

nw vo X 4 b oam a e s ad oo 4 4 40X o
uam s eagUlaasil 429aMuFBIUIT Wilson score fusz@nsmudngalunansamumsaindne Fgrenudeiuilvanziu
aoumsnil n =10 s p = 0.5 uaz n =30 Wa p e lnd 0 w38 1 uaz n =50 dmsunneawes p eniu p =0.5
90N UADNUIT Agresti-Coull HUsza@nsmwiluduauiiass Funanziu n=10 ila p =0.3usz 0.7 uaz n =30 s
p=03-0.7 Sudnenuoiuis New duszaniamwiusuduiisny damanziu n =10 uaz 100 fia p fidnilng o
W3d 1 49ANNEBNUIT generalized Agresti-Coull HUszansmMwilududuiid Famanziu n =100 s p = 0.3 uaz 0.7 uaz
FNANNGDIUITI (Wald) fiUssanimniilidesd uannnildnanudaiuns 5 Bamnsnihluuszandldnudayaaiely
dorumsolang

Maay: Frenu@eRy, nniwesmdadiumivm, anuihazdudunu, mshaswauiasla

ABSTRACT

The objective of this research was to compare efficiency of the methods for estimating two types of confidence interval for
a binomial proportion, which are exact confidence interval and asymptotic confidence interval by studying comparison upon 5 methods
for estimating confidence interval. These 5 methods are Wald method, Wilson Score method, Agresti-Coull method, New method,
and generalized Agresti-Coull method. The data was simulated by using Monte Carlo method, utilizing binomial distribution with
parameters 7 and p that determine sizes of the sample (n) equal to 10, 30, 50, and 100. Meanwhile, the values of proportion
( p) were determined as 0.1, 0.3, 0.5, 0.7, and 0.9 with confidence level 95% by repeating experiment 10,000 times in each
certain circumstance. Moreover, the criteria used to compare efficiency of confidence intervals was coverage probability as well as
average length. According to research findings, it can be summarized as follows. Confidence interval of Wilson Score method showed
the best efficiency in diverse circumstances in case study. Besides, this confidence interval was appropriate for the circumstance at
n=10 when p=0.5 and 7 =30 when p was close to 0 or 1, and n =150 for every value of p, except p =0.5.
Furthermore, confidence interval of Agresti-Coull method had the most second efficiency, which was appropriate for 7 =10 when
p=0.3 and 0.7,and n =30 when p = 0.3—0.7, whereas confidence interval of New method had the third most efficiency,
which was appropriate for 7 =10 and 100 when value of p was close to O or 1. At the same time, confidence interval of

generalized Agresti-Coull method had the fourth most efficiency, which was appropriate for 7 =100 when p = 0.3 and 0.7.
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However, confidence interval of Wald method possess quite low precision. In addition, confidence interval of these 5 methods can be

applicable to the real data in any circumstances.
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*Corresponding Author: sungboonchoo_c@silpakorn.edu

Received: 12/01/2023; Revised: 19/06/2023; Accepted: 14/07/2023

1. Unin
NITOUNTIY LFIT DA (statistical inference) Ao
] = v W
AszuIUMIMIvTeagiinelnuanyuzvedlszying
vy o oAy Y A A 1
Taolddoyaaindredrsh lauTasdiTn1siBaguain
3’, a aa [ I
dsgwrnsvuu lunisoyuimFsanautsoaniy
2 AnvaE Ao MInAdoUANNAT LA MTUTZUIUA
= A A '
FamsUszuaa1l 2 oy Ao Msdszuiunuuga
. . . & ! a s
(point estimation) tTun15Uszuran1n1s1lines
Y 1 aa A 1 = = @ A Y
Aremanaiiesnnfen Fedalszuanuuyain 1@l
4 1 a 4
Tomanaianasy llanaimsitmes ldun uazms
1 1 . . . d
Useu1UAILUUFIN (interval estimation) 11/ U N5
1 a I'd 1 X J VA g
Us2UAIMNITINADI A28F9 9 HHanT oA 2 Al
=) o 3 1 . . =S o g . .
UYAVINAAN (lower limit) LAZUAIINAUU (upper limit)
VYOIFNANWAFDIY A1 2 A1AINa1NAT 19Tz
1 I~ o
HUVYALAENITLINUINIIZUIZITuYeIA T w
Z; 1 a = Y 1 ] dy A
Hu Tagaiadmniwestuud Iiuezegluyaivse
[} 1 J J dyal A4 o L& <
9YILHIA1 2 MUAWANUFDIUTEAVN I FI92IHY
18111552V VEINAINITOVDNVD VIAVDA
1 a o Y [ o 1 1
amnsaes nauly Iduiudnmsldsznaunuuuge
MsUszuamaaaInvealszansNUNuINLIY
Ed [l
MIUWUUTNIANYIAUI NI HA1Y FINT 1A
2
dmsudadiu (p) YOINMTUINUIINIUIWTLNY AN
1 I a A § @ 1
unzitluvesmsinadeiaule Tagldaunlsqu x
Y ] v
unY UIUATIBIMIIadInaulavInnInaasgy
a o %‘ @ 35 1 35 I
Anszing q nu 7 Ase lagnsnaasuaazasuiu

a ' Y = o 1 4 = o Ia
DHITADNU G]N1111ﬂ'liﬂi$°V]']!L@]ﬁ$ﬂi\ii]$llwﬁa1/‘|‘ﬁ1ﬂ

a X

I o o <
iavudullld 2dnvae Ao Had1t59 (success)
1o & A v . o A
wazwaludusivSonaduivian (failure) HUAD

o ' IS
X ~B(n,p) waziwanduulraniiuuieziilu

n
f(x):[ ]p“(l—p)"",x:0,1,2,...,n nsszunn
X

9 9
1w 1 o 0 w @ 4
ﬂ?ﬁﬂﬁﬁuuuﬁﬂ’J'liJﬁ'Wﬂiy)TNiuﬁHuﬂ']ﬁuWVlﬂ LYU

Komoltri (2012) 1&Anwmslszunamdadiulagdise

£Y

#04713N310A1A218 17 (sensitivity) az AT N
(specificity) U4 ultrasound, mammogram MNYUNUNANT

v Y
ATIININGITINGI1VBIFULND (gold standard) Tun15

@

FadeuziSudiuy Areg 9 maHazs1oaniiy
Fadruvesnnu lndesranuFeiudmiudadin
yoaarnw I lulszans uaslududuneden gy
Muenmee & Bootdee (2021) T@Anuianudiuduvosrdu
PM, . ﬁﬂa@ﬂdaﬂmmﬂﬁyuﬁgwqmamﬂﬁﬂué’wma
Uanuad 19KIATZEN taziummslsziiiuau
ITOIR UMV BERIBMIAIAINA A d Y

a . IS
ANULESN (Hazard Quotient; HQ) wluau

a

doyaninin (binary data) 3z wulaeslunis
a 4 aa & I 9 o Aa A
Iasrzineana xezidudeyavesdanlsisiain
I = 1 1 o 1o o (] 1 1 g
whula diies 2 a1 dusa-luduse Ja-Tala 1ludu
uazgeaNureumihnlsdmsuasiseuan

o T 9 a A o v Ao
Z’fﬂﬁ'Ju"'U'E]Q‘lJ’t‘)ﬂJ”ﬁﬂ?ﬂ?ﬂﬂi@ﬁﬂff’)usll’t‘)\i‘]_ligslﬂﬂ'iﬂll

