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Abstract

Data analysis is an integral part of statistics, and statistical methods to analyze data
arising from various sources abound in the literature. Nevertheless, the need for new methods
of data analysis or application of conventional methods to new area often arises because of
emerging new and difficult data collection methods and innovative statistical problems. In the
context of biology environment and medicine, we focused on nutritional assessment based on
prices, and eleven nutrient indicators, namely energy, carbohydrates, fats, proteins, calcium,
iron, vitamin A, thiamin, riboflavin, vitamin C, and niacin from groups of vegetables, foods,
fruits, and desserts. Nutrient indicators and prices are assessed by the Multiple Criteria
Decision Making (MCDM) and Electre methods. The overall index average is ranked from
the highest to the lowest based on these indicators. Hence, the MCDM and Electre methods
are shown to be feasible measures to compare and rank the types of vegetables, foods, fruits,
and desserts based on nutrient indicators and prices within each category. A time series
analysis is adopted as a technique for forecasting of monthly rainfall and water level along
the Chao Phraya River in Thailand. The Box-Jenkins technique is used for identifying the
parameters of an Autoregressive Integrated Moving Average (ARIMA) model. The Akaike
information criterion, the Schwarz’s Bayesian criterion and the mean square error are used
throughout to test for simplification of any particular model. The periodogram analysis is
used to confirm the existence of a seasonal period in the ARIMA model. The ARIMA with
seasonal model possibly predicts the monthly rainfall and water level along the Chao Phraya
River one year ahead with acceptable accuracy. The nonlinear mixed effects model is also
proposed for repeated measures data to describe longitudinal changes in Carcinoembryonic Antigen

(CEA) levels of colorectal cancer patients over time. The CEA level of colorectal cancer patients is

regarded as the marker choice for monitoring. Parameters of the proposed model are estimated by



[ii]

using Lindstrom and Bates (LB) and the Stochastic Approximation version of the standard

Expectation and Maximization step (SAEM) algorithms. The results show that the estimates of the

recurrent time (¢, ) by using LB and SAEM are equal to 17.4 and 22.8 months, respectively. Further,

the residual sum of squares of the proposed model by using the LB and SAEM algorithms are also
compared. Dose response models are the mathematical functions that relate the dose to the measure
of observed effect. Three models are considered, namely, the multistage Weibull, logistic and log-
logistic models. The study focuses on estimating parameters and comparing estimates in these three
models based on the method of maximum likelihood and Berkson’s minimum chi-square method. The
two methods are also applied to four real experimental data sets for each of the three models. Lastly,
we focused on apply the concept of sufficiency and Fisher information for the comparison of

experiments of different bivariate normal populations with arbitrarily specified means and variances

and with different forms of the correlation parameter rho ( p) and to apply the concept of sufficiency
for the simple linear regression model y =a+ fx+e e ~N (O, o’ ) ,X €[—1,1] non — stochastic

regression and for the one-way random normal model.

Keywords: Akaike’s information criteria, asymptotic comparison, Berkson minimum chi-square,
bivariate/trivariate normal populations, Box-Jenkins models, carcinoembryonic antigen, electre
method, Fisher information, fixed effects, information, linear models, logistic model, log-logistic
model, maximum likelihood, most uniform allocation, multistage Weibull model, multiple criteria
decision making method, nonlinear mixed effects model, nutrient indicators, one-way random effects
model, optimal designs, prices, random effects, repeated measures, Schwartz’s Bayesian criterion,

sufficient experiments, sufficiency, variance of white noise
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