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Abstract

A total of one hundred full-length research articles that are currently in press
were carefully analyzed in order to ascertain which specific statistical methods
are being utilized within these studies. This thorough investigation uncovered
a total of 24 distinct statistical methods employed throughout the articles
reviewed. Notably, it was discovered that 47% of these articles incorporated
any one of 16 advanced statistical methods in their analyses. Moreover, it was
observed that 14 of the 24 identified methods were utilized at an increasing
frequency in each year following 2002, suggesting a trend toward the adoption
of more sophisticated statistical techniques in health research over time.

It is strongly suggested that the Articles in Press sections of journals could
serve as a rich resource for the development of problems specifically related
to the statistical sections seen in licensing examinations for medical
professionals. This is of utmost importance, as future medical professionals-
whether they pursue general practice or specialize in particular fields-must be
adept at reading articles published in such journals. They should be able to
comprehend the methodologies and conclusions drawn in these articles, as
well as evaluate the validity of the research findings independently.

The present study represents an initial step toward achieving this goal, as
it seeks to identify the statistical methods that are actively in use within the
realm of health research by performing a comprehensive analysis of a focused
selection of the literature. The one hundred full-length research articles in
press examined for this study were chosen because they provide insight into
current practices within the field. Given the limited scope of articles studied
from the Articles in Press sections, it was anticipated that the most commonly
applied techniques would serve as the foundational methods for statistical
analysis in the published literature, thus leading to a somewhat constrained set
of methodologies being identified.

Furthermore, while exploring this unique sample of articles in press, it
became apparent that, apart from the fundamental methods of statistical
analysis, only specialized techniques tailored specifically to particular study
designs or research objectives might be found. Nevertheless, the overarching
goal of this research was to determine the broader analytical approaches
employed in analyzing the leading medical research that is published within
the country, as gauged by their impact on the field.
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Chapter - 1

Introduction to Statistics in Medicine

Biostatistics is fundamentally the application of various statistical methods to
a diverse array of subjects within the extensive and intricate field of biology,
encompassing numerous specialized areas and focusing on many intricate
relationships found within biological systems. This specialized discipline has
been significantly inspired and shaped by pressing medical needs to accurately
quantify and effectively describe the various illnesses that plague humanity,
as well as to meticulously identify and delineate potential risk factors
associated with different diseases that impact human health and well-being. In
addition to these crucial and life-saving functions, biostatistics also plays a
pivotal and influential role in predicting the trajectories of clinical studies,
thereby contributing essential insights that can ultimately drive advancements
in medical science. It also plays a key role in devising strategies to procure the
ordinarily necessary biological samples in more efficient and effective ways,
allowing for better data collection methods that enhance the quality and
efficacy of research outcomes.

Despite biostatistics being a highly regarded and essential research tool
in the arsenal of public health and medicine, the results derived from such
rigorous analyses can frequently be over-interpreted and misunderstood,
predominantly due to a general lack of awareness and understanding regarding
the specific methods and techniques involved in biostatistical analysis. The
misconceptions that arise-along with the inconvenient choices and statistical
misunderstandings that researchers often confront in practice-can significantly
mislead the conclusions that are drawn from important medical research
initiatives and public health assessments. It is important to acknowledge that
while biostatistics can hold considerable value when employed correctly and
judiciously within the framework of scientific inquiry, improper application
of biostatistical methods in research contexts can lead to erroneous
interpretations and potentially harmful consequences for patient care and
health policies.

Thus, it is crucial that any research involving a biostatistical approach
strictly adheres to proper methodologies and best practices to ensure accuracy
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and high reliability in the findings obtained. Ultimately, it is anticipated that
the results based on the described biostatistical analyses may remain
questionable without the appropriate rigor applied, and the overall message
conveyed through this article is regarded as critical in emphasizing the
paramount importance of sound biostatistical practices in the realm of
scientific research and various disciplines related to health and medicine. By
underscoring the need for precision and clarity in biostatistical applications,
we can work towards improving the integrity of research outputs and their
impact on global health initiatives [*2 3.4.56.7.8,9,10,11]
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Chapter - 2

Types of Data in Health Research

Collection, thorough analysis, and effective presentation of data are
undeniably the main components of any experimental study, forming the
bedrock upon which credible scientific research is built. The analysis of a
research study generally focuses largely on the specified research objectives
and the meticulously collected data, as the insights gained stem directly from
the data derived from the sample. This sample is intrinsically tied to the overall
research design, which encompasses all the data included in the findings. Any
statistical tool or method employed primarily serves to identify, quantify, and
accurately describe the various characteristics inherent in the dataset.
However, beyond mere analysis, the correct interpretation of the analysis
results is crucial. This interpretation emerges not only as an essential step in
understanding the data but also stands as the main aspect that ultimately leads
to the formulation of valid and reliable conclusions that can be trusted. These
valid and reliable conclusions are subsequently utilized to inform decision-
making processes in various fields and provide solid recommendations for
further study, which in turn enhances the overall usefulness and applicability
of the research conducted.

Data can be collected from a multitude of sources such as controlled
experiments, systematic observations, database queries, structured interviews,
or raw survey data emanating directly from participants. Depending on the
specific nature of the data and the precise research question or objectives being
examined, the type of analysis required and the methodologies of presentation
will vary significantly. As data unequivocally represent the heart of statistics,
during the complex and sometimes intricate process of data analysis and
presentation, it is common for many individuals-including researchers and
analysts-to feel confused regarding which specific statistical tools to employ
on a given dataset. They often grapple with questions related to which relevant
methods of presentation or display of data would accurately convey the
desired insights. The critical decision-making process in this endeavor is
ultimately made by carefully examining the types of data at hand along with
the clearly defined objectives of the research project being conducted.
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The effective collection of data, coupled with a thorough analysis and
subsequent presentation of findings, is undeniably among the key components
that form the backbone of any experimental study. It is important to reiterate
that the analysis of a research study generally emphasizes the specified
research objectives and the data collected during the course of the study. This
is crucial because the data derived from the sample, and selected research
design, encompass the important data points included within the research
findings. Any statistical tool or method utilized in this process primarily serves
the purpose of identifying and accurately describing the various characteristics
inherent in the compiled data, illuminating the underlying patterns and trends
within. Nevertheless, the correct interpretation of the analysis results holds
critical importance, as this interpretation shapes the conclusions drawn from
the study. These conclusions are then further employed to guide informed
decision-making and assist researchers in providing solid recommendations
for further inquiries and investigations. By doing so, the overall usefulness
and applicability of the research conducted can be greatly enhanced. Data can
indeed be collected from a diverse array of sources, including well-controlled
experiments, systematic observations designed to minimize bias,
comprehensive database queries, or the raw, unfiltered responses gathered
from survey data. Given the nature of academia and scientific research, the
type of analysis required and the various methods of presentation may vary
significantly based on the questions being posed. Recognizing that data truly
represent the very heart of statistics, the intricate and often complex process
of data analysis and presentation necessitates clarity and precision. Therefore,
it is common for individuals to experience some degree of confusion regarding
which specific statistical tools should be employed on a given dataset. Also,
individuals may ponder over which relevant methods of presentation or
display of data would be most appropriate or effective in conveying the
findings. Ultimately, the critical decision-making process in this endeavor is
made by carefully examining both the types of data at hand, as well as the
clearly defined objectives of the research undertaking that is being conducted,

ensuring that all facets of the study align in pursuit of valid and impactful
results [12, 13, 14, 15, 16, 17, 18, 19, 20]_

Measurement scale plays an essential and significant role in the
comprehensive process of data collection, analysis, and presentation. The
effectiveness of statistical tools and techniques can vary considerably from
one type of data to another, particularly in terms of the different methods used
for collecting data and the diverse strategies employed for data analysis. There
are primarily four distinct types of variables that researchers and analysts must
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be aware of, namely nominal, ordinal, discrete, and continuous. Each of these
variable types has unique characteristics and specific applications that differ
from each other in meaningful ways, thus influencing how they can be utilized
in various studies. Graphs and charts serve as a widely accepted and
commonly used means to visually describe, represent, and illustrate the
relationships contained within the data sets. In fact, there are numerous types
of statistical diagrams that are available and can be employed for the effective
presentation of any given data set. However, the choice of which particular
diagram or visualization to use is fundamentally based on the specific
objectives that are outlined for the analysis, along with the various types of
data that are under consideration. Selecting the relevant diagram that
corresponds appropriately to a data set is absolutely crucial, as it can be
extremely beneficial for quickly and effectively communicating vital
summaries and key findings to the intended audience, facilitating better
understanding and insight. This text delves deeper into the different types of
statistical data and their respective presentation methods that are commonly
utilized in the field of biomedical research, which is an area that heavily relies
on accurate data representation for drawing valid conclusions. During the
process of data analysis and presentation, many individuals often find
themselves in a confusing situation regarding which specific type of statistical
tools should be applied to a particular set of data. They may also struggle with
deciding what form of relevant data presentation they should ultimately
choose to adopt. The decision regarding these critical aspects is made by
carefully examining the types of data that are at hand, in conjunction with the
clear objectives of the research being conducted, paying attention to both the
nuances of the data and the goals of the presentation [2%: 22 23, 24,25, 26, 27,28, 29]

2.1 Qualitative data

Qualitative data are undeniably a vital and integral component of the
health research process, playing an essential role in understanding a wide
range of various aspects of health and medicine. The most common and widely
recognized use of such qualitative data among healthcare professionals and
researchers in the field of medicine involves facilitating the obtaining and
gathering of additional types of quantitative data, which can be critical for a
multitude of health-related inquiries. This well-established process of
integrating qualitative and quantitative data often enhances the overall
research findings and supports more comprehensive and multifaceted
analyses. Furthermore, qualitative data can also be utilized independently in
their own right, effectively labeling nominal categories, gathering rich
insights, and/or collecting additional statistics that serve a meaningful purpose
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as a form of tabulation or data reduction. Moreover, the statistical summary of
qualitative data provides a crucial means of extracting the characteristic
features, trends, and patterns, delivering a descriptive representation of the
data set being studied, and allowing researchers to paint a more detailed and
nuanced picture of the health phenomena in question. This comprehensive
process of summarization is intended to indicate how typical values can be
obtained from a sample of magnitudes, all of which lie within a specified
interval of the data spectrum. It includes descriptive statistics that serve to
quantify the central tendency of location, shape, and spread of sample data
through various measures including the mean, median, and mode, as well as
graphical representations like histograms and box plots. Additionally, various
techniques of inferential statistics allow researchers to draw insightful
conclusions beyond the immediate data set, making thoughtful inferences
about broader populations while carefully considering sampling variability
and ensuring the reliability of their findings. These aspects are significant in
comprehending the broader implications and applications of the findings
derived from qualitative data, ultimately enriching the expansive field of

health research and greatly benefitting both practitioners and patients alike (%
31, 32, 33, 34, 35, 36, 37].

Categorical data encompass a wide range of both qualitative (or nominal)
types and ranked (ordinal) varieties that play a crucial role in understanding a
diverse array of datasets across different domains. Nominal data consists of
distinct observations pertaining to a categorical variable, which fundamentally
carries no implied or inherent natural ordering of its categories. This means
that while we can assign labels to different groups within the data, there exists
no sequence or hierarchy among them, making each category equally
important. In contrast, ordinal data is characterized by the presence of a clear
and definitive natural ordering among the different categories, where some
categories are inherently ranked above others based on certain criteria or
attributes. To effectively summarize, visualize, and represent qualitative data,
two essential graphical representations are commonly employed: the bar graph
and the pie chart. Each of these graphical techniques utilizes frequency
distributions to convey information in a clear and concise manner, making
complex information easier to digest. Consequently, the most prevalent
statistical summaries of qualitative data include crucial measures of central
tendency and measures of dispersion that assist researchers and analysts in
interpreting the data effectively. These fundamental measures encompass the
Relative Frequency Distribution of Qualitative Data, the Bar Graph and Pie
Chart representations, as well as the Qualitative Measures of Central
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Tendency and Measures of Dispersion that are particularly relevant to
Qualitative Data. Utilizing these valuable tools and techniques facilitates a
comprehensive understanding of the data being analyzed and presented,
ensuring that the information is both accessible and meaningful for
interpretation and decision-making purposes across various fields and
applications in research and analytics. This comprehensive approach ensures
that stakeholders can derive insightful conclusions from the data while
effectively communicating results to a wider audience [38 39,40, 41, 42,43, 44, 45]

2.2 Quantitative data

In the realm of longitudinal data analysis, the unit of analysis
predominantly consists of repeated measures that have been meticulously
collected from individuals or clusters of individuals. These entities can
encompass a wide-ranging assortment of diverse subjects, such as countries,
specific schools, various organizations, or other identifiable units, and these
measures are gathered over several discernibly distinct time periods that may
differ greatly in terms of their nature, relevance, or significance. A typical
dataset of this kind is characterized by a considerable number of rows,
complemented by an expansive variety of measures that meticulously reflect
the multitude of attributes or activities linked to the specific units being
considered in the analysis.