A

N1TUINUIINIUIN ﬁ@ Gﬁwmwm%ﬁummﬁ%ﬁ

L g Y a A o '
(Wald, 1943) FudludsauauuazidznmsmulIandeda

v =3

HeulFiuediaunivats minmsAnuauIsoaiulng

9 Y

A A Vo PR
‘ﬂlﬂfJ'J“ll'ENﬂ‘]JﬂTiTJi%iﬂmﬂWﬁﬂﬁ'JuTﬂElﬂl‘]f"lf'Nﬂ’NiJ

@

A @ an 4 A o W A

LFDUUYDIID ﬁﬂﬂgv\lﬂﬂinWWﬁWﬂfy) 1D Brown et al.
R y ¢ ad o da Y '

(2001) WU'J’l“])")\iﬂ??ﬂl%ﬂﬂum@ﬁ?ﬁ?aﬂﬂﬂ?’lﬂﬂ')ﬂllﬂ')\?

1 ] IS Jo
éummmmummﬂuﬁ’mm (coverage probability) gﬂu

]
1 a

nsfifAIIimes dadiulinndrlng o u3e 1 Agresti
& Coull, 1998; Brown et al. (2002) 1dna1299%29A211

an o 2o A

A @ =) a a ~ Y
eI UV Tasn sy ansawd ludiiniieaanlian

' & 9 5 11w a £ A 4 oA
ﬂ'ﬂlluﬁ]glﬂuﬂlli'.lllﬁ']ﬂ'.l']ﬂ']ﬁllﬂigﬁﬂ‘ﬁﬂ31l|!,°]f@llu‘1/l
° =2 o~ Aav A an o '
NN UA i]\1ll\1'I“L!'Jﬁ]ﬂﬂlﬁuﬂ')ﬁﬂ?iﬂﬁﬂﬂ?@“ﬁ?ﬁﬂ'ﬂﬂ
A d o o Voo A
!(’]f't')lluff']‘l(fﬁ1Jﬂ']ﬁﬂ53N1mﬂ1ﬁﬂﬁ3umﬂﬂﬂﬁgﬁﬁ1ﬂi°ﬂu
a an X A A4
NITLINLIINIUTIUUAINUANYIT BIVSUBINAIULBDUY
as . . 3 A A Y
YOIIF Wilson score (Wilson, 1927) Wuonmiuaennila
3 an A~ ° ' A 4 A
mﬂmﬂua‘ﬁ‘wngmmimuammammmauummuax

a a A Aa 1 A & ax o o oA
Nﬂigﬁﬂﬁﬂ'lWWﬂﬂ'J'](’]f’]\iﬂ'J’nJ!%'f];Ju"U@Q']“ﬁ'Jaﬂ IR A



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

a A ~ =Y o @ A a 14
Uszansamn ludindmsulunsainaimsilnes
daaruiandn1ng o vise 1 Taenalidreaanudeu
A5 UTATINV0952WINTNUNITUINUIINIUINIL

2 ' ' y 4 A
uiaeomiu 2dszan 1dun 1) ¥19audefun

U934 (exact confidence interval) #aTaen llyeanu

A

mfaaj"uﬂixLfmﬁﬁ]z'lu'ﬁgﬂuuumaqqﬂﬁﬂmﬂamlﬁf}aﬁu
Aoy dmfumsadretnnuideriufiutei o
1935 uA Ty M UBId10Y (numerical solution) 1FU F29
ﬂ’ﬂmzlﬂ'f 3] illvu"llﬂﬁ% Clopper-Pearson (Clopper & Pearson,
1934) a2 2) $29ANUF T UFURITY (asymptotic

o w

. g X ) aa g
confidence interval) 323 193U Iag lgngu@udumny
. % o ) . 4 4
(asymptotic theory) Fianyazn lJyestiennuesu
Y
1Jizm‘wui]zngﬂuuummqwimiﬁmammqmm
4 o d' o 1 1 4 o ad v J
WRNUNFAIY 1¥U 19NN UVIITIAN (Wald)
as . a . 3| v
1% Wilson score 40895 Agresti-Coull 1 UAY Cao et al.
Y o o ' A 4 an .
(2022) hlﬂ‘l/l”lﬂTi‘]Ji‘]J‘l_IE\TG]f'Nﬂ'J”IJJL"IfE]Nuﬁ]”Iﬂ'J‘ﬁ Wilson
A c!d' 1 a d o 1 =
score L‘WE]Llf%nl‘ll‘]jﬂlu“Vf'lcluﬂﬁmﬂﬂ'lW'li'liJm@iﬁﬂﬁ’JuiJﬂ']
9 Y A =2 o ' A 4 o o
L"’U'lhlﬂa 0%99 1 NUUAUBDFINANUEDUUTINIUNIT

UszmamaaaiuveelsznnsATNITUINLIINIUI

v 1
o A

1A ad A o < 1 A
upuln Ao 35 New vzllanvazidusiennu®oiui

Y a )

A an I ax o Aoy
UN39 HUADIF New 21T uITMIA I UIUNFU SO U

' ]
@ A

lifigasmsmuiurianudetiundanu Jereuion
a I'4 o ! '

TsunsunounAes IUAITATUINNIAIFIIAITN
oy Fedsu q 41819733 Cornish-Fisher expansion

. . 3 4
(Fisher & Cornish, 1960) lumsdszuiaainiou ng
YOIMTUINUAINIMINLAZ 19 9AN Mo Taeld
5aA03 (score method) tazyi1n1sAn T oA o
Uszansnimveddsmslszuiaua1rianu¥esy
dmsumsdsenamdadivvesdsexns AN

a 2’/ as Yy ag ad .

HaINIuune 735 laun 1) 95 New 2) 95 Wilson score

ad . ad ad . ad
3) 3% Agresti-Coull 4) 15 Jeffreys 5) 35 Mid-P 6) 9%
modified midpoint Wilson score LL8g 7) 7% randomized

] § a S 1
plausible VINWAMIANBIND I MMM dadIU
Haud11nd 0 W50 1 (<0.17 150 >0.83) ¥19ANUAFDIU
Y099T New 3 UUse@nTaInange uagiio
Amsiimes dadiuliareglugie 0.17-0.83 5290210
150UV 93T Wilson score 1az 3T modified midpoint
= a a oA T <

Wilson score 9zl sz@nTninanga vd19lsnaiy

o [ 1 a Jd v 1 1
dvsvlunsalainisidwesdaaluliniog lusag

k1)