To vividly illustrate this concept, let us contemplate a detailed dataset that
may involve around 1,000 small and medium-sized enterprises (SMEs). For
every single SME represented in this dataset, there are three distinct
longitudinal measures that have been recorded over each of the seven specified
time periods. This emphasis on diving into different aspects is crucial to
adequately capturing the full spectrum of their operations, performance, and
behaviors. Consequently, this systematic organization of data results in a
comprehensive panel dataset that encompasses an impressive total of
approximately 21,000 rows. This extensive grand total is derived from a
calculated formulation wherein the seven distinct time periods are multiplied
by the three specific measures applied, ultimately resulting in a product that
accurately mirrors the activity and performance of 1,000 unique units over the
designated time frame.

Furthermore, in a variety of scenarios where the samples being analyzed
reflect a complex hierarchical structure-such as clusters that are grouped by
country for the SMEs (which is commonly referred to as CSA: SMEs in
countries)-the longitudinal observations collected from these SMEs over time,
through various reliable and validated data collection methods, significantly
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contribute to the establishment of a multi-level data structure. This intricately
structured framework not only facilitates nuanced and layered analysis but
also serves the vital purpose of distinguishing the differing influences and
factors that may be observed across different levels within the hierarchy.

In this specific analytical framework, time is meticulously measured at
level 1, which is then thoughtfully nested within the SMEs at level 2, while
these SMEs are further nested into the various CSAs at level 3. This
methodical approach to hierarchical structuring effectively captures the
complexities and interdependencies that are inherent in the relationships
presented in the data, showcasing not only the corresponding changes that
transpire over time, but also the invaluable context within which these SMEs
operate and function. Ultimately, this sophisticated and richly layered
analytical framework significantly enhances the analytical power and depth of
the longitudinal data, providing a robust infrastructure for interpretation and
insight generation [46, 47, 48, 49, 50, 51, 52, 53, 54, 55].

In this particular data situation, the set of data is methodically stored in a
format that is characterized by having a distinct row carefully crafted
specifically for each individual observation collected within the full scope of
the study. This specific dataset is commonly referred to as the long format,
which is absolutely crucial for proper data organization and effective analysis.
In terms of structure, this signifies that within the long dataset, there exists a
total quantity of rows that is perfectly equivalent to the number of observations
collected, with each individual row uniquely representing a case-wave pairing
for every single one of the relevant variables that are being painstakingly
analyzed. Furthermore, one fundamental and absolutely crucial requirement
in the detail-oriented preparation of longitudinal data for the Multilevel Model
(MLM) is that the data must adhere to a strict principle of balanced ontology
or consistent measurements across the entire breadth of the dataset. This
important condition dictates that each Subject Matter Expert (SME) must
possess an identical number of measures consistently replicated across the
various defined time points, ranging from t1 to t5. Therefore, any SMEs who
present any missing values concerning any of these defined measures must
necessarily be removed or excluded from any subsequent stages of thorough
data analysis. In fact, it is quite common for a substantial number of
observations to be deleted or excluded throughout the methodical data analysis
process due to this specific necessity and requirement. This meticulous and
systematic approach is of great importance as it ensures that the integrity and
reliability of the dataset are meticulously preserved, thereby allowing for more
accurate and dependable analytic outcomes that can be trusted for decision-
making and further research initiatives that may follow [56. 57. 58, 59, 60, 61, 62, 63],

Page | 9



Chapter - 3

Descriptive Statistics

When analysing data, it is always highly beneficial to be able to describe it in
relatively few words and terms. At the very least, this concise description
might allow someone to grasp the essential nature of a variable in any occasion
when it is reported, and it helps in appreciating the inferences or decisions that
can legitimately be based on that particular variable. It is crucial to realise,
however, that the resistance of the median and the interquartile range (IQR) to
extreme or outlying values is only gained through the deliberate sacrifice of a
considerable amount of information that is available in the entire sample. Any
thoughtful investigation that requires you to record your data for later
reporting, or to read about various measures of central tendency related to
specific variables, should also necessarily report measures of variability in
conjunction with those central tendencies. In the most elementary sorts of
investigation, it is often the case that individuals for whom you will design
questionnaires, or those responsible for reporting data, may be allowed only
to report either the appropriate measures of central tendency or the relevant
measures of variability. On the other hand, it is crucial to consider measures
of central tendency alongside measures of variability and to view them as
inextricably linked one should never report one without also including the
corresponding other. While means and standard deviations will often
dominate the discussion as preferred measures for describing data, there may
also be instances where other descriptive measures, such as those for skewness
and kurtosis, may prove to be of significant interest if a more complete and
detailed description of any variable is desired for thorough analysis.
Moreover, there may also be instances where only two of the measures-
skewness, kurtosis, median, or IQR-can be recorded for a certain variable.
Although any of these might reasonably be selected based on the particular
context of the investigation, it will always be the most informative approach
to select appropriate measures of central tendency in addition to any measures
of variability as well. Historical record and present practices in the realm of
descriptive statistics collectively form a vast and diverse body of literature that
is available for the keen seeker of knowledge and those interested in the
comprehensive understanding of data analysis. This extensive topic is
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thoroughly discussed by most writers focusing on the fundamentals of
statistics, who delve into its complexities, nuances, and significant
applications across various fields and disciplines [64 85 66, 67,68, 69,70, 71,72, 73]

3.1 Measures of central tendency

The three most frequently reported measures that define the concept of
central tendency are known as the mean, the median, and the mode. Each of
these measures reflects a unique approach to understanding and defining what
central tendency means within a given distribution of scores observed in a
dataset. Among these measures, the mean is recognized as the most widely
used and accepted standard measure of central tendency. It can be
comprehensively understood as the total sum of all individual scores
pertaining to a specific variable within a given sample, which is subsequently
divided by the total number of scores included in that sample. The resulting
value can be interpreted as the average score for that particular sample,
providing a central point around which the data tends to cluster. Importantly,
for any specific sample of data, there exists only one possible value for the
mean within a particular distribution of scores. This characteristic lends the
mean to be a frequently preferred measure of central tendency, as it effectively
utilizes all the available information present within the sample data. However,
it is critical that each computed mean is properly interpreted in relation to the
original units of measurement pertaining to each variable involved in the
analysis. One significant characteristic of the mean is its sensitivity to extreme
values; these are often referred to as outliers, which can significantly distort
the overall value of the mean and thus provide a skewed representation of the
dataset.

In contrast, the median is defined as the center or middle score of a set of
scores and is unique for having only one definitive median, which corresponds
to the relative order of all the scores present in the dataset. The median can be
accurately calculated for a variety of different types of datasets, including
ordinal, interval, and ratio data sets. The value of the median is determined to
lie at a specific point within the distribution such that half of all the scores in
the distribution are located below this point while the other half are situated
above it. To determine the precise value of the median, the individual data
scores must first be systematically organized in ascending order to facilitate
an accurate calculation.

The mode, in a contrasting manner, is identified as the score or category
that has the highest frequency of observations within a certain data set. Modes
can be computed across any scale of measurement; however, they are most
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frequently applied within nominal scales due to their relative simplicity and
ease of interpretation. In cases wherein there are no repeated scores present
within a distribution of data, such datasets are described as having no mode,
and consequently, they may be characterized as amodal. By utilizing these
various measures of central tendency, researchers can more accurately
describe the same dataset, providing a straightforward definition that
effectively encompasses the range and characteristics of the distribution of the
data. For example, mean measures might be focused on the weight of
participants in sample 2, with a calculated variance whose value is noticeably
less than the observed variances of weights found in samples 1 or 3.

Furthermore, the median rank of the universities attended within the
context of this sample for the degree programs offered is consistently
calculated as a value of 3 for each positional ranking of the universities
represented in the data. The mode can be used to measure the most commonly
utilized modes of transportation for travel within sample 1, as well as
determine the highest number of college graduates who successfully
completed their Master’s degrees represented in sample 3. Additionally,
variance and standard deviation measurements might be employed to examine
the GPAs of participants from high school in comparison to their current
GPAs, highlighting that, within the context of sample 1, the standard deviation
of participant ages has been found to be 1.27 times greater than the standard
deviation of ages for those attending their first degree programs. This further
emphasizes the critical importance of understanding the measurement scales
of the relevant variables available for analysis by the researcher.

In the realm of statistical analysis, there are four distinct “measurement
scales” of numbers, each of which possesses specific properties that define
both the strength and suitability of the statistical analyses that can be
performed with them. The essential properties of these measurement scales
are

1) ldentity, which denotes the unique identification of each value;
2) Magnitude, indicating the correct order of values;

3) Equal distance, ensuring consistency in the intervals between values;
and

4) Absolute zero, which establishes a true zero point in the scale.
When these properties are absent, numbers can only be accurately

categorized as either “nominal” or “ordinal,” resulting in a significant

limitation on the range of statistical analyses that can be conducted with them
[74,75,76, 77, 15, 78, 79]_
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3.2 Measures of dispersion

For measuring the variability found within a particular distribution, it is
crucial to couple measures of central tendency with corresponding measures
of dispersion to gain a comprehensive understanding of the data at hand. There
exists a wide array of measures of central tendency, among which the most
commonly utilized are the mean of a distribution and the median of that
distribution, with the median often denoted simply as the median. This median
value represents a critical point in the distribution, as it is defined
mathematically as the value for which the probability of being less than this
value is greater than or equal to 0.5, while simultaneously, the probability of
being greater than this median value is also greater than or equal to 0.5. In
situations where only a single value meets these two specific conditions, the
median is considered unique; however, in contrast, if multiple values fulfill
these conditions, the median is regarded as non-unique. This permits any value
that falls within the range of those satisfying values to be confirmed as the
median. Furthermore, in instances where the set of satisfying values happens
to be empty, it can be concluded that the distribution lacks a median entirely,
highlighting the importance of the median in the overall analysis of statistical
data.

In the realm of statistics, there exist four distinct groups of well-known
measures of dispersion which can serve as effective supplements to quantiles
in describing a distribution accurately. Within the first group, the average-
based measure stands out clearly as the most recognized representative, which
is the so-called mean deviation associated with the particular distribution that
is being analyzed. The mean deviation of a continuous distribution is formally
defined as the integral of the absolute difference between any arbitrary value
x and the population mean value, where the mean here refers specifically to
the average of the distribution itself. It is truly essential to note that a vast
number of alternative definitions have been established over time for
measuring the dispersion of various types of distributions, and these allow a
significant degree of flexibility in the world of statistical analysis.

Moreover, quantile-based measures of dispersion are specifically
applicable only to continuous distributions, which can frequently lead to
misunderstanding or misapplication in contexts that are not fundamentally
based on quantile functions. While these measures are indeed prevalent in
practical applications, there are few notable exceptions, all of which are
characterized by very restrictive conditions. This makes it of little
consequence whether the distributions under consideration are continuous or
discrete, as the statistical principles governing them remain largely invariant.
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In the majority of medical statistics textbooks, it is often posited that a uniform
dispersion describing function can effectively be utilized for both quantile
functions and distribution functions alike. In the case of continuous
distributions, it is, in fact, true that the interquartile range serves as a legitimate
measure of variability; however, it is exceptional in nature because there are
no similar non-quantile sets of levels available, and this reality holds true only
for select distributional shapes.

The theoretically derived discrete dispersive orders are subsequently
applied to several popular discrete distributions in order to ascertain whether
they are systematically ordered in a clearly observable direction, which
extends beyond the already established statistical results recognized through
prior evaluations. This exploration of dispersive measures adds depth to our
understanding and offers a more nuanced perspective on the behavior of data
across different contexts and types of distributions, revealing the subtleties

and complexities inherent within statistical analysis and its practical
applications [80, 81, 82, 83, 84, 85, 86, 87, 88]_

Page | 14



Chapter -4

Inferential Statistics

4.1 Introduction to Inferential Statistics

Descriptive statistics plays a vital and essential role in effectively
describing, analyzing, and thoroughly summarizing the key features of a
specific data set in detail. It provides insightful perspectives into the overall
structure, organization, and distinguishing characteristics of that data set. The
distributions of data are critically important; they serve to depict, illustrate,
and communicate the summaries of the frequencies associated with each
individual value of a particular variable. This helps in facilitating a clearer,
more accessible, and comprehensive understanding of the underlying patterns
and data trends that may exist within the set.

The concept of central tendency of a distribution refers to a value that
serves as an estimate representing the ‘“center” point of a frequency
distribution, offering a clear and effective sense of where the majority of data
points are concentrated. The most commonly utilized point estimates used to
assess central tendency include the mean, median, and mode, each of which
provides unique insights and perspectives into the data. The mean, which is
frequently referred to as the arithmetic average, is computed by summing all
of the individual values contained within a complete data set, followed by
dividing that total sum by the overall number of observations present in that
set. In contrast, the median represents the value that lies precisely at the
“middle” of a distribution. This implies that the number of observations that
fall above the median is equal to the number of observations that fall below it,
thus highlighting its positional significance in the data realm. Medians are also
utilized extensively to describe various relevant metrics, which can encompass
durations, proportions, and rates. Utilizing medians can provide a more
nuanced and refined view of the data at hand, strengthening overall analysis.

Importantly, due to the differing calculation methods involved in
determining central tendency, distributions of the median can often diverge
significantly from those of the mean. This divergence occurs particularly in
cases of skewed data sets that are not symmetrical. The mode, on the other
hand, is defined as the value that appears most frequently within a given data
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set. This measure can also prove to be particularly useful, especially in various
scenarios where the data exhibit extreme values or outliers. In such cases, the
median tends to be a consistently more representative measure of central
tendency when compared to the mean. This is primarily because the median
is less susceptible to being influenced by those extreme values that may exist
in the dataset, providing a more reliable central point.

Beyond the analysis of central tendency, statistics possess the capacity to
provide insightful knowledge and understanding about the range and
dispersion observed within the data set itself. Some of the commonly used
measures of dispersion that help quantify variability across the data include
the range and the Standard Deviation (SD). The standard deviation serves as
a meaningful indicator of the degree of dispersion present within a parametric
distribution, acting as a powerful tool for understanding how spread out the
individual data points are around the calculated mean value. In the case of
normal distributions, a particularly noteworthy observation is that roughly
68.3% of the observations will typically fall within the range of £1 standard
deviation from the mean, while about 95.4% will be located within +2 standard
deviations, and nearly 99.7% will lie within £3 standard deviations from the
mean.

Descriptive statistics also furnish a solid means to broadly describe and
illustrate the overall shape and notable characteristics of the distribution of
observations. This enhances the analytical framework that is essential for
interpreting data effectively and meaningfully, allowing researchers and
analysts to draw accurate conclusions and informed decisions based on
comprehensive statistical insight (8% 90. 91,92, 93,94, 85,96, 97]

4.2 Using inferential statistics

The convenience and overall experience of the viewer can be significantly
enhanced by utilizing a variety of functions that go beyond and above the
standard advanced handling features that are typically found in conventional
imaging software. One particular feature that stands out prominently is the
anonymize function, which becomes extremely convenient when it comes to
sending sensitive images to colleagues for consultation or detailed review,
ensuring that patient confidentiality is meticulously upheld and maintained.
Furthermore, density windows functions are incredibly beneficial as they
greatly enhance the readability of images, thereby making it easier for medical
professionals to interpret the data accurately and effectively. Additionally,
there are various specialized filters available that allow users to sharpen the
images to a remarkable extent and achieve a render that is much closer to
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actual reality. This sophisticated process is accomplished through the
intelligent use of very advanced three-dimensional generated filters that are
skillfully translated back into a two-dimensional representation with the aid of
sophisticated shader filters that enhance visual quality.

Moreover, it is also possible to combine and “pin” several distinct
imaging views together, such that whenever scrolling or navigating occurs in
one view, the corresponding visual adjustments will seamlessly be mirrored
in another synchronized view. This capability is absolutely essential for
enhancing the workflow of professionals who routinely work with multiple
data sets simultaneously. In order to successfully perform such a complex
connection of several views from different series, for instance, establishing a
specific color lookup table, or “CLUT,” is necessary. These multiple distinct
views are then effortlessly combined into a cohesive and organized “album”
for remarkably easier access and cross-referencing among various imaging
data. All of these methods, configurations, and customizable settings can
conveniently be saved in a format that is ready for immediate use, allowing
the crucial information to be sent without hassle and easily, without any loss
of quality either via e-mail or transferred directly into telemedicine systems.
This can be particularly beneficial in developing countries, where such vital
systems can be established at no exorbitant cost, thereby enhancing the
standards of medical care available. This significant advancement allows a
specialized medico-radiologist to offer invaluable advice and support
remotely, contributing positively to the overall improvement of healthcare
Services and accessibility [98, 99, 100, 101, 102, 103, 104, 105, 106].

4.1 Hypothesis testing

Hypothesis testing stands as arguably the most critical aspect within the
field of statistics when it comes to conducting health research. Due to its vast
significance and essential role, a concerted effort has been made to elucidate
and clarify this fundamental concept. This is achieved through various means,
including narrative explanations as well as a wide variety of exercises aimed
explicitly at enhancing understanding. It is important to recognize that there
exist two distinct groups of individuals who need to grasp the concept of
hypothesis testing in their research endeavors: (a) those individuals who
possess a robust knowledge of statistics, and (b) those individuals who have
only a limited exposure to statistical concepts and methodologies.

The first group comprises individuals who are likely to reanalyze clinical
trial data that has already been published in the scientific literature. For these
scholars, it becomes imperative to have a comprehensive understanding of the
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statistical methods utilized. This understanding enables them to independently
verify the accuracy, relevance, and validity of the results that have been
presented in such literature. These individuals are highly encouraged to refer
to the extensive bodies of work that delve into the hypothesis testing topic
with much greater depth, rigor, and technical detail. On the other hand, the
second group primarily includes researchers whose understanding of statistics
may be quite superficial, indeed limited in scope.

Most of the content provided in this text has been specifically designed to
cater to the needs and requirements of this second group. In the majority of
instances, only the statistical data that is made readily available in the public
domain will be presented for their use. However, it is crucial to note that this
typically will not furnish full or thorough details of the methodologies that
were employed in the various studies. ldeally, new entrants into the realm of
research would engage in collaboration with an experienced biostatistician.
This collaboration would be greatly beneficial to ensure accurate
interpretations and applications of statistical concepts; however, the reality is
that such collaborative efforts are not always feasible or readily available to
researchers.

Irrespective of these prevailing factors, it remains essential for all readers
and participants in this research process to be cognizant of certain limitations
that are inherent in hypothesis testing. The application of statistics is
frequently perceived by many as a definitive answer to complex scientific
inquiries and questions; however, this perception can be quite misleading. The
nature of statistical testing is inherently constrained, as it can solely quantify
uncertainty, providing estimates that may not encapsulate the full scope and
complexity of the original research question at hand.

Additionally, another significant limitation arises from the critical reality
that the selection of hypotheses, the design of the study, and the choice of
statistical tests conducted should ideally stem from a solid grounding and deep
understanding of the subject matter being investigated. This grounding,
regrettably, may not always hold true in all research contexts. Furthermore,
the questions that are of paramount interest to the researcher may not always
be amenable to effective investigation through the lens of statistical testing.

Finally, it is important to note that statistics is frequently poorly
comprehended by many researchers who utilize these methodologies and data
analyses, leading to a prevalence of fundamental errors in calculations and
analyses. Such mistakes can significantly undermine the integrity and
reliability of their findings in the broader context of health research. It is,
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therefore, crucial to acknowledge these shortcomings and navigate through
them with caution and awareness [107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118]_

4.2 Confidence intervals

Confidence intervals (Cls) possess significant potential to replace the
traditional reliance on p-values in medical studies, offering a more informative
and comprehensive approach to interpreting complex statistical data. The
rationale behind advocating for the presentation of Cls in a specific format is
to enhance both understanding and acceptance of this vital change in the way
we evaluate medical research outcomes. For instance, consider a scenario
where the 95% confidence interval pertaining to the observed difference
between the effects of anti-hypertensive drug A and drug B, specifically
concerning their direct impact on blood pressure levels, ranges from 1 mmHg
to 5 mmHg. This range clearly implies that the discernible difference between
these two drugs is statistically significant and worth noting in any medical
assessment. Furthermore, it is important to highlight that the 99% reference
interval regarding healthy preprandial blood pressure is highly unlikely to
encompass these calculated values, reinforcing the validity of the findings. On
the other hand, the reference interval for preprandial blood pressure under a
hypertensive dose-response circumstance, particularly in relation to influences
arising from the Valsalva maneuver, is considerably more likely to include
values that exist beyond the defined range presented.

Moreover, when we delve into the analysis of infection rates, the odds
ratio obtained by comparing the cohort that was vaccinated against three-
monthly influenza with the cohort that was subjected to annual vaccinations
is exceedingly unlikely to be less than 1. This observation further bolsters the
notion that these confidence intervals provide vital, actionable information
about statistical significance and efficacy in real-world applications. When
constructing confidence intervals for paired data, it is always preferable to first
identify the control group and then follow up with the treatment group to
ensure clarity and coherence in data presentation. It is also important to be
cautious and avoid using confidence intervals for stratified data. This caution
is warranted due to the fact that the construction of Cls has yet to be
thoroughly validated for those specific types of datasets, which can lead to
misleading conclusions. This point is particularly relevant as data collected in
medical studies is often not distributed normally, a factor which can skew
results and interpretations, leading to potentially erroneous insights.

Moreover, it is crucial to note that merely presenting rough strings of
zeroes does not serve as a valid representation of a numerical value that falls
below 1, particularly in scenarios involving low variance data where
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variability is minimal. Utilizing the display option to Show Readout Number
& values allows for a revealing of the confidence intervals along with the
enclosing frequencies for all methods employed in the generation of a numeric
value. This enhanced clarity assists researchers and practitioners alike in
visualizing and understanding the data at hand more effectively. In the context
of Task 70, considerations were addressed regarding the display of confidence
intervals specifically for incident rate ratios; however, it was ultimately
determined that this intricate topic extended beyond the current scope of the

question being discussed, underscoring the need for focused analysis in
medical statistics [119, 89, 120, 121, 122, 123, 124, 125, 126, 127]_

Confidence Intervals (Cls) provide a wealth of clinically useful
information that surpasses what p-values can offer, and as a result, they are
generally embraced and preferred by statisticians and reviewers across various
scientific disciplines. Unlike p-values, which can sometimes offer misleading
conclusions, Cls effectively illustrate the precision of the point estimates
derived from studies. It is quite interesting to note that events defined as
significant due to the p-value of the test(s) being less than a predetermined
significance level, commonly referred to as alpha, may still possess Cls that
encompass values corresponding to other events. Within the domain of health-
related science, particularly in fields that may outwardly seem similar but
adopt differing methodologies, such Cls can occasionally be as elusive as
hens’ teeth in the published literature. Their occurrence, therefore, carries
exceptional value and importance, offering insights that might otherwise be
overlooked.