0.17-0.83 35 New 32015z ansanwd uauuzaih 11435

Wilson score INS 12N gATMIAUINNNENNFATUBIID
modified midpoint Wilson score Lo 75 New Kim & Jang
Y= a A 1 d' o ad
2022) larnulseanTamvesrieanu¥eiuyedls
Wilson score 18235 Agresti-Coull WUIFNANUTONUU
gﬁ an tdyd = I
19 2 25 UNANUPUBIULITUIZUY (systematic bias)
=} o 1 J [} I k) =2 Y
waglinnuniaunisvesmanuiaziuduson 1918
Y501 799790210100 U 10T Agresti-Coull Tag
duauereanu¥esiudmsunisdseuunidadiu
o351 InINUMTUINLIINIUIY AD 3T generalized
o @ = I
Agresti-Coull Tagviimsdsuannnueudesnuwilu
5YUVARI8IT saddlepoint (saddlepoint approximation)
< 1 4 & A o Adyd @ I [}
F9329nFeNuN U lldnyudugienuy
WwormFuduiny udeligasnismuinusiiniiu
A 4 Ao ° = a a
Wwouungaau azimafseuneudsza@nsnmues
MmsUszanamseanudenudmiumsszanaa
' Y
dadi1uve9lsenINUMTUINUIINIUINNG 475
1&un 1) % generalized Agresti-Coull 2) 3% 7aq (Wald)
3) 2% Wilson score Wag 4) % Agresti-Coull 1NMIANYI
WUI1 $I94A 1 WL F oW UUDI3T Wilson score

=) a a A o [ 1 [ | Y
ll‘]_]‘izﬁ‘ﬂ‘ﬁﬂw\lﬂTlquﬂfﬂ“ﬁ‘i‘lJﬂWﬂ’JHJ“LH%m‘]JL!ﬂJJi?iJ

J A g

fainzliannunivessaanuEeunn ann
Tun19nauAUFI9A1 W FBUUVDINT Agresti-Coull

Y ] I 9 A 9 ~ 1 as
vz lia1nu AN Ao UTI9AINNIIV03TT
Wilson score 1819 £ UAIINNI19UDIFIIANLF DY
Au1NNI13T Wilson score IUID generalized Agresti-

Y1 [} I Y A 9 A
Coull "l]gclﬂﬂTﬂ’J'lll“Ll']i]&’Lﬂu@ui’)uﬂﬂ@u“lﬂﬂﬂiﬂﬂ’ﬂ

'
o

Y9935 Wilson score LAz IANUNI1U0 95290 1UF DI
N1oen113% Agresti-Coull M5 UNNVUIAGI0619
A o =
AMMsARE
= an o ' A O '
NNMIANENBSMIUT VI RANUFOIUIUDAN 9
a o dyd = = as U
luadvetiveaulamnymfSeuieudIsmsdssunan
i1 ' 9 ) 1
VOIBWANUFDIUNT 2 UTLAN AD FIIANUFDI T
umduuazsannuse N unuissdnsudadiu
A a ° =
V99152 11AINUMTUINLIINIUIY TagriinsAnyI
a, 1 a, [ o a,
WFeuiien 533 1dun 1) 3574 (Wald) 2) 35 Wilson
score 3) 2% Agresti-Coull 4) 7% New uag 5) %
. . A ]
generalized Agresti-Coull Taetnaumnldlunas

= a a ' A 4 an
llﬁfJTJ!,VlfJﬁJﬂigfﬁ/]ﬁﬂ’]Wm@Q%?Qﬂ')’lNl“ﬁauu?ﬁﬁ’N B



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

= J A 1 1 < Y
U21NUN AD ﬂ1ﬂ31ﬂu1§]$lﬂUﬂﬂJi’Ji\l (coverage

. 1 Y § 1 4 o
probability) LL@“’ﬂ1ﬂ’N§Jﬂ’J"NLﬂ§ﬂﬂlﬂﬂﬂﬂ\iﬂﬁﬂlﬂ%ﬂﬂu

ad aa

average len; $Q 5 aﬂzﬁ}ﬂﬂﬁ}ﬂ'1
( gel gth)G]NTﬁ‘ﬂllﬂi ANTHNIN

' <3|

1 o a Q(
anutziludquianiiuldawmdulszansanu

[
v A o

L‘%@llu1/]ﬂTH‘LlﬂLlf:]$ﬁﬂ‘1ﬂ’JHJﬂ’S/NmafJ‘UEN"IhQﬂJWN

A 4 9 A Iq 9 o 1
L%@Nuuﬂﬂﬂfjﬂ Llagﬂ']jlli$qﬂﬂ1%1ﬂﬂﬂ1ﬁllu$u1%’lq

ANUFBNUAINSTUTAa MU0 TTIINTNNMTUINLD

a v ) N AR
VI’JHTMGI,‘VIL‘HIJWﬁilﬂ“UﬁﬂTuﬂﬁmG]N ] NANEN

2. 3811INANDY

mslSauiaulsednsmwaasisnmsuszanae
F29a N e ud nSudadiuneslszans i
A154ANUAINININ 5 35 loun 1)35786 (Wald)
2)7% Wilson score 3)35 Agresti-Coull 4)35 New
ez 5)35 generalized Agresti-Coull ﬁﬁv'umaumﬁﬁ'ﬂ
Fadoluil

1. MAUAIUINAIBEIN (1) LHIAU 10, 30, 50
wag 100 wazmuuaaIWIsIitaasdvsudadaiu
WAV 0.1, 0.3, 0.5, 0.7 az 0.9

2. e UAME B (1—a)100% Whiu 95%

3. 15lUsunsu R a3 4.2.2 Tumsiassdaya
fifimsuanuasninaididmnnimes (n, p) Togld
msasanaudmsla (Monte Carlo simulation) Farh
Msnaansh 10,000 asalundazamumsal

4. AruaagR N e R ud v uFadiuaq

ﬂsvmﬂiﬁﬁmﬂmnme?umﬁﬁﬂwﬂmmﬁﬁ'ﬂﬁ

v
ad o o

wavae 5 35 il

4.1 35796 (Wald)

Wald (1943) latauaisn15d519%39m20 %
GaiuTaglinguiuniaiadiunar (central limit
theorem) Malanisuanuasdsnd lagldarussunm

@

' a v o a . X 3
mmnfimesdnsudadiu de p== Fulud

n
ﬂszmmm’mﬁmzrﬂu@ﬁm (maximum likelihood
estimator p) lagd azdianadawnnu p uaziinnu
rd-p)

n
dunan pneaedn (n) Juwalval (n — o)
pd—=p)

n
UssurtmuAr1gdlr9m2 T utdalulalas

wlsUsuinnu UATNNNHJUNTAINNG

azl@dn ~NODuUazdI1u150

P|l-z L_p ~1

<=L —<Z,|=1-a d1nual¥
p(1-p)

Fosnasuaziaffauureienudaiudisas
deuunudedydnual L, uar U, maddu datiu
Franaudaiy (1—a)l00% §usudadiu(p) vas
Usennsiifimnsuanuasmitnueedsiad Wil
p(1—p)

n

p(1—p)

w

L, #® f)—Zn/z

UW aa ﬁ_l_zu/Z

dlo p fe dadnweamaiiedsiisulaludaths 3
.~ X
p=—

n

dagdunNg n uaz Z,, fe meaulnd

s X Unu Q']'L!'J‘Llﬂ‘N“ll ﬂ\iﬂ"liLﬂﬂﬁQVIﬂuiﬂlu

1—a/2 samMIuanuanysnfsnnsgu

4.2 35 Wilson score

Wilson (1927) lawanndenudasulasly
WUIAAYBIISEADS (score method) laEE N INANY
Gasumeldmanadauaunigiu H, : p = p, ey
fU H, :p=p, Disdutisdfny auazazaaniu
sunGiguvdn A, la

p—nl _, 1)
a2
po(1—py)