Furthermore, in the specific context of the Welsh healthcare environment,
securing admission into medical or mental health care services for the elderly-
whether during the present time or throughout the relevant assessment
interval-may involve utilizing varied bases or conceptual frameworks. These
frameworks are meticulously constructed with the aim of delivering
meaningful insights into significant models and might elucidate the rationale
regarding why an event, interpreted from one specific viewpoint, is employed
to generate non-overlapping Cls. This stands in contrast to another event that
may be scrutinized through a different analytical lens. Such distinctions serve
to highlight the underlying complexities and the critical importance of
understanding Cls comprehensively, as this understanding can substantially

influence healthcare outcomes and interpretations in research [128. 129,130,131, 132,
133, 134, 135]
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Chapter -5

Statistical Models in Medicine

1) Background

Statistical modeling serves as an absolutely essential and indispensable
tool for the purpose of systematically developing evidence-based knowledge
within the complex and multifaceted realm of the medical field. This critical
and intricate process effectively addresses the nuanced and intricate
relationships of explanatory variables with one another, alongside an
independent variable that represents a response variable which is of significant
scientific and clinical interest. When properly and aptly developed, these
sophisticated models provide not only a profound and deeper understanding
of the complex mechanisms that exist in medicine, but they also possess
substantial predictive power that can be employed effectively for crucial tasks
such as diagnosis, prognosis, evaluation, and ongoing surveillance to enhance
patient outcomes. A plethora of diverse model-building strategies exist,
ranging from the theory-driven development of linear regression models or
the meticulous construction of robust mechanistic models that are described
by ordinary differential equations, to more advanced and sophisticated
empirical techniques that build on vast amounts of big data and aim at
generating widely applicable and universally relevant results that can be
broadly utilized across various medical contexts. Clinical institutions,
especially in highly developed countries where health care standards are
expected to be the highest, are currently under immense and overwhelming
pressure to enhance and improve these empirical model-building technologies
and methodologies. However, the development of both clinically feasible and
statistically valid models of health care may very well provide challenges that
are even greater than those encountered in the fields of high-tech industries,
where precision and accuracy are of utmost importance and highly prioritized.
The bias-variance trade-off, the ever-present risk of overfitting, and the
perilous act of simply neglecting important and potentially influential
variables are just a few of the many pitfalls, complexities, and substantial
challenges that must be navigated carefully in the delicate and meticulous
process of developing robust models in the medical field. Consequently,
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thorough validation and rigorous scrutiny of these models are crucial for
ensuring their reliability and effectiveness in practical applications, ultimately

leading to advancements in medical science and improved health care
practices [136, 137, 138, 139, 140, 141, 142, 143, 144, 145]_

2) Introduction

On one hand, in the vast majority of clinically oriented studies that are
explicitly designed to directly correlate with patient outcomes and improve
various healthcare practices, researchers have access to a considerably larger
pool of potential predictors for analysis than there is in terms of the available
target sample size required for their study. Conversely, a notable number of
these potential predictors, unfortunately, can only be represented by limited
numbers of patients, which complicates and undermines the reliability of any
statistical conclusions that can be drawn based on such restricted data.
Furthermore, the implementation of variable selection techniques for model-
building purposes is often overlooked in numerous research settings, despite
its critical and vital significance in the field of statistical modeling. In recent
years, there has been a significant and noteworthy increase in the development
of a diverse range of variable-selecting methods that have been introduced,
which includes both traditional approaches as well as more modern,
contemporary techniques. A thorough and comprehensive overview of the
evolution of statistical modeling techniques, with a specific focus on model-
based variable selection, has now been made available for those interested in
enhancing their knowledge in this area. Additionally, a data-centered
algorithmic approach is presented, which may provide a practical and
innovative solution to the pressing need for more rigorous and refined
strategies for model building, especially in the complex, multifaceted, and
perpetually evolving domain of medicine. It has been observed that the
statistical analyses published within a broader collection of biomedical
journals often fail to meet the minimum standards that are now expected in
current statistics and data analysis practices. The overarching aim of the work
being presented is to ensure that recent theoretical advancements in statistical
modeling are not only available to the relevant audience but also easily
accessible to a wider medical community that may not possess advanced
statistical training or specialized expertise. This encompasses essential and
key concepts such as the identification of interaction terms, tackling the
prevalent issues surrounding sampling variability, effectively addressing
informative missing data, clarifying transformation phenomena, and
providing general recommendations for best practices within the intricate art
and science of model-building. The presentation of all these crucial aspects
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comes accompanied by readily available algorithms that can be conveniently
integrated into applicable software, thereby empowering researchers and
practitioners to effectively implement these invaluable strategies within their
own respective work environments. Altogether, the article is believed to
furnish a thoughtful and comprehensive array of potentially useful tools that
may significantly enhance the overall quality and dependability of healthcare
research, ultimately benefiting patient care and leading to greatly improved
outcomes across the board [146, 147, 148, 149, 150, 151, 152, 153, 154].

5.1 Linear regression

Linear regression stands as the most widely utilized statistical model
across the expansive and diverse field of data analysis in contemporary
settings and applications. This widespread prominence can largely be
attributed to the remarkable accessibility and user-friendly interfaces of
numerous statistical software packages that greatly simplify the modeling
process. Such significant advancements have made linear regression not just
comprehensible and straightforward, but also accessible to a wide and varied
audience of users. This includes not only trained professionals with advanced
degrees but also those individuals who may lack formal education in the
intricacies of rigorous statistical methods and theories. The resulting
accessibility empowers researchers, data analysts, students, and enthusiastic
learners alike to effectively and confidently employ linear regression
techniques in their various projects, academic pursuits, and professional work
endeavors. A commonly encountered inquiry within the literature revolves
around the notable and critical reasons explaining why the inclusion of
additional predictors in a regression model may lead to sometimes substantial
alterations in the significance of the results obtained. While a straightforward
answer to this elaborate issue might seem elusive and complex, it
fundamentally rests on the important notion that univariate and multiple
regression models operate under differing sets of underlying assumptions that
cannot be overlooked. One critical aspect of this distinction lies in the attentive
consideration of potential confounders and their importance within the
comprehensive framework of a multiple regression analysis. Such contextual
awareness and understanding are crucial, as it implies that the implications
and conclusions drawn from results generated by univariate regression
analyses can differ significantly when accurately juxtaposed with those results
derived from multiple regression techniques, even if each distinct modeling
approach has been applied correctly, appropriately, and legitimately.
Therefore, a solid understanding of the nuanced distinctions between these
two forms of regression modeling becomes imperative for accurate
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interpretation, meaningful understanding, and comprehensive analysis of the
complex data in question, leading to ultimately better-informed decisions

based on the derived and insightful interpretations of the analytics 155 156, 157,
158, 50, 159, 160, 161, 162, 163]_

In numerous medical studies, regression analysis often incorporates a
considerable number of independent variables, commonly referred to as
predictors. For a variety of doctors and health researchers, any observable
relationships between the outcome variable and these predictors can be of
profound interest and merit further investigation. The sheer multitude of
potential relationships generates an extensive array of possibilities. However,
in many contexts, it is expected that regression analysis can effectively address
two interconnected questions that hold primary importance. The first question
pertains to whether each individual predictor maintains a significant
association with the outcome variable while appropriately adjusting for the
influence of other covariates present within the dataset at hand. The second
question delves into the modeling aspect-which of these predictors ought to
be integrated into the linear regression model to notably enhance its
explanatory power and predictive accuracy? In both of these key scenarios,
model selection plays a vital role in discerning which predictors are genuinely
associated with the outcome in a meaningful, interpretable way. This is a
widely acknowledged occurrence within the field of statistics and data
analysis. It is essential to acknowledge that the application of model selection
tests, especially when employing methodologies such as stepwise selection,
can potentially induce p-value distortions for the predictors that are ultimately
selected into the final regression model. Despite this well-recognized concern,
even after a lengthy span of twenty-five years, stepwise model selection
methods continue to be prominently available in a multitude of statistical
software packages that are utilized extensively by researchers and
practitioners alike. The foundational premise of this methodology involves
initially conducting a univariate regression analysis on each individual
predictor. If the resulting p-value falls below a pre-specified significance
level, generally set at a conservative threshold, the respective predictor is then
integrated into the multiple regression model. Following this initial
assessment, the second step typically involves fitting a new multiple
regression model that incorporates all of the identified predictors from the first
stage of analysis. This two-step procedural approach is then carried out
repetitively until no additional predictors can be either included in or discarded
from the model. The objective here is to illuminate practical scenarios that can
emerge and provide valuable insights and suggestions for appropriately
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applying multiple regression methods in real-world research settings. This
methodological approach has been actively implemented in various academic
and clinical settings, and it remains in frequent use among researchers and
family members involved in these important studies. A detailed replication of
simulation studies, utilizing precisely the same reporting methodology and
results presentation as previously described, is now illustrated in Figures 3B
and 3D, providing a visual representation of the findings. Importantly, all three
model selection methods-whether they involve retaining or entering predictors
at the 0.1 and 0.05 significance thresholds-result in a alarmingly high rate of
100% false positives across the board. In simpler terms, these model selection
processes significantly heighten the probability of erroneously identifying a
false effect, thereby underscoring a critical and persistent challenge in the
complex field of regression analysis, especially in the pursuit of producing

reliable and valid conclusions based on statistical methodologies [164 165,166, 167,
168, 169, 170, 171]

5.2 Logistic regression

Logistic modeling, which is often referred to as logistic regression,
represents a significant and essential statistical method that finds extensive
and broad application across various disciplines, especially in the fields of
medical and epidemiological research. This powerful and sophisticated
technique is chiefly employed to model and thoroughly understand the
complex and intricate relationships that exist between a variety of exposures
and numerous risk factors, as well as potential prognostic factors, and the
resultant sequelae or simply put, the outcomes that researchers are primarily
interested in assessing. These outcomes are generally closely associated with
disease status or the occurrence of specific health-related conditions that can
affect populations. In a multitude of studies of this kind, odds ratios are
frequently used as a means to provide a measure of association between
variables; however, it is critically important for researchers to recognize that
these ratios can sometimes lead to misleading and inaccurate estimates of the
underlying relative risk that they are aiming to uncover. One of the primary
reasons behind this discrepancy arises from the inherent tendency of these
estimates to be inflated or overestimated, which can subsequently skew the
results and the interpretations made by researchers. This kind of
overestimation can often emerge from how the odds ratio is interpreted and
contextualized within the framework of the specific research study. It is
particularly vital to grasp the concept that the odds ratio tends to closely
approximate the relative risk, particularly when the outcome under
consideration is relatively rare in the population being studied. Furthermore,
this specific phenomenon becomes especially evident and pronounced in
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scenarios where the incidence rate of a disease or the occurrence of a particular
health status is notably low. Such conditions can give rise to potential
misinterpretations and misunderstandings that can ultimately affect the
conclusions that are drawn from such studies and their broader implications in
real-world settings. Thus, understanding these nuanced aspects of logistic
modeling is absolutely essential for researchers, enabling them to accurately
interpret their findings and significantly contribute valuable insights into both

public health and clinical practice that can be beneficial for overall societal
health outcomes [172,173, 174, 175, 176, 177, 178, 179, 180].

Estimates of the relative risk through odds ratios represent a fundamental
advantage of utilizing logistic regression techniques in statistical analysis.
This particular statistical method not only serves to calculate odds ratios
efficiently, but it also plays a crucial role in providing valuable and nuanced
estimates regarding the effects of potential covariates on the outcome of
interest while simultaneously adjusting for the impact of the basic exposure
under investigation. The core mechanism underlying logistic regression
involves the meticulous computation of the odds ratio that exists between the
primary exposure and the resultant outcome, rather than directly estimating
relative risk in a straightforward manner. It is notably important to recognize
that the overestimation of relative risk when employing odds ratios-both crude
and adjusted-is significantly influenced and swayed by the incidence of the
outcome being considered in the research. Such overestimation tends to
become particularly pronounced and more evident when the outcome in
question is relatively common within the studied population. In this context,
it is underscored and highlighted that a lower cumulative incidence or
diminished prevalence of the outcome leads to a greater inflation of the odds
ratio, thereby making it a poor estimator of relative risk overall.

To address and mitigate these limitations, an effective alternative
modeling approach tailored specifically for estimating relative risks is highly
recommended. This alternative framework is primarily based on the robust
principles of Poisson regression. One of the standout advantages of employing
Poisson regression lies in its remarkable ability to deliver a smoothing effect
that is not typically found in the context of logistic regression approaches.
Moreover, this smoothing effect is especially critical and becomes vital in
scenarios where the robust method for estimating variance is not applied
successfully or adequately in the context of logistic regression results. The
favorable characteristics of Poisson regression over logistic regression
highlight several reasons why it might be the preferred choice in specific
analytical situations requiring accuracy and clarity.
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Additionally, practical and actionable guidelines are provided to ensure
that the findings and results derived from modeling studies are reported
accurately and interpreted correctly. These recommendations are extremely
beneficial as they help to circumvent the potential pitfalls and challenges that
can arise from the inappropriate use of logistic modeling practices that have
been previously acknowledged and documented in the literature. In light of
this important information, it is highly advisable for novice researchers
embarking on epidemiological or clinical investigations to seek valuable
counsel from seasoned epidemiologists or experienced statisticians, who can
offer critical insights and guidance throughout the research process. Similarly,
it is crucial for reviewers or referees evaluating such manuscripts to remain
cognizant of these common pitfalls and challenges in order to better assess the

quality, rigor, and integrity of the research presented in their evaluations [*8%
182, 183, 184, 185, 186, 187, 188, 189, 190, 191].

5.3 Survival analysis

The straightforward proportion of participants who were lost to follow-
up serves as one significant indicator of the data incompleteness found within
a dataset, highlighting the importance of evaluating data integrity. In the
detailed context of a dataset that is being analyzed using survival analysis,
various other indicators might come into play, including the crucial aspect of
whether or not the assumptions inherent to that specialized technique are
satisfactorily met and adhered to throughout the research process. Among the
two key assumptions one must strictly observe and adhere to, the first asserts
that all subjects involved are homogeneous concerning the event that is under
investigation, meaning that they share similar characteristics relevant to the
survival analysis. The second assumption emphasizes that there should be no
censoring of survival times throughout the analysis period; thus, every
subject's experience must be fully accounted for to ensure the validity of the
results. When designing a comprehensive study, one can actively create a
more favorable probability for achieving data completeness by implementing
robust methodologies and thorough planning. One effective way to
accomplish this is by paying close attention to sample size calculations, as this
careful strategic planning not only reduces the likelihood that a study will be
forced to close prematurely but also decreases the chances that the research
will need to enlist new staff or additional research centers after the initial
piloting phase has concluded. This aspect of research design is critically
important, particularly because the proportional hazards linked to the study
may be subject to variability and fluctuation over time; hence, they should be
handled with meticulous consideration and diligence to ensure the integrity of
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the analyzed data remains intact throughout the research lifecycle 192193194
195, 196]

Many common statistical tests that rely on means and variance are valid
only under the crucial condition that the data adhere to a normal distribution.
When the data for an interval or ratio variable do not follow a normal
distribution, it can lead to significant issues and complications, particularly in
terms of mistakenly rejecting the null hypothesis that is central to many
statistical analyses. This false rejection, often referred to as a Type | error, can
result in misleading conclusions and incorrect interpretations of the data that
researchers are analyzing. While some methods, such as crude binning, data
transformation, or even employing a non-parametric test, may be attempted to
resolve these serious issues, they may not be sufficient or effective in all cases.
If the sample size is large and robust enough, a more effective approach is to
group the data into quantiles by quintiles, allowing for analysis that treats the
data as if it were categorical in nature. This technique can help mitigate the
various risks associated with non-normality and enhance the overall reliability
of the statistical inferences drawn from the data, thus ensuring that conclusions
are more accurate and meaningful. In practice, being mindful of the

distribution of the data is essential for conducting valid statistical tests (197 1.
199, 17, 68]
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Chapter - 6

Sampling Techniques

One of the most significant and crucial steps one can take in life is successfully
navigating through various achievements and eventually being recognized by
others for those notable accomplishments. For an individual who is truly
excelling and shining in his or her educational and professional career path,
the key to reaching a level of success is nothing less than the invaluable
treasure of knowledge combined with a commitment to continuous learning.
Statistics play a vital role in all spheres of life, whether it be in the fields of
biological sciences, physical realities, social interactions, or even in the
meticulous evaluation of product quality. In fact, statistics-which thus partially
lies within the broader realm of mathematics itself-has been gaining much
more significance and popularity over the years than that of its humble origins.
It is for this very same reason that the notion of Statistics in Medicine is now
increasingly within your grasp, providing a vast world of knowledge meant to
enlighten the future of healthcare. Such advancements in the understanding of
statistical applications can lead to significantly improved healthcare outcomes
and a deeper understanding of complex medical phenomena, ultimately
benefiting society as a whole in more ways than ever imagined [200. 201, 202, 203]

To better gain extensive knowledge and significantly practice statistics in
the expansive and intricate sphere of medical sciences, one must become
thoroughly aware of the various sampling techniques that are available and the
numerous merits associated with those established methods. For a new
medical researcher entering the competitive field, gaining a solid and
comprehensive understanding of sampling is a vital pre-requisite that will lead
to much more effective data collection, efficient processing, and accurate
interpretation, all of which are crucial for establishing a prosperous and
successful future in this ever-evolving field. Therefore, it is both a profound
need and an absolute necessity for a committed medical student or a diligent
researcher to engage deeply and earnestly with these carefully structured
consecutive chapters that are intentionally designed to help them arrive at
fresh, accurate, and worthy results that can contribute significantly to their
work and groundbreaking findings. By embracing this knowledge and actively
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applying these concepts in real-world scenarios, they can enhance the quality
of their research outputs and ultimately improve the overall impact of their
contributions to the medical sciences 5 204 205, 161,

In the subsequent discussions surrounding the critical topic of sampling
and its various important types, the primary goal is to impart valuable
knowledge to the younger generation, as well as to researchers in the field,
regarding what sampling truly entails and why it is utilized across a broad
spectrum of fields. These fields include, but are by no means limited to,
scientific studies, market research, sociological inquiries, and making
informed predictions about any merchandise that appears in the ever-evolving
marketplace. Given the vast complexity and diversity of these topics, it is
nearly impossible to thoroughly investigate and enumerate every single
relevant aspect comprehensively. As a researcher who is actively engaged in
the domain of medical sciences, | have repeatedly encountered a myriad of
interconnected fields to explore, analyze, and interpret. Additionally,
significant attention must be dedicated to the critical concept of sampling
accuracy, which plays a pivotal role in ensuring the quality of research
outcomes. It is essential to assess what the consideration of variance entails,
as it directly influences the overall effectiveness of the sampling process we
choose to utilize. The precision of the sample should be remarkably high, for
any discrepancies can skew results and lead to incorrect conclusions.
Furthermore, other important merits that collectively contribute to forming a
good sample must also comprise a critical part of this manuscript. By
examining these foundational elements carefully and rigorously, we can
ensure a deeper understanding of sampling’s vital role and profound
significance across varied research domains [3% 206, 207, 208, 209],

6.1 Random sampling

There exist two concepts that, while they may sound similar, are actually
quite distinct and both referred to as ‘random sampling’. The most
straightforward and historically rooted interpretation clearly states that every
individual number has an equal likelihood of being selected. This foundational
type of random sampling is frequently applied in various scenarios, including
classroom lotteries where, in essence, each numbered desk in the room has
precisely the same probability of being chosen, without any bias or preference.
On the other hand, the more intricate notion of random sampling is typically
observed in the complex context of clinical trials. Here, a structured table is
meticulously constructed, and from this table, a subset of numbers is chosen
systematically, reflecting a more deliberate, carefully outlined, and specified
method. The fundamental idea of random sampling can be traced all the way
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back to ancient literary works and philosophical discussions. Therefore, one
might want to explore various instances of random sampling in the annals of
mathematics and statistics throughout history. For instance, why was the
concept of removal sampling brought into existence as a critical practice?
Additionally, one could ponder what adverse implications might arise from
making selections without replacing the chosen items, thereby altering the
pool from which future selections can be made. A noteworthy example is seen
in the schools of Nysa, which opted for a decidedly honest individual through
‘a method of lot drawing, ensuring that every man in the town possessed an
equal opportunity of being chosen for the significant role’. In a period slightly
later, during Athenian times, the established practice became to pair the two
presidents responsible for collecting tribute ‘by lot’. This was intended
strategically to ensure that each maintained vigilance over the other, making
it considerably more challenging to engage in fraudulent activities while
cooperating, rather than acting independently on their own accord. Moreover,
this equitable method guaranteed that each accused individual secured an
equal and fair hearing, given that the verdict on each case would rest with the
precise precinct where the assigned pair of presidents carried out their duties
and responsibilities. When it came to the removal of a tombstone, the protocol
mandated obtaining the city's approval ‘by casting lots for all aspects
regarding the work and the timeline set forth’. In Ancient Rome, the procedure
employed in criminal investigations relied on an intricate system of lot casting
designed to filter through numerous written queries thoroughly, ultimately
leading to the selection of only those questions to which the accused was
anticipated to reply with clarity and unequivocal precision. Early forms of
sampling concepts are also evident in the tradition of pole removal, which
illustrates the diverse applications of these methods. A rather straightforward
yet effective apparatus was even designed to select absentee grand jurors,
which involved the dropping of a total of fifteen spheres, each marked with
distinct numbers and inscribed with specific instructions, emerging from a

central opening of a continuously revolving disc for the sake of impartiality
and randomness [210, 211, 212, 213, 214, 22, 215, 216].

6.2 Stratified sampling

Sampling has dramatically evolved over time into a universally accepted
and extensively practiced methodology that is essential for effectively
gathering critical and vital information across a broad spectrum of study fields
and various industries. Given the remarkable and rapid expansion in big data
repositories, as well as the emergence of increasingly sophisticated data
mining techniques, researchers are fundamentally embarking on a multitude
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of investigations into a diverse array of new methodologies that concentrate
on sampling and estimation. This noticeable shift in focus underscores a
growing and pressing demand for innovative survey methodologies that can
effectively cater to a multitude of different applications within the modern,
data-driven landscape that characterizes our contemporary era. Among the
numerous strategies that are available, stratified sampling designs are
frequently employed in survey research to elevate the accuracy and overall
relevance of the findings that are generated.

In the classic literature encompassing the essential principles of stratified
sampling, the entirety of the population is carefully and thoughtfully
segmented into NM Chernoff optimal homogeneous strata, which are
specifically defined in relation to an auxiliary variable that serves as a crucial
reference point. The determination of sample sizes within each individual
stratum is executed in a meticulous and strategic manner by employing the
well-established Neyman allocation strategy. This widely regarded approach
is designed to ensure that the resulting stratified estimator remains reliable and
is fully capable of estimating the population parameter with the utmost
possible precision, thereby significantly increasing the overall quality of the
survey outcomes obtained.

However, a considerable challenge arises from the fact that it is often
impractical to design a stratified survey based on vast and complex big data
repositories that exhibit high levels of sparsity. Such sparsity complicates and
complicates the process of selecting appropriate stratum boundaries while also
making it difficult to identify effective stratification markers. To effectively
address this intricate and multifaceted issue, several notable advancements to
the classic literature have been proposed. These advancements enable the
stratification markers and boundaries to be data-driven and directly estimated
from modeling the distribution pertaining to the auxiliary variable that is being
utilized.

In this detailed and thorough text, the stratified survey methodology that
utilizes a Weibull-distributed auxiliary variable is proposed. This proposal
offers a refined and updated approach that aptly aligns with the numerous
necessities and complexities of contemporary data analysis. The utility and
practical effectiveness of the stratified survey design are notably exemplified
in the specific and targeted context of Weibull-distributed health-related big
data repositories. This demonstration serves to effectively highlight the
significant potential impact and various applications of this innovative
sampling method, thereby emphasizing its critical relevance in today’s
increasingly data—centric WOfld [217, 218, 219, 220, 221, 222, 223, 224, 225].
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In the majority of circumstances, in order to effectively facilitate the
diverse range of decision-makers involved, it is absolutely crucial that
confidence intervals and hypothesis testing inferences are properly integrated
and utilized. This comprehensive approach necessitates that the design-based
variance of the stratified estimator, which may potentially incorporate non-
trivial Neyman allocation ratios, must either be readily available or capable of
being consistently estimated through a variety of methods and techniques. The
advent of big data repositories, which are increasingly referred to as epochal
or foundation data, is proving to be more and more beneficial for the health
and medical research community as a whole, offering new avenues for
discovery and innovation. A common and significant area of research interest
involves the intricate analysis of epochal big data through comprehensive and
robust statistical analysis methodologies. Specifically, for chemical and
pharmaceutical research purposes, it is essential that from these epochal data
sources, appropriate and well-defined sampling protocols are established,
which in turn produce estimators that lead to meaningful, valid, and actionable
statistical inferences. However, health- or drug-related big data repositories
typically contain a vast number of variables, and the association of these
numerous variables to the response of interest is rarely understood or known
in detail, presenting significant challenges. As a result, it is often an impossible
task to design a stratified random sampling strategy that is predicated on any
auxiliary variables due to a persistent lack of clear associations and insights.
Consequently, there exists a pressing need to indicate and quantify a survey
variance at the same time as the sample is being meticulously designed to
ensure the accuracy, reliability, and overall integrity of the data collected,
thereby promoting more effective research outcomes and informed decision-
making processes [226, 227, 228, 229, 230].

6.3 Cluster sampling

Clusters serve as the foundational element in a diverse and extensive array
of survey and experimental study designs, playing a crucial role in
determining how data is collected, processed, and analyzed. In the context of
a survey, multi-stage cluster sampling emerges as a notably cost-effective
alternative to the traditional simple random sampling method, particularly
when confronted with a study population that is considerably large, spread
across vast distances, and geographically dispersed. In a typical two-stage
design setup, individual sampling units are often strategically grouped into
clusters based primarily on relevant geographic criteria. These designated
clusters are commonly referred to as primary sampling units (PSU) or
enumeration areas, emphasizing their critical importance in the overall
sampling process.
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However, while the potential advantages of clustering are significant and
well-documented, they can also be counterbalanced by various concerns
regarding reduced efficiency; consequently, larger sample sizes may be
necessary compared to similar studies that do not utilize a clustering approach.
This is essential in order to achieve the same desired level of statistical
precision, reliability, and power. In both survey-based and experimental
studies that involve geographical clusters, individuals from each of the
carefully defined clusters must be systematically enumerated and accounted
for to create an effective and robust sampling frame. This integral frame is
then skillfully utilized for selecting participants for inclusion in the study
itself.