AAINIOMAWNINAGBS p, loafivuali
p=p, WWannsdaaunsi (1) MWegluguuas
JuNISAa9a8Y (quadratic equation) WAILAFNNITN
MWNieas p, Muualddedneavuasiodine
ULBaIENANNTBNUIE Wilson score 1TEULNUE

@

daanuval L, uas Uy, 0INEIAU GIUUZINANN

waNu (1—a)l00% arvwiudadiu(p) vavlszmns

a a aa . I o X
PNUMIUANUANNIUINYDIIT Wilson score 1UUN1

2
A @ 1_ «
[p 2/2 -z, P( - P)+4n/22
L, @0 -
14 2o a2
n
. p(—p)
b 2: L 0 4:1/22
U,s A9 -
1+ 1\/2



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

Wa p @e dedwasmaiadsiaulaludiatig

3 p=" ;X unu hnueswasmsiiedinaula
n

S

lushedndueng » uaz z,, Aa Mmauln i
1—a/2 22amsuanuaslsniannsgu
4.37% Agresti-Coull
Agresti & Coull (1998) Tavinsu3ulgezag
ANNEaNuanISSadlaglinannsiiine dune
4 M HuRe Mstiawadwsasmdunanaulauasly
dulasdivaz 2a0 (adding two successes and two
failures) Tusauadwasmanaass (n) i
asawasnsiulUldnanuaiiadusn 4 A uaz
fmuali Z,, ~2 Fadanuiioiueaeds Agresti-
Coull AUFIANNEDIUVBIIETAFITULANAINAUR
muszanaranNimessunsudadiu asiiulon
X+2
n—+
§29A NI HUTE Agresti-Coull L3BUUNUGIY

[

wanwal L, waz U, ®INEIOU G9UUENANN

MAUA AT AINULALTATNNAUUY DI

S

Fasiu (1—a)100% dwsudadiu(p) vaeUszmns

—

{ a a . < v X
NAMIUANUANNIUNINYDNIE Agresti-Coull (Uuaail

p(d—-p)

o))

LAC 2 p_Zn/Z

p(1=p)

o))

n

UAC 2 ﬁ+Zn/2

Wia p Ao dedruvesmsiiadenaulaludiede e
X+2
n—+

ludredraduaura ni=n+dusz 2z, fo

p= ; X unu Mnuasesmsiiedenaula

aanaulnad 1—a/2 ¥2IMsuanuaalsnannsgu
4.4 35 New
Cao et al. (2022) 1ﬁﬁwu1ﬁaqm’;1uL%'aﬁ'ua1ﬂ
58 Wilson score 391tauagNANNE U NIUNMS
Uszanamdndiuaelsemnsiimsuanuasniuny
Ao 35 New %Qﬂ%ﬂﬂ?ﬂﬂﬂi%%% Cornish-Fisher
expansion (Fisher & Cornish, 1960) Tun1sussuneou
AR ULNEYBINISUANUIINTUIN Tagasly
AIYUaUA (cumulant) 3 (k) wow 4 (k,) YBIMS
wanuwasndualunisuszanadinraulngi ¢
(q—quantile (1)) Tufo
| zj 73zq

A\ Rz, + q6 Ky + 2 Ky

223 — SZq )
_ I
36

Ky = (1=2m)/ ynm(1—)
Ky =(—6m(1—m))/[nm(1—7)

waza et nanuEanulegldifanas (score method)
MrualiiadneaauasdnsnauUBIEINAIN
@WaNUIG New Weauunuaadyansal L, was U,
MUY NUUTNONNTDNY (1—)100% ST
dad1u (1) 299UTMNINAMIUINUNIUINYDIID

<) o X
New tiluaail

= — T
L, a2 4 = /\17“/2
Jr(l—=m)/n

p—7

Y
Jr(—=m)/n "

| nﬂ‘ Q'! ac aaa 3 a o v
FNANNLTDNUYDNID New 22NIDNMINUIUNTUTDY

<~
v 0B

Tifigasnisdiuimdieanuidatuiitaiau
FaunsalglanlUsunsy R nnuIaewsd Cao et al.
(2022) lumsémnamnazianudaiy

4.5 9% generalized Agresti-Coull

Kim & Jang (2022) lﬁﬁwl,auaﬁnmwl,%'aﬁ'u
3% generalized Agresti-Coull ‘?;\‘1 d519laald3500s
Usznau saddlepoint (saddlepoint approximation) Wa
flwfimes 3 mdaduasdusznaulumssdradne
anuEaiuiaUSuanmaNnuEuEee (bias) 523N
A10181U19zL T UANIIN (coverage probability) waz
izéfummv?'iaﬂ"u (confidence level) s?}qusnﬁma{ﬁ"'q
3 it laud a,c Waz d MIUSUMANNLBULDENYBY
wwsmma%az%uagﬁ'wumﬁaashq () Tawi
WNAWDS ¢ wMmuANMUNINTBIMUsEINMLUY
f«;maqﬁ’nmmﬁaﬁu FIUNNARS ¢ war d
AIUANAITANAUUUSLTATINAAINYBIZINAIN
L%'aﬁ"uﬂaqdwﬂsxmmu,umgmwia:m frvuali
Fasrfaarsuaziafaunradiean e tuds
generalized Agresti-Coull A8 UUNUAIBTYan ol

Ly Wag Uy MUSI0U 91U UENANNHDNY

gAC

(1—)100% dmSudaaiu(p) aa9dszmnsning
LANUAINIUINYDIID generalized Agresti-Coull 181

a1l
a p(-p,)
L 120) —Z <<
'gdC pa a/2 l/l+d
a - p(=p,)
U 120) +Z e
g4C pa a/2 n+d



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

Wa p, uaz p, s dedruvasmsiiadanaulaly

a - X+c
T e b, _Ate
2a n+2c

Mnuasessmsiiadiiaulaludegnguzna »

T T X
N o p, = ; X unu
n
waz Z,, Ao Mmaulndn 1—o/2 21829mMIuInUal
Usnineasgu
AVTUINANNTONY 95% SVSUFAEIU (p)
229UsEmNINAMIUINUANNINN MWNTGS

1 2 1
a=21—-—,c=17——,d=4——
Jn Jn Jn
5. MwradUszanaanniazdudusiu @)
IS ULINANINLTDNY 95% SIS UTAdEIUYD
Us2mnSNAMSULANUAINMIUINNG 5 35 dansomuIn
Taeail
T ] I~ v
Mmuszanaanuihasiluausin =
Pnuafurueitsenuidaiuasauaquenniives p

M

tia M @9 drudrusavlunisviigy Tund
M =10,000 58U
= = J ] <) v

6. WSz uiisuamUszanaanuiazduqusy
(&) Nlgdmsurnenuidaiuns 5 35 Milainu

o a £ A4 4 A ' ~
AaNUszaNdaNNLTaNUNAIUG (¢,)B8I1NH
nadhagwsald Mldlagmsnadausduuisriumeana
ol

H, : ¢ > ¢, (Mmanuhaziudusindarlidnd

o a £ 4 & Ao
MmanUszandanuEatunmMuun)

' ] | v a1 H 4 '

H, ¢ < ¢, (Mmanmhaziludusiniiaidinine
o a £ A & odo
duilszansenuiaNunmvue)
¢—c,

cy(1—¢,)
M
Wi M fe nusaulumsdinu 10,000 sau

MEdANeFaU Ap Z =

a a $ Cc—C,
wlasannigu H, s ——<—Z

c,(1—¢,) ‘
\I M

P c,(1—c¢
WD ¢<c,—Z, IM
M
WBMYUATEAUNEEAYUBINITNAFDU (o) LAY

s

0.05 wazMmaNUszandaNNHaNUNiIvUe (c,) AD
0.95 azlah

0.95(1—0.95)

200 27 50 6 < 0.946
10,000

¢<095-1.645

MUY IFNIUSENIUAIBINANNLTBNUN LY

]
o v

arUszarannuiraziludusin @ lddindn

] 1]
@ o o

o I 4 4
AdnUszansannaNunNivua (¢, = 0.95) i
ﬁhﬂismmmmﬁm:Lﬂuﬁmmﬁ@hhjﬁm’h 0.946
(&> 0.946)
Y 45 <& v o 1 <)
e udaNulalveUssanaenniasily

: Y o S s &
wsanlidindindnardudszdndauizany

- 0Dy

fifvue usaehineuEesiuiuiiussansmw uaz
P IR RE TR TP UCIIE SRTPY- PITTRY PR CRPIIL: P2y
uadgranudaiulalimuszanaenuihaziy
é’jm’mG’%ﬂﬂ’hﬂiﬂ@hﬁ'uﬂisﬁwémmL%aﬁuﬁﬁmum
wanegenuEesuiuliivssansaw uazazl
WInfsanmananINeaseeNN@a

7. MM ANNNIUREEYBEIA NN TN
(average length; AL) laafminammaadinaarauay
FaAAUUYBIEIAN BT UNS 558 udatih Y

mmnalagldgns

10,000

Z (U[ 7[‘[)

10,000

o U, uaz L #e dadidauuuasioniadins
ey Tumsinahsaudl i
Toefi i =1,2,...,10000

ggranudaiulalidianuniamasyaesag
mwmﬁ'aﬁuﬁaﬂﬁqm LEAIIIBIA NN E DT
UssAmsmwanniiga

8. W3guLilauaA IR B Ya99904
Fashuna 5 53

9. a'gﬂwamiﬁﬂmwmﬂwmmLﬁaﬁuﬁgﬁ 5 351u

weazaaIuMIel

3. HauaINIANANITIVY
HansAnYI2aIuITEildv s suLiey
Useandnmaaddinisuszunadigisauid ey
dmSudasiupaslsennsiimsuanuasdiuu 5 58
Tawn 1) 35786 (Wald) 2) 35 Wilson score 3) 35
Agresti-Coull 4) 75 New Waz 5) 75 generalized
Agresti-Coull @9tnaainlalunisiudeuiitau
Uszandmwd 2 et Ae 1) enenanhazsdudusy
waz 2) MANNNRAEYEENANNEaNY FIETR
UszAnsmwdazdasliananuiaziudunulish
ahadulszansanuidasiuiimuue tuidedsnms
Uszanadaanuideduiliaussanaanuiee
Wudusnulishnhedulssansanudesiuiidmue



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

0.95 lamszmnmuanuhazfudusiniiarlaie
A 0.946 waziimanunumasyase Ny
Yiasiiga Tagldmsansnaudaslaluaniumsal
@ 9 R fauaalumed 1 uaz 2 mwuaeu

a51R 1 uaaamUszanaanaihaziluqus
PBENANNEHDNY 95% dmSudadiuuaslstnnsi
fimsuanuasmiuama 5 35 wamsanwnuiaias
(Wald) 1%’d1ﬂ33u1mmmﬁmzLﬂuﬁmam‘imiw
mdlszansanudesiuiimwualunansseumsal
antiulunsdli n=30 tile p=03-07uaz
n=100 Lila p=03uaz 0.7 uaziuurluiazle
czhﬂszmmmwuﬁwuﬂuﬁmmﬁmn%uLﬁ'awum
raeheluajiu 33 Wilson score aslienUszanamna
Lh%Lﬂuﬁusaulsje‘i1niwﬁwé’uﬂszﬁwémmL%'aﬁ"uﬁ
fmue lunsdn n=10 e p=05 n=30 iila
p=0.1,0.5182 0.9 uazn=>50 §1WUNNAILDY p
BN p = 0.5 329ANNEIUITTE (Wald) uazda
Wilson score agliienuszanaanuihazniudusuiid
mmn’“;'ﬂuﬂ'quqslunitﬁﬁ@hwwmﬁmas’ﬁ’mdauﬁ@htﬁw
1nd 0 38 1 §2135 Agresti-Coull TaUszanaaNy
aznfugunulidnhadnlssandanudaiud
smualumanssanumsal snculunsdiil n =10 (e
p=01uaz 09 uaz n—=50 uaz 100 Lile
p=0.5 §m5035 New azliarUszunaunnuiiag
Hudunulishnhedulssanianudaiuiidivue
Tunansgorumsalnane sndulunsdit n=10
Lf'IE] p=03u1az0.7 n=30 Lf'la p=0.1 uaz 09
n=50 til® p=0.1,0.5 uaz 0.9uaz 7n—=100 Lio
p=05ua235 generalized Agresti-Coull ¥ 14
Ardssaaanuiasiuduanlidiniid
Fuuszansenuidesuiimwualunarssaiunisel
aniulunsdldi n=10 dmsunneizes p anuiu
p=05n=30 Lil® p=03uaz 07uaz n=>50
waz 100 tile p=0.5 FewamsAnmaanadasiv
nstTugﬂﬁ 1 wgaeamlszanaanihastuqusy
Pa9TNANNEDNY 95% dmSudadiumalsznsh
finsuanuamiuuns 5 38 Tagdt W unuds wald,
WS wnu 35 Wilson score, AC LY 35 Agresti-Coull,
N uny 35 New uaz gAC unu 35 generalized
Agresti-Coull azwuiilavnediathslwaduazyhly
Freanudaiune 558 Suwnlduliauszanuan
iasludunuiaiy

M5197 2 LFAIAIANNIILRALYBITIIAIIN
Woiu 95% drusudadiuneslszarnsfiinig
LANUAINIUINTA 5 58 WamsANEINUIIEIIAIY
Basiung 5 3519 eUstnaenNnNeRasueEI
mmL?'iasj'uaﬂmijaﬁaaiiwﬁwmoﬂmﬁﬂunnssﬁu
28961 p 58 Wilson score liaamunmasvadi
mwm%aﬁuﬁaﬂﬁqmiunscﬂﬁ n=10 Wla p=10.5
n=30 o p=0.1udz 0.9 uaz n=>50 dwmiunna
289 p 893U p=0.5 35 Agresti-Coull azlvimany
ﬂ‘ﬁwmgﬂwawhqmmL%aﬁuﬁaﬂﬁqw‘lumfﬁﬁ
n=10 (i p=03waz 07waz n=>30 Lid
»=03-07 d138 New Lidanunhunasves
ﬁaqmwmﬁ'aﬁbuﬁaﬂﬁqﬂlunsﬁﬁ n=10 waz100
LD p=0.118% 0.9 4az3 generalized Agresti-Coull
aﬂﬁ@hmmn‘i’mtaﬁﬂwaqﬂwmmLﬁaﬁuﬁaﬂﬁqmlu
n38ifl 7 =100 tile p=03uaz 0.7 Fauan AN
daanaasnunsInlugy # 2 ugaemUszuIaANy
A NREEYasNANNEENY 95% duiudadiuyes
Usznnsiisimsuanuaaninuna 5 33 Taed W unu
35 Wald, WS unu 35 Wilson score, AC 49U 35
Agresti-Coull, N w9y 35 New Loz gAC unu 35