In the fields of public health and epidemiological research, detailed
records from local colonies, parishes, or districts are often meticulously
leveraged to properly delineate the characteristics and attributes of these
clusters. Additionally, health and demographic surveillance systems (HDSS)
play a vital and indispensable role by providing a wealth of clustering
information that is essential for the effective application of public health
principles, the execution of demographic studies, and the exploration of
various facets of social research. By utilizing these sophisticated techniques,
researchers can ensure that their findings are both highly informative and
accurately representative, thereby significantly enhancing the overall quality
and impact of the research conducted in these critical fields. Such meticulous
attention to detail in sampling philosophy is vital for generating valid

inferences that are reflective of community health trends and social dynamics
[231, 232, 233, 234, 235, 236, 237, 238, 239, 240].

Cluster randomised trials (CRCT) represent a distinctive and effective
experimental study design methodology. In cRCTs, specific interventions are
implemented across entire groups, commonly referred to as clusters, instead
of targeting individual sampling units at a micro level. This approach is
particularly beneficial when evaluating processes that are enacted at a higher
hierarchy than merely the individual level. Such processes may encompass
naturally occurring phenomena, various environmental variables, significant
policy changes, or other interventions that are specifically aimed at larger
populations by the researchers conducting the study. In the framework of
cRCTs, every single individual within a particular cluster experiences a
uniform level of exposure to the intervention, which contributes to
establishing a more consistent and orderly environment for the research to be
conducted.

For making a just and accurate comparison between the different clusters
involved in the study, it becomes vital to apply appropriate adjustments to
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account for the observations related to clustering. This is frequently
accomplished through the utilization of a hierarchical model, which has been
thoughtfully designed to consider the nested nature of the data. The basic
formulation of a hierarchical model, which looks at data across only two
levels, presupposes that there is independence among clusters. This particular
model is fundamentally equivalent to standard fixed effect and random effect
models that are conventionally employed in statistical analyses. Nevertheless,
it is generally more advantageous and precise to operate under the assumption
that some level of correlation exists among sampling units at level 1, hence
introducing relevant cluster-level covariates at level 2 to appropriately account
for this correlation.

A considerable volume of incomplete data has been gathered,
representing a total of 15,657 children who reside within 19,251 distinct
clusters. This data is derived from an extensive database that functions as a
nationwide monitoring system aimed at tracking the weights and heights of
French schoolchildren through a systematic school-based cluster sampling
method. Moreover, a three-level model has been illustrated, which includes
children nested within schools, and those schools further nested within
municipalities. This model serves as a practical toolkit that is designed to
conduct the essential analysis needed for the effective evaluation of the
intervention.

This methodology notably underscores the significance and efficacy of
cRCTs within the domain of public health research. There remains an ongoing
necessity within this particular field to efficiently design survey or
experimental studies that encompass clusters defined by geographic
boundaries. While there are well-established and thoroughly documented
methodologies for designing such studies when the clusters correspond to
clearly defined geographic units, such as municipalities, counties, or districts,
it is essential to acknowledge the fact that specific data of this nature may not
always be readily accessible in a multitude of settings across the globe. Such
a limitation creates the need for innovative approaches to data collection as
well as analysis, enabling researchers to derive meaningful conclusions from
studies that are based on cluster designs. Through progressive methodologies
and thoughtful analysis, researchers can further enhance the utility of cRCTs

in contributing valuable insights to the realm of public health [24%. 242,243, 244, 245,
246, 247, 248, 249, 250, 251]
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Chapter - 7

Data Collection Methods

In a broader perspective, conducting research is a methodical and rigorous
process that evaluates a chosen research topic thoroughly by utilizing various
innovative statistical and experimental tools available to researchers in the
field. It is a systematic, ethical, and meticulously organized attempt to gather
all the necessary information effectively, which often involves having a
clearly defined search strategy as well as consuming adequate time and
resources to ensure comprehensive coverage of the subject matter. The
primary aim of research is to discover answers to complex and multifaceted
questions by applying well-established scientific methods of analysis that are
relevant to the specific area of inquiry. There are numerous statistical methods
and tests that are widely employed at various critical points in medical
research, which include, but are not limited to, biological research and other
related domains, extending to epidemiology and public health studies. A well-
managed and thoughtfully designed research endeavor is ultimately the result
of an orderly progression through defined and planned steps of the research
process, where each step builds logically and comprehensively on the one that
preceded it, contributing cohesively to the whole. By thoroughly declaring
each individual step either completed or adequately considered, it is possible
to form a robust and resilient structure to systematically guide the conduct of
the inquiry. Consulting this organized structure when dilemmas or
uncertainties arise throughout the research journey can be invaluable in
maintaining a logically sequenced and coherent research strategy, ensuring
that the research remains focused, relevant, and aligned with the original
objectives set forth at the beginning of the project [?6: 252 253, 254, 255]

The key steps of the research process employed in this study encompass
a series of crucial stages that must be addressed in a particular order, ensuring
the integrity and rigor of the research conducted. These steps include, in a
prescribed sequence: First, we define the research question clearly and
concisely, as this foundational step sets the tone for the entire study. Next, we
initiate the Reading and Discussion Stage, which is imperative to ensure that
the research question in question has not already been convincingly answered
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through prior studies or existing literature, thereby avoiding unnecessary
duplication of effort. Following that, we engage in a comprehensive
discussion regarding the Research Protocol to formulate a clear and concise
plan on how the research will be conducted, detailing each component needed
for successful implementation. Subsequently, we design the Research Study,
meticulously planning out each detail, including methodologies and strategies
for effective data collection. An essential aspect of this process involves
planning the Sample Size, which is a critical element that influences the
reliability and validity of the study findings, ensuring that our results can be
generalized to the broader population. We then develop the Methods of Data
Collection to ascertain precisely how we will gather the necessary
information, taking into account various techniques that would best suit the
nature of our research question. Prior to proceeding further, we conduct a Pilot
Study to test our methods and refine our approach, identifying any potential
issues that may arise during data collection. The next step involves obtaining
Ethical Approval to ensure that our research meets all ethical standards and
guidelines as mandated by relevant institutional review boards. We then move
on to Conduct the Study, implementing our planned methodologies with
utmost care and attention to detail, followed by the process of entering the
collected Data into the appropriate systems for thorough analysis. At this
stage, it is crucial to ensure Data Quality Assurance to maintain the integrity
and credibility of the information gathered. Following data entry, we engage
in Data Analysis to interpret the results correctly, employing statistical
methods or qualitative analyses as appropriate. Finally, we focus on
Reporting, Interpretation, and Utilization of our findings before reaching the
conclusion of the comprehensive research process and formally Ending the
study, which encapsulates all the knowledge gained. Consultation of the
structured steps outlined above guarantees that once we have decided that a
specific area is worthy of investigation, the immediate next action is to
articulate a research question that can be answered effectively within the
confines of the available resources and critical time frame. This research
question must be clearly defined, ensuring it does not succumb to vagueness,
and must be constructed in such a way that it is indeed possible to answer. It
needs to be measurable or assessable, which is often determined by the types
of data that are practical to obtain or collect within the context of the applicable
study. Ultimately, the research question will serve as a central issue pertaining
to the broader topic at hand, making it vital to give it thoughtful consideration,
thorough exploration, and diligent effort to confirm that it hasn't already been
answered convincingly in prior research endeavors [256. 257, 258, 259, 260, 215, 261],
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7.1 Surveys and questionnaires

We seek to understand the various actions people take when confronted
with health problems. Individuals can, of course, choose to do nothing in
response to their health concerns; this inaction itself constitutes a type of
action. However, setting that particular option aside, a wide array of potential
actions is available for individuals to consider. They might choose to consult
with a physician, an alternative health practitioner, a pharmacist, a paramedic,
a dentist, or a faculty nurse, among others. In pursuing these routes,
individuals can gain access to multiple professional sources of health-related
expertise that might beneficially inform their conditions. Additionally, lay
consultations could involve speaking with one’s spouse, parents, friends,
neighbors, or acquaintances, all of whom may have their insights and
suggestions to offer. In circumstances characterized by a lack of social
organization, a specific health problem could necessitate seeking the
assistance of officials or institutions that specialize in healthcare. A
particularly evident possibility involves approaching work-related health
issues with the factory nurse or foreman for support or guidance. Beyond these
consultations, individuals might also engage in various forms of exertion or
self-medication, which might generally be categorized under what Foucault
described as a “care for the self.” Furthermore, it is essential to acknowledge
that one could simply choose to ignore a health problem entirely or fail to
recognize that their current condition constitutes a legitimate health issue.
Given the broad spectrum of approaches available for the treatment of health
problems, it is evident that the exploration of lay referral networks represents
a rather intricate matter. It is certainly not immediately apparent that patients
in America rely on a single, bounded source for obtaining health care advice.
Indeed, the methods for modeling lay referrals empirically are as diverse as
the numerous social contexts in which such referrals might manifest.
Generally speaking, however, interviews seem to emerge as the primary
method of preference when examining health referral behavior. But what
stands as the most effective means of measuring lay referral behavior? Should
we prompt respondents to recall every suggestion that their friends provided
concerning a particular health issue? This approach could present a rather
stringent criterion for defining lay referral behavior, yet it is plausible that a
practical ethnographic method could leverage such rigorous standards to yield
meaningful insights. Alternatively, might the concept of lay referral be
expanded to incorporate all instances in which one is informed by another
source about a health resource? The answer to such an inquiry might hinge on
the specific empirical case in question. Nevertheless, it is beneficial to be
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acquainted with existing research that addresses the pursuit of contrary advice
in health decision-making [262, 263, 264, 265, 266, 267, 268, 269, 270, 271].

7.2 Clinical trials

Clinical trials represent a critical and vital type of investigation that is
absolutely essential in the expansive realm of medical research, playing a
pivotal and indispensable role in the development of innovative new
treatments and also in the thorough comparison of existing therapeutic options
available today. Given their immense ethical, scientific, and public health
significance, the conduct of these trials and the subsequent dissemination and
communication of their results impose a profound and heavy responsibility to
ensure that the information generated is methodically shared in an accurate
and responsible manner to support informed and educated decision-making
processes in healthcare. Conducting clinical trials can be incredibly costly,
often requiring extensive financial resources and substantial funding, and they
typically involve a multitude of complex bureaucratic steps that must be
carefully navigated in order to establish and run the studies efficiently and
effectively. These investigations are inherently long-term, and the outcomes
can often be uncertain and unpredictable, with many variables at play. Each
of these significant factors, whether considered individually or in conjunction
with one another, heightens the awareness among diligent researchers of the
considerable complexity and immense responsibility they undertake when
engaging in this critical and important work. In the specific context of a
clinical trial, researchers rigorously investigate the responses of a designated
group of subjects, specifically humans, to various treatments. This
experimental group is comprehensively compared to an experimental control
group, which is randomly assigned and meticulously organized based on
certain “baseline” characteristics and demographics that may influence the
treatment response outcomes. An “intervention” or “treatment” is
systematically administered over a predetermined time frame, after which the
response to the treatment is measured and analyzed statistically to accurately
interpret the results. Typically, the findings generated from these rigorous
trials are intended to inform populations at large rather than focusing solely
on individual cases, ensuring the results have broad applicability and
relevance. Effective planning, careful design, and strategic foresight are
instrumental in facilitating the successful development and execution of these
trials. To address any ethical concerns or questions that may arise during the
experimentation process, dedicated bioethics committees are established to
provide guidance, oversight, and support, ensuring that all aspects of the study
adhere to strict ethical standards and protocols [¢72 273, 274, 275, 276, 277, 278, 279, 280]
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It is thoughtfully contemplated that a well-structured randomized clinical
trial (RCT) should not be developed or conducted without the comprehensive
and appropriate media information, which must include its precise results,
particularly if such results were not duly and properly recorded in the
production stages of the study. This crucial documentation includes detailed
information such as the fixed conditions that were carefully established prior
to starting the experiments, and it is essential to explicitly specify the most
important quality control techniques that were effectively utilized throughout
the entire process. The health scientists who come forth to report the findings
of the RCT (which often include various statistical results and interpretations)
are not always the original authors of that analysis or the underlying research
itself. There exists an explicit and rigorously defined protocol of analysis that
must be strictly adhered to in order to maintain the integrity of the research.
Furthermore, an independent statistical committee or a highly skilled
professional biostatistician is typically engaged to closely examine and work
with the data, analyzing it thoroughly without any prior knowledge of the
researchers involved or any potential biases. This meticulous and detailed
analysis ultimately culminates in the careful summarization of the information
that is presented in a definitive and well-organized document. This critical
document is prepared by the biostatistician or a collaborative group of
statisticians, and it is commonly referred to as the analysis plan. This plan is
thoughtfully developed according to a draft that is provided by the referring
author of the RCT or another designated responsible person who ensures that
all necessary details are incorporated [281. 282, 283, 284, 285, 286, 287]

7.3 Observational studies

Observational studies have increasingly gained recognition for their vital
and essential role in the comprehensive investigation of the safety profile
associated with a wide range of medications. A significant number of such
observational studies have been conducted across the globe, taking advantage
of the extensive platform provided by large population databases. In general,
a considerable amount of endpoint events is essential for the rigorous safety
assessment of any continuous medication, facilitating the achievement of
precise and reliable results that researchers seek. Observational studies are
particularly skilled at providing the necessary sample size as well as the
extended duration of follow-up that is required to effectively detect relatively
infrequent and/or delayed clinical outcomes that may otherwise go unnoticed
or underreported.