generalized Agresti-Coull

4. m‘stlszqnm"lﬁ'ﬁ'uﬁ'aadaﬁq

AsAndIautiauldszdndniwaesisnis
Uszanamdeenaidasudmiudadiuaadszanns
Afimsuanuamdinam 5 53 ansmhindssgne s
fudiayaluaniumaniads Fedayaihanuszendl#
Tuu398H111191U3 38289 Mizumoto et al.
(2020) l&@nmdayaimduglasasludadng
Diamond Princess a3 aaglutiiaslalnaus
ﬂizmﬂnjﬂu %qﬁﬁ;’ﬂmﬂmﬂuﬁalﬁmmwuQ'am%a
Ta%alalsun (COVID-19) $7u71 634 AU FaWU
Wummdiluiuau 270 au durnewiiusiu
88 au waziivadaiiuyanaiiidynddis 9 a0
28 Uszine

1umu35’aﬁlﬁﬁﬁayamv‘hmiﬁﬂm 2 n5al lown
nsdl 1) Anwrdieedniieny 95% d1nu
foduzasflasasidadeliialalsunludedng
Mduriewsdiu waznsdl 2) Anwdreanudany



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

-

mai 1 szanaenuhasdudunueesdemugeiy 95% Susudadineasdstnnsiimsuanuaamdnam s 33

19
NAMai W'ﬁ']ﬁ“ﬂa{p Wald Wilson Agresti-Coull New Generalized
(l’l) score Agresti-Coull
10 0.1 0.6540 0.9288 0.9288 0.9876* 0.9288
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0.9 0.6469 0.9284 0.9284 0.9874* 0.9284
30 0.1 0.8066 0.9744* 0.9744* 0.9302 0.9744*
0.3 0.9548* 0.9300 0.9507* 0.9548* 0.9300
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nafadg W'ﬁ']ﬁ“ﬂa{p Wald Wilson Agresti-Coull New Generalized
(}’l) score Agresti-Coull
10 0.1 0.2818 0.3696 0.4217 0.3534** 0.3839
0.3 0.5283 0.4762 0.4896** 0.4932 0.4824
0.5 0.5856 0.5066** 0.5099 0.5330 0.5108
0.7 0.5235 0.4737 0.4880** 0.4900 0.4801
0.9 0.2797 0.3691 0.4214 0.3527** 0.3835
30 0.1 0.2011 0.2148** 0.2335 0.2080 0.2229
0.3 0.3216 0.3070 0.3102** 0.3121 0.3087
0.5 0.3517 0.3318 0.3317** 0.3393 0.3322
0.7 0.3212 0.3067 0.3100** 0.3118 0.3084
0.9 0.2000 0.2141** 0.2330 0.2071 0.2223
50 0.1 0.1607 0.1662** 0.1761 0.1630 0.1710
0.3 0.2509 0.2437** 0.2453 0.2463 0.2446
0.5 0.2744 0.2646 0.2644 0.2682 0.2647
0.7 0.2509 0.2437** 0.2453 0.2462 0.2446
0.9 0.1612 0.1666** 0.1765 0.1634 0.1714
100 0.1 0.1157 0.1175 0.1214 0.1166** 0.1196
0.3 0.1786 0.1759 0.1765 0.1768 0.1763**
0.5 0.1950 0.1914 0.1913 0.1925 0.1914
0.7 0.1785 0.1759 0.1764 0.1767 0.1762**
0.9 0.1160 0.1178 0.1217 0.1169** 0.1199

= oo fl a4 4 o) P P 1 4 4w o PN [l 4 & dg v f} < v
winawme: ** waneds Bmsuszanaienugeiulidenunhuadsrsnenudsiutasiigalasinsannnduenudasuilimanuhaniudy
s @ a £ A4 & d P o
ulimnhmaudssinsanudaiuimvuaduanslumsed 1

n=10 n=30
a E—— o ] JE——
- = e
—_— —_—
M M
@ @
o 7 (=2
£ o £ o©
2 o7 2 o7
& &
@ @
) )
jd jd
5 5
2 37 2 37
. . M
o 7 o 7
o o
o 7 (=2
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
p p
n=50 n=100
o 4 —_— W a [
_ = - —
—_— —_—
Ll ™
@ @©
o 7 o 7
£ o £ o©
2 o 2 o7
2 2
» @
5 S
o o
S M o4
o | o |
5 S
T T T T T T T T T T T T
0.0 02 0.4 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0
P P

Ui 2 ddssnaenunhuadsrasianuEeiy 95% dmiudadiupanlsznnsnimuanuamnum 5 35 nsdlunaseguandnn



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

M19199 3 FaNITaNU 95% dmSuFadiureslsrmnsNINITUANUIINTUIN KBEAIAINNTIINYBIEIANNERNUNG 5 I (HathiUszgndld

fludayaase
Fdmsdszanaeznny Astifnm
@any
nsdi 1 (p=88/634=0.14) nsdi2 (p=270/634=0.43)
FNONUTINY 95% AMANNNINYDITN ZRANNTDNUY 95% AMANNNINYDIT WA
ANNITDNY any
35786 (Wald) (0.1119, 0.1657) 0.0538 (0.3874, 0.4644) 0.0770
38 Wilson score (0.1141, 0.1679) 0.0538 (0.3879, 0.4647) 0.0768
35 Agresti-Coull (0.1141, 0.1681) 0.0540 (0.3880, 0.4647) 0.0767
38 New (0.1135, 0.1674) 0.0539 (0.3878, 0.4646) 0.0767
35 generalized Agresti- (0.1142, 0.1681) 0.0540 (0.3880, 0.4647) 0.0767
Coull
P aa o P N v @y Ao a o o s papey
MIND 4 BmsUszanadeMuEaiy 95% insudadinresusznnsidinsuanuasninanuinsauiudonumsalng o AEnw
TA) o <
nnadat (1) wWees p
0.1 0.3 0.5 0.7 0.9
10 N AC WS AC N
30 WS AC AC AC WS
50 WS WS - WS WS
100 N gAC - gAC N

NG WS unu 35 Wilson score; AC LU 3% Agresti-Coull; N uny 35 New uaz gAC unu 3% generalized Agresti-Coull

1 e " 4 4 o
- wnu it msUszanamdnanudaiulafwinzau

ANNEDNY 95% WATMANNN YA NNTDNY
W 5 5% ziw%’ué’mdmwaa@“[mﬂmiﬁﬁm%ah%a‘[ﬂ‘[sm
1141,%5?151@17’;1,%14%13am%ﬁ'uuaz‘dniﬁﬂu
Faudaslumai 3