While traditional cohort and case—control studies are firmly positioned as
well-accepted methodologies for conducting hypothesis testing within the
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expansive field of medical research, there is a noticeable evolution occurring
with within-individual study designs, which are becoming increasingly
prevalent and widely utilized. This innovative and new study design directly
addresses significant issues such as immortal time bias and time-varying
confounders, known to create challenges in within-individual comparisons.
Consequently, this can result in more accurate estimates and inferences
compared to those produced by conventional methodologies. Since the
introduction of the vital concept of ‘clean care is safer care,” health research
has dramatically shifted its focus toward gaining a better understanding of the
various risk and protective factors that contribute to hospital-acquired
infections.

There is an escalating interest in the effectiveness of infection control
processes, the development of advanced diagnostic methods, and the
exploration of potentially effective vaccines that could alleviate these pressing
issues. Central to much of this research is the critical need for high-quality
surveillance data, which is invaluable for effectively tracking and
comprehending the trends and dynamics associated with these infections.
Numerous reports and studies have been demonstrating that antibiotic
resistance has surfaced as an increasingly problematic issue on a global scale,
a concern that was first identified as early as the 1960s. In response to this
emerging challenge, significant efforts have been undertaken to control the
spread of resistant strains within healthcare settings. These concerted efforts
include educating healthcare workers regarding best practices, encouraging
adherence to stringent hygiene protocols, and advocating for the judicious use
of vaccines that could further aid in the prevention of infections.

It has been noted with great urgency that infections caused by antibiotic-
resistant pathogens are often associated with increased rates of mortality,
highlighting the pressing need for comprehensive action. Furthermore, the
administration of antibiotics can lead to gastrointestinal side effects, which
represent a substantial factor contributing to patients' non-compliance with
treatment regimens. In several specific countries, one of the leading causes of
hospital-acquired infections is pneumonia, which is predominantly attributed
to coagulase-negative staphylococci, elucidating the complex challenges that
healthcare professionals face in their efforts at infection control and
management. Addressing these issues remains critical for improving patient

outcomes and enhancing overall public health safety [288. 260,289, 290,291, 202,32, 293,
294, 295, 296]
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Chapter - 8

Statistical Software Tools

Several statistical software applications designed to function effectively with
a microcomputer are currently available to users. These specialized
microcomputer software programs are meticulously designed to cater to the
unique needs of individuals who are conducting various statistical analyses
with relatively small data sets, which are often common in many fields,
including academic research. They are notably user-friendly with respect to
tasks such as data entry and provide straightforward methods for generating
and obtaining comprehensive management reports that fulfill the requirements
of diverse users.

In these applications, tabulated, graphic, and other types of reports can
easily be generated through a menu-driven selection process of various
program functions, making it accessible even to those who may not have an
extensive background in statistics. The statistical methods available within
these applications are specifically limited to the more common types of data
analyses that are frequently encountered in health services research and related
fields. This includes capabilities for performing null hypothesis statistical
tests, generating distribution statistics, and executing simple regression
models, alongside some more complex multivariate models, such as the
multiple linear regression model.

Reports outlining the results generated by these applications are
customized and tailored for individuals who possess only an undergraduate
level understanding of statistics, ensuring clarity and ease of comprehension.
Furthermore, a systematic comparison of software output with results found
in established applied statistical methods texts is systematically used to
determine the essential functionality that underlies output reports.

To simulate real-world scenarios, data sets are purposefully generated
with known properties and then subjected to analysis as though they were real
data undergoing a statistical test or model. In support of this, a comprehensive
table is typically provided that meticulously indicates the methods utilized for
generating data sets, analyzing the data collected, and interpreting the
resulting statistical reports, allowing users to track their methodology
effectively.
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With specific regard to the formatting of data types, there exists
considerable variation among the various programs concerning input
requirements that can be easily tailored to suit the specific characteristics of a
given data set. Data can be entered in different ways, such as single
observations per row or utilizing a case-by-combination format. It is important
to note that the result of any analysis will critically depend on how the data is
formatted beforehand. In cases where multiple observations are entered per
case, the software will respond with an error message, and a similar error
message will be prompted if multiple cases are attempted with only one
observation.

Additionally, variables must be assigned to specific roles, such as
grouping variables, independent variables, or dependent variables, and are
expected to exhibit distinctive properties, which can be either categorical or
numerical in nature. It is essential to have everything coded in a numeric
format in order to facilitate proper analysis. The results generated are then
interpreted accordingly based on this coding. If a variable is designated as an
independent variable but is not explicitly specified as a category, the output
will automatically assume a numerical interpretation for that variable, which
is crucial for accurate statistical analysis. Specific methods for coding
observations, entering data accurately, and ensuring that the properties of the

data being processed are clearly outlined in the software guides [2%7 2% 299, 300,
301, 302, 303, 304].

8.1 R programming

R is a free and readily available programming language that is highly
effective for conducting a vast array of statistical analyses, particularly in the
specialized fields of healthcare and nursing research. Some of the prominent
features of R that were utilized in this comprehensive study encompass:

a) The remarkable ability to convert data seamlessly from an assortment
of other statistical programs into the R format through the application
of the versatile 'foreign' and 'Hmisc' packages,

b) The execution of descriptive statistics, measures of association,
various correlation analyses, graphical presentations, and crosstabs
using fundamental R commands that are essential to basic analysis,

c) The performance of confirmatory factor analysis (CFA) with the
assistance of the powerful and widely regarded Lavaan package,

d) Summarizing the results acquired from the detailed analyses, and

e) Interpreting and articulating the discussion of findings in a clear and
meaningful manner.
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R is widely regarded as an elegantly designed, sophisticated, and highly
extendable programming language that caters to a multitude of needs. The
advantages of utilizing R are numerous and significantly impactful. Its
graphical capabilities are markedly more advanced than those commonly
found in many commercial statistical packages, setting it apart from other
tools. In addition, R boasts an unmatched collection of resources that is
continuously enriched by its vast and active user community, which provides
extensive support and comprehensive documentation. R is a remarkably
robust program; the size and intricacies of the datasets it can handle are
virtually limited only by the capabilities of the user's own computer system.
One of R's key strengths lies in its transparency, making it considerably easier
for researchers to verify results and effectively communicate their findings
with other scientists, stakeholders, or interested parties. Notably, R is available
for free at the time of entry into the study, making it an incredibly accessible
option for researchers working with limited budgets. Furthermore, there exists
a plethora of free graphical interfaces available for R, which serve to enhance
its user-friendliness and overall learning curve. The user interface is
thoughtfully designed to maintain consistency across various functions, thus
facilitating a smooth transition between different kinds of analyses or
statistical methods. The innovative programming paradigms implemented in
R are becoming increasingly mainstream, with similar techniques now being
applied and embraced in other programming languages such as SAS. Instead
of needing to adjust to the restrictions of existing software, R empowers the
user by allowing them to perform precisely the operations they intended,
creating a more tailored and effective research environment that promotes
efficiency and accuracy in data analysis [305 306, 307, 308, 169, 309, 310, 311, 312]

8.2 SPSS

SPSS stands out as a remarkably straightforward yet deeply rich tool
designed specifically for health researchers. It encompasses an extensive
range of capabilities, spanning from basic and uncomplicated data entry tasks
to the meticulous analysis of intricate sets of meta-data. Within its versatile
toolkit, users can access essential functions that involve descriptive statistics,
including frequencies, crosstabs, and various descriptives, which are crucial
for summarizing and understanding datasets. Furthermore, SPSS offers
advanced features that enable the graphical presentation of results, including
different types of charts and plots, as well as sophisticated analyses such as
linear regression analysis and analysis of variance (ANOVA). These tools are
particularly beneficial for researchers seeking to draw meaningful insights
from their data. For even more complex modeling tasks, researchers can
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effectively utilize Generalized Linear Models (GLM), a framework that
includes various methods such as Poisson regression. This specific method is
invaluable when it comes to estimating the incidence of particular health
events or conditions. Thus, SPSS becomes an indispensable resource for
nuanced health research applications, providing researchers the means to
delve deeper into their data and extract significant conclusions for public
health initiatives and studies [313: 314 315,316, 317, 318, 319]

In many different situations and contexts, a specific group of researchers
or professionals becomes particularly interested and deeply engaged in
understanding and analyzing the effects of antibiotic treatment in comparison
to a placebo, which serves as a critical reference point in their regression
outcome analysis. Among a wide variety of other relevant covariates that
could influence the results, the level of physical activity stands out as one that
is crucially important to control carefully within this study. This level of
physical activity is categorized into several distinct and meaningful groups:
sedentary, moderate, intense, and competitive. It is also essential to observe
that while these categories possess a certain inherent order, physical activity
itself is technically treated as a nominal variable, which adds complexity to
the analysis. Unfortunately, when utilizing SPSS software for statistical
analysis, there arises a specific setup for the variables, which occurs
alphabetically in the sys-effects levels. This alphabetical arrangement means
that the sedentary category is inevitably chosen as the default comparison
group. As a result, in relation to the antibiotic treatment being studied, two
dummy variables are created and designated as ant 1 and ant_2 to aid in
effectively differentiating the effects of the treatments. In the descriptives sys-
effects phrase, it is necessary to outline and write in the specific order that
aligns with the desired output format, as follows: sed_mo should be placed
appropriately in the ses_side section, while int_co, int_ mo, and comp_mo
must be included in the pha_ant_1 and pha_ant_2 categories. This substitution
is not merely a preference but is essential to replace the original order of
sed_mo, int_co, int_mo, comp_mo, sed_co, and comp_co correctly. Such a
correction is imperative, as it equates the antibiotic treatment distinctly with
the various physical activity levels being examined and scrutinized in this

important study, ultimately aiming for the most accurate and reliable results
[320, 321, 322, 323]

Dealing with small sample studies and the file Malden.sav, the variable
innsbruck signifies the total number of goals scored by each team during every
match that was played in Innsbruck in the group stage of the prestigious 2008
European Football Championship (EC). The analysis of single-case studies is
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fundamentally limited to a visual inspection of individual performance data
within both sports and medical contexts, which can often lead to oversights
regarding underlying trends. To effectively aid the development of
performance in small sample studies, it makes practical sense to thoroughly
inspect the raw data before jumping to conclusions based on the overall picture
derived from specific statistical properties. While summary statistics and
aggregated data are indeed necessary elements in such a research context, the
visualization of raw data should be regarded as an essential component that
enhances the transparency of the experimental design as well as the
methodology being employed. Consequently, SPSS tables were meticulously
created that systematically provide means alongside standard deviations
presented in a simple yet highly effective cluster format. This structured
approach enables researchers to gain clearer insights into the data, facilitating
a more comprehensive understanding of patterns and trends that may exist
within the limited sample size, thereby improving the quality of interpretations
made from the results. In summary, the ability to effectively visualize and
interpret small sample studies is pivotal in both sports analytics and medical
research, helping practitioners derive meaningful insights from seemingly
sparse datasets [257, 324, 25, 325, 326, 327].