K859 3 2zWUIIEnsUSENI MAE
anuEaun 5 58 lunsdifidnyne 2 nsdl Aensel
fidhadafiamnalng) (n=634) uazen p Benilng
0 (p=0.14) uaz@) p =043 azliardszurmugag
ANNEDNY 95% WaTMANNN YA NNHNY
dusudadiurasiszansiiiinisuanuaaniviy
ladidesiulunnnsdl lasnndadeiithindnmil
wnalng) Feazwuhilenugenndasiunamsdne
Faaaslunsdindhadniivinalng Freanudany
e 5 33ariiUuszansawanniulunisdruam
AUsEINaENANNERRY 95% WazAANNNYEY
dnenudaiudefienitlndidesdulunnnad dusu
MsANEINSEIN 1 FenNEaNUSETad (Wald) way
35 Wilson score azlimUszanainNun N9 19N
L%'aﬁuﬁaﬂﬁqﬂﬁqﬁﬂsza‘n%mwmnﬁqm RINNAD
#2190 NLADNUIT New 35 Agresti-Coull wazia
generalized Agresti-Coull dluﬂiiﬁﬁﬂ‘lﬂ‘lﬁ 2 FNANY

L% ail"u'i% Agresti-Coull 78 New wuazid generalized
Agresti-Coull 2zl Uszanannuningasdne
\esutiosfigaieiivasanimmwanniige sesaunia
#NANNEDIU 35 Wilson score UazIaIad (Wald)

ayduansive

wanMsAnEdsauieulseansmMwaadidms
Uszana@gn9anndesy 95% dnsudadiuzas
Uszansiamsuanuasnduny 5 53 laud 1) 33506
(Wald) 2) 75 Wilson score 3) 75 Agresti-Coull
4) 35 New Wag 5) 15 generalized Agresti-Coull
Taafiansaniszansmwaassianuidesuiilie
mwmhaxLfJué’mml:\i@%wﬂdwdwﬁ'uﬂszﬁﬂ‘éﬂawn
deduiimwualide 0.95 wazliaranunianis
waqﬂwmwmﬁ'aﬁ"uﬁaﬂﬁqﬂ JzwuhenuBaui
WNEENAUFOIUNISEIAIe 9 PAnu TagsIwun
AINTUIAAIDEIN (M) UDE AINITITLADS p
LEHPIGIN TN 4

MD 4 uEaEMIUsTINMAENANNE LY
95% dwsudasiuwaslsennshimsuanuasiuy



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 3 [2023]: 251337

fomnzaufusgaumsalena 1 fidnelasuunas
PUINGIDEIN (1) LBZAIWINALADS p ALWUNITN
AN NLEHDHUIE Wilson score HUszAnnndiigaluy
wangdaumsalfidny Fedeanudeiuiivangiu
gounsaleragreiizunaitin n =10 s p=0.5
wazMIadINTUIANaI 7 =30 Lile piidihlng o
%38 1(p=0.1,0.9) uaz n =50 §mTuNAAIZaY p
gnLIU p=05%190274 L%'aﬁ"u'iﬁ Agresti-Coull
fiuszansmwilusuduiiaes Funansiudiad
PUIALEN n=10 Lfllap:0.3l,l,a$ 0.7 Laz@IDEIN
JUIANBI 7 =30 11D p=0.3—0.7 dIu%219A1N
Fiiia New fivszansmwdusuduitny Funane

v o [l

AUAIBEINTNALEN n=10 W88V na)
n=100 tiia pAA1311nd 0 n3e 1(p=0.1,0.9)
#7902 1ML T 0N UID generalized Agresti-Coull
fiuszansmmidususuiia Faumanziudiadieuna
Twa) n=100 e p=03us8z0.7 Az NN DI
385adiUszansawilidiniiasarnlian
mmﬂwmﬂuﬁ:mam‘iwniwdﬁuﬂsxﬁwémmL%'aﬁ"u
fiwual3lunssaaiumselfidnwuaiuu Tl
Uszandamdiiladedeilvunalug vanainil

4

m’sﬂi:g‘mﬁﬁwﬂmmﬁ'aﬁuﬁﬁq 5 Wi lulEnudaya
ASelugorumsalang 9 azlvinamsanmuseansaw
2999290 NIB DN ULAazIE T A NuFaaAd IR
NaMSANHNBTITIABY

@NEI591994

Agresti, A., & Coull, B. A. (1998). Approximate is better than “Exact” for
interval estimation of binomial proportions. The American Statistician,
52(2), 118-126. https://doi.org/10.1080/00031305.1998.10480550

Brown, L. D., Cai, T., & Dasgupta, A. (2001). Interval estimation for a
binomial proportion. Statistical Science, 16(2), 101-133. https://doi.
org/10.1214/ss/1009213286

Brown, L. D., Cai, T., & Dasgupta, A. (2002). Confidence intervals for a
binomial proportion and asymptotic expansions. The Annals of
Statistics, 30(1), 160-201. https://doi.org/10.1214/a0s/
1015362189

Cao, Y., Xu, Y., Tan, M. T., Chen, P., & Duan, C. (2022). A simple and
improved score confidence interval for a single proportion.
Communications in Statistics-Theory and Methods, 51(8), 2659-
2675. https://doi.org/10.1080/03610926.2020.1779747

Clopper, C. J., & Pearson, E. S. (1934). The use of confidence or fiducial
limits illustrated in the case of the binomial. Biometrika, 26(4), 404~
413.

Fisher, A. R., & Cornish, E. A. (1960). The percentile points of distributions
having known cumulants. American Society for Quality, 2(2), 209-
225.

Kim, J., & Jang, W. (2022). A generalized Agresti-Coull type confidence

interval for a binomial proportion. Journal of the Korean Statistical

10

Society, 51, 356-377. https://doi.org/10.1007/s42952-021~
00143-3

Komoltri, J. (2012). Sample size calculation. Journal of Mental Health of
Thailand, 20(3), 192-198. (in Thai)

Mizumoto, K., Kagaya, K., Zarebski, A., & Chowell, G. (2020). Estimating
the Asymptomatic Proportion of Coronavirus Disease 2019 (COVID-
19) Case on Board the Diamond Princess Cruise Ship, Yokohama,
Japan, 2020. Euro Surveill, 25(10), 1-5. https://doi.org/10.
2807/1560-7917. ES.2020.25.10.2000180

Muenmee, S., & Bootdee, S. (2021). Health risk assessment of exposure
PM2.5 from industrial area in Pluak Daeng District, Rayong province.
Naresuan Phayao Journal, 14(3), 95-110. (in Thai)

Wald, A. (1943). Tests of statistical hypotheses concerning several
parameters when the number of observations is Large. American
Mathematical Society, 54(3), 426-482.

Wilson, E. B. (1927). Probable inference, the law of succession, and

statistical inference. Journal of the American Statistical Association,

22(158), 201-212. https://doi.org/10.2307/2276774



Journal of Applied Science and Emerging Technology (JASET)

' A E Published by Faculty of Applied Science, KMUTNB, Thailand

U KMUT doi: 10.14416/JASET.KMUTNB.2023.03.006

Vol. 22, No. 3 [2023]: e251542

0p)
-

Research Article

ANANNBINUEIWIUANRFIUIZBINIVBINITUINUIILIHAT . NINAN
< - P a
anuseauavaasauludszmalng
Confidence Interval for the Population Mean of Rayleigh Distribution with

Application to Shear wave Velocity of Soils in Thailand

SUNYH LHEIWIBWUT LAz ANTITIN UERUINT*

Thanakit Teawpongpan and Patarawan Sangnawakij*
NI FNSUadde auInenmansuazmalulad vinendusssumans Ussmelng

Department of Mathematics and Statistics, Faculty of Science and Technology, Thammasat University, Thailand

unnnge

gt @ o ' i oA a 2 o v v

mawanuansgadiumsuanuasanihaztuwvudadissiioninignih Ul lunanvaradu Taswmwzmadu
3NN warnMsunndg Msuanuasiignuuiesasiludnngmsainesssund desnnmsuanuassdadiendasiutayaiz
Yinalumsnmasaiifidedsldiheueisuszinamuuugndmivamaslssans msafndnenugeiuluassiondeisues
Mad BarnenuFeiudmiumadamnalng uasisdnanudeiuiemly §ideldhmsdnndszaninmeesdnanu
@enulagandanmshassuasldinasinsiaUszdnimmannmenuihazdudusinuazanuenimdsyssnanude iy uails

° () 4 & o I N o a P '3 PP 4 & oo o =

nnmahsasnuhdnenuaiuiamluivssansmwidlunnaounsal uasfinhdnanudeiumhaiiiauiisumsin wm
anilfivelanismemanguiindszandlinudeyassaninedasiuanudeduidavrssduludiniadye Usanalng naiiile
Wumstiuduwanldnnmsianss

Maag: m3Uszanamuuugn, mswanuaasdad, anuhazdudusin, dranudeiuisnmly

ABSTRACT

Rayleigh distribution is one of the continuous probability distributions applied in several areas, especially in engineering and
medicine. This probability model is also widely occurred in natural phenomena. Since Rayleigh distribution is related to quantitative
data, we are interested in studying interval estimation for the population mean. The methods based on Wald-type confidence interval,
large-sample confidence interval, and generalized confidence intervals are used in construction. Then, the performance of the proposed
confidence intervals is conducted using simulations in terms of coverage probability and expected length. The results illustrate that the
novel generalized confidence interval performs better than the compared confidence intervals in all cases in the study. Finally, a real
data set on the shear wave velocity of soils in Lamphun province of Thailand is used in computation, to confirm the results from

simulation.
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fidhiign wamsAnwmud duuiiianuuiugnanniige e duuy GM@,1) fenufiewmalunnmswensoiiagas 0.724
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ABSTRACT

The objective of this study is to construct an appropriate forecasting model for the BBL Stock Price via the use of Box-
Jenkins method and Grey models. Daily average data, which were collected during July 2022 to June 2023 with 240 days in total,
were divided into 2 datasets. The first dataset, which consisted of 222 days from July 2022 to May 2023, was used for constructing
the forecasting model via the use of 3 statistical methods, which are Box-Jenkins, GM(1,1), and Grey Verhulst Model (GVM)
methods. The second dataset, which consisted of 18 days in June 2023, was used for comparing the accuracy of the forecasting model.
The criteria for comparing the accuracy were the mean absolute percentage error (MAPE) and root mean square error (RMSE).
Research findings indicated that for all three forecasting methods, the most accurate method was the GM(1,1) method with 0.724
percent forecasting error (MAPE = 0.724) or forecasting error of 1.463 (RMSE = 1.463). The comparison of the accuracy of the
forecasting model for both criteria provided the same result. Therefore, it made more reliable that the GM (1,1) method was the most

suitable method for this time series.

KEYWORDS: ARIMA model; Grey Model; GVM Model; Mean Absolute Percentage Error; Root Mean Square Error
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a. Test distribution is Normal.
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Development of Kha Nom Tong Muan by using Paka-umpoul Defatted Bice
Bran Flour Substituted Wheat Flour (Oryza sativa L.)
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mAdeiliiTaguarad tednwszdumanaunuimadsushinimsteatmbiuimnzanlumsud audo s ol
suamasihu tawannfunaudniidgasmidannmagddu msdnmlasmenusumamesasuuuduauysal (Complete
Randomized Design: CRD) Wudlmumedassmhdunaunuuthend 5 széu fa $peae 0, 10, 20, 30 WAL 40 (gmﬂ' 1,2,3,4
wor 5 uadu) ihlinedaugumwmMelssamauiEade35 9-point hedonic scale scoring test 1Hgmasaudsilnndy $1uu 30 Ay
wuh wiadnrauamenhugesi 3 Slfulhinumatesabiumeunuiindludaniases 20 ld5uasuuuamnioulogsu
anniiga (7.82 azuuw) wasiathluaSsuiiisugumwmemanin il uazgadnmdugasiugu (gasi 1) wuh aadenu
uanaiuetheiiiasaymesaanszauanudeiy Jasar 95 TasmsinUSinautlehinumedaatmhiuiinarilieanusing
(L*) v09ndnd a9id ananad HANS TR AT RN Y warASananhdase (a,) fiainguan 0.389 U 0.429 MNAIATIAFOY
aaumwmaaiinuh Usinadlsiu & uasleewnsgeiu Sasar 23.01 2.18 Woz 2.16 MUY LANMIATINIATIEHANTUNLAN -
Tolsmuaa washanssudhuayyadass Tasds DPPH wuh luaansaanawulugasiugiu lusasindadavioumassiugasi 3
wuhiienuhiu 0.031 fisdn3ude 100 n3u wa 19.05 fadanFude 100 n3u MGy denrdsuAUMMMIALN3S wuh fide

a < < =] ol = 14 I o ¢ o a g [
Taanasu <3.0 LNNWLBU/ NIV L SdALLZ <10 T,ﬂ‘[au/ NN agiummmmmﬁﬁuwamnmwmuﬂuﬂwﬂ (NNY.1/2552)

adan: Msnaununihed, auwnasiu, wilhindmateanaiiu

ABSTRACT

The objective of this research is to develop the appropriate formula of kha nom thong muan from paka-umpoul defatted rice bran
flour to develop as a snack with higher nutritional value. This study was done by planning a complete randomized design (CRD). The amount
of paka-umpoul defatted rice bran flour substituted at 5 levels of 0, 10, 20, 30, and 40 % (formula 1, 2, 3, 4, and 5 respectively). It was
tested for sensory quality using the 9-point hedonic scale scoring test using 30 semi-trained testers. It was found that the Thong Muan dessert
product (formula 3) used paka—- umpoule defatted rice bran flour substituted with wheat flour at the rate of 20 % received the highest overall
liking score ('7.82). The comparison between formula 3 and the basic formula (formula 1) in the physical, chemical, and microbiological
quality found that the color values were significantly different at the 95% confidence level. By increasing the amount of defatted rice bran flour
resulted in the brightness value (L*) decreased and the product became darker in color. In addition, the free water content (a,) increased from
0.389 to 0.429. The chemical quality of fat, ash, and fiber was higher by 23.01%, 2.18%, and 2.16%, respectively. Analysis of gamma-
oryzanol and total antioxidant activity by DPPH assay was not found in the basic formula while was found in formula 3 at 0.031 mg per 100
and 19.05 mg per 100 grams, respectively. An examination of microbiological quality of formula 3 was found that there were coliforms <3.0

MPN/g. and yeast and mold <10 cfu/g. in Thai Dessert Community Product Standard Criteria (TCPS.1/2009).

KEYWORDS: Wheat flour substation, Kha nom tong muan, Paka-umpoul defatted rice bran flour
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