8.3 SAS

The statistical analysis of a series comprising multiple n-of-1 trials, in
which various treatments are randomized in cycles within individual subjects,
is thoroughly and meticulously described in the documentation. Furthermore,
the essential and necessary code, indispensable for effectively implementing
the discussed statistical methods, is also included for reference and easy
accessibility. The time series of the outcome variable is utilized in the
comprehensive and detailed analysis process. In the multiple illustrative
examples that are presented herein, an autoregressive model is employed
proficiently to appropriately model the correlation that exists between
consecutive observations within the trials. The statistical methods that are
demonstrated here operate under the important assumption that the outcome
variable is normally distributed, which serves as a critical prerequisite for
ensuring the accuracy and validity of the results obtained. In the specific
examples provided, the analysis is initially limited to a straightforward
comparison between two distinct treatments for enhanced clarity and ease of
understanding. However, it is worth noting that the robust code that has been
presented is designed to be versatile and flexible enough to analyze not just
two treatments but also allows for the exploration and comparison of more
than two treatments simultaneously. This inherent flexibility greatly enhances
the practical utility and applicability of the code in real-world applications,

Page | 46



making it an invaluable tool for researchers and practitioners alike 19157, 26.
328, 329, 330, 331].

Referring to the planned or potential health research, it is crucial to
carefully consider and explore the various methodologies that can
significantly enhance our comprehensive understanding of the subject matter.
One of the critical measures noted in scholarly discussions is that “statistical
analysis should be described” comprehensively and with precision for various
clinical studies to ensure that robust and reliable conclusions can be drawn
from the data. Specifically referring to n-of-1 trials, it appears there is
currently little detailed information readily available regarding the statistical
models and methods that are effectively utilized for conducting a series of n-
of-1 trials. The paper, therefore, aims to discuss in-depth the nuanced
statistical analysis pertaining to series of n-of-1 trials wherein the different
treatments are randomized in cycles within the same individuals, which
ultimately allows for a more personalized approach to treatment and
assessment over time. Furthermore, a specialized software package has been
meticulously developed for the implementation of statistical analysis,
providing researchers with an efficient and user-friendly tool for analyzing the
complex data collected from these trials. This innovative software additionally
includes a comprehensive examples platform to clearly illustrate how the
statistical analyses can be appropriately applied in real-life scenarios, thereby
facilitating the practical application of the theoretical concepts and methods
discussed throughout the paper. Overall, the emphasis on these methodologies

and tools is essential for improving the rigor and validity of future health
research initiatives [332, 333, 334, 261, 335, 336, 337, 338, 339].
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Chapter - 9

Interpreting Statistical Results

Evaluating the overall effectiveness and impact of a community program,
which is thoroughly investigated by assessing the preexisting gender
identification of the subjects involved, can be aptly achieved through the
application of discriminant analysis specifically designed for nominal
independent variables. This sophisticated method seeks to determine whether
significant differences indeed exist between boys and girls concerning how
exposure to specific instruments influences their attitudes towards various
aspects of their development. In the comprehensive analysis, logistic
regression for dichotomous variables was selected with careful consideration
when evaluating variables that displayed low ratios in relation to ear size; this
particular choice is especially relevant and notable because it has been
recognized that discriminant analysis can yield results that are remarkably
congruent with those produced by logistic regression methodologies.
Furthermore, it is critically essential to highlight that regression analysis
demonstrates a greater degree of efficiency and effectiveness compared to
traditional ANOVA techniques when estimating outcomes that pertain to
categorical treatments, as well as the intricate interactions within a 2x2
factorial design framework. The systematic implementation of R-squared
methodology is significant in this intricate context, as it effectively indicates
the percentage of change in the dependent variable Y that can be attributed to
the predictor variables included within the model. The value of R-squared
typically falls within a defined range between 0 and 1, providing essential
metrics. Should R-squared achieve a notable value of 1, it strongly indicates
that the independent variables are capable of fully accounting for variations in
the dependent variable, thereby ensuring a comprehensive and complete
description is available. Meanwhile, at the conclusion of the thorough
analysis, the p levels present offer critical insights into the statistical
significance of the results obtained throughout the investigation process. This
significance holds paramount importance as it represents the probability that
the coefficients correlating to the independent variables do not serve as
accurate and reliable estimates of the population characteristics. Hence, the
comprehensive and detailed analysis thus concentrated intensely on
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examining the interactions that exist between the specifically focused
treatment variables and the gender of the participants involved in the study. It
scrutinized how the effects of these focused treatment variables translate into
meaningful outcomes, while simultaneously investigating the pronounced
differences between girls and boys regarding the influence of the five targeted
treatments on their respective attitudes [89 340 341, 50, 342, 343, 344, 345, 346, 347]

Two out of the three criteria intended for the evaluation of p-values were
not successfully reached in this specific analysis. Notably, the p-values
associated with the variable that represents Teaching Music with Controlled
AR, as well as the interaction between Teaching Music with Controlled AR
and the variable of gender, have been found to be greater than 0.10. This
particular result indicates that there are no significant differences between
girls and boys in terms of how the perceived volume that is associated with
wearing SoundPlug affects their attitudes toward music and learning activities.
In essence, this suggests that the perceived volume related to the wearing of
SoundPlug does not significantly influence outcomes that pertain to attitudes.
However, it is essential to underscore that, in significant contrast to the
previously mentioned results, the analysis also revealed very small p-values
which allowed for an important conclusion to be drawn - that exposure to
certain musical instruments indeed has a significant impact on individuals’
attitudes toward communal relationships, especially when this is compared to
responses from the control group. Furthermore, a detailed follow-up
explanation about the statistical measures indicates that the very small p-
values observed in this specific analysis fall below all established criteria and
thresholds which are normally considered. This fact is noteworthy because, in
addition to this compelling finding, the highest variance inflation factor
observed during the analysis was a value of 2.123, which is a figure that is
favorable and suggests that multicollinearity does not pose a problem within
the dataset. This finding implies that the variables within the dataset can
reliably predict the outcomes of interest. Should there arise any needs for
further examination, additional data stemming from this thorough analysis
will be made readily accessible, providing more information and insights for
those who seek to delve deeper into the findings [348 349, 350, 351, 352, 353, 354, 355],

9.1 P-Values

“Many readers continue to experience significant problems in
understanding P-values, which consequently creates a great deal of confusion
in their interpretation. 'We can’t fully teach everyone the drudgery associated
with it,' complained a noted statistician during a conference back in late 2011.
This ongoing and pervasive conception fundamentally honed and shaped the
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idea of re-emphasizing the importance as well as the significance of P-values
in statistical analysis, especially due to their notable fall from grace amidst
various criticisms, mockery, and, ultimately, being forsaken by some in the
academic community altogether. In the year 2015, the journal took the
unconventional step of forbidding the use and reporting of P-values altogether,
which raised eyebrows and led to much debate. Instead, during the review
process, authors are now asked to include the effect size as the primary
indicator of the strength of evidence presented in their work. This shift has left
many researchers and statisticians grappling with the changes. Nonetheless,
similar to how many statisticians deify the art and science intricately
associated with P-values, these labored instructions about considering
alternative measures are provided and reiterated once more in this manuscript,
emphasizing a steadfast commitment to clarity and a deeper understanding in

the complex realm of statistical reporting, which is imperative for progress in
the field.” [356, 129, 357, 358].

A P-value is defined as the probability that the observed data, which we
have diligently gathered from an experiment or study, could have been
generated purely by random chance, provided that the null hypothesis indeed
holds true. Part of the difficulty in deriving meaningful insights from P-values
stems from our ongoing tendency to cling to oversimplified and dichotomous
decision-making processes, which are often misguided and guided by a
misleadingly simplistic threshold. This inclination can lead to significantly
misguided interpretations of the results, ultimately obscuring the true
implications of the findings. Once the raw data has been made accessible for
thorough review, there exist far more compelling, informative, and beneficial
ways to interpret statistical findings, such as examining the effect size and
confidence intervals, just to name two notable alternatives. These methods
provide a richer and deeper understanding of the data and its broader
implications in a more nuanced manner. Because the P-value is merely a single
statistic, it inherently does not allow for clear and unambiguous definitions.
This lack of specificity can consequently lead to varying interpretations and
potential confusion among researchers, practitioners, and stakeholders alike.
Therefore, it is crucial to adopt a far more nuanced approach when interpreting
results, in order to fully appreciate the complexities and subtleties of statistical
analysis that go beyond simple thresholds [128. 356, 359, 132, 360, 361, 362],

Navigating a sophisticated interpretation of P values is an undeniably far
more laborious, nuanced, and exacting process than merely determining effect
size or confidence intervals (Cls). While it may be convenient to simplify the
interpretation of a significant P value to the straightforward assertion that
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“there is an effect,” a coherent, comprehensive, and empirically defended
narrative is required to accurately describe the extensive range of cumulative
increments of evidence that are generated by an array of diverse studies
undertaken in the field. Such a detailed and comprehensive account is crucial
for a thorough understanding of the complexities that are involved in research
outcomes and their subsequent implications, as well as how they relate to
future inquiries and findings that arise within the ever-evolving broader
scientific community. A careful consideration of these various aspects is
necessary to appreciate fully the intricate, multifaceted, and often subtle nature
of scientific evidence, which demands an in-depth examination and thoughtful
interpretation to truly grasp the significance of the findings isolated from mere
statistical significance [363 364 365, 366, 367, 368, 369]

More on statistical computing
9.2 Effect sizes

Medical researchers frequently report the effects of various treatments or
describe intricate relationships between numerous variables and factors.
Treatment effects or associations among multiple variables can be precisely
quantified and appropriately interpreted using effect sizes to arrive at
meaningful conclusions. Effect sizes serve as unitless measures, giving
researchers and practitioners a clear understanding of the magnitude of an
effect, which in turn describes the strength of a relationship, the magnitude of
a treatment, or even the proportion of agreement between different types of
measurements and data points. In contrast, p-values and confidence intervals
are inherently effect size-dependent, meaning their interpretation and overall
value are intimately connected to the corresponding effect size that they
accompany or represent. Confidence intervals for an effect size play a crucial
role in assessing both the statistical and clinical significance of the observed
effect, thereby providing essential context for researchers and practitioners
alike. Understanding these effect sizes and their implications is paramount in
the expansive realm of medical research, as they guide informed decision-
making in treatment strategies and methodologies, ultimately impacting
patient outcomes and healthcare practices globally [74 370, 371, 372,373, 374, 375, 376]

Effect size indices are absolutely essential instruments in the
comprehensive design of any study and should always be reported
meticulously alongside the obtained p-value. This particular aspect of
reporting is especially crucial due to the predominant use of p-values to
formally test a null hypothesis, which posits that there is no significant effect
present in the population being studied. It is essential to recognize that a large
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sample size can often lead to the generation of small p-values, even in
scenarios where the null hypothesis is, in fact, true and valid. For these
compelling reasons, it is advisable to prioritize the careful, detailed, and
accurate reporting of facility-wide measures of effect, regardless of the sample
size that has been employed in the study. Moreover, it is notably important to
understand that the majority of commonly employed effect size indices are
unitless figures that convey the absolute difference measured in clear terms of
standard deviation units. This characteristic of being unitless makes them
unsuitable for application to all statistical models, as such indices cannot be
readily compared across different statistical frameworks or methodologies. As
a result, it becomes crucial to report effect size indices that are interpretable
and applicable across a broader array of outcomes, covariates, and contexts.
By ensuring that we report these indices with clarity, precision, and
thoroughness, we significantly enhance the clarity and utility of the findings.
This practice ultimately benefits the broader research community, ensuring
that reported effects can be comprehensively understood within the
appropriate context and thereby facilitate further investigation, meta-analyses,
and informed decision-making by practitioners who are actively working in
the field. In light of these considerations, proper attention should be given to
both the quantitative assessment and presentation of these effect sizes, so that
the significance and implications of the findings can be interpreted correctly
and effectively utilized in future studies. This emphasis on rigorous reporting
will promote an understanding that fosters collaboration and advancement in

research endeavors across various disciplines [377 356,128, 378,379, 380, 381, 382, 383, 384,
385]

Cl, or confidence interval, refers to the range of values that is likely to
contain the true but unknown population parameter with a specified degree of
confidence. In practical terms, this means that if we were to conduct numerous
studies and generate confidence intervals for each of them, we would expect
a certain percentage of those intervals to capture the actual population
parameter we are interested in estimating. When a p-value threshold of clinical
significance is set at the conventional level of 0.05, it can sometimes lead to
the unfortunate rejection of important and clinically relevant results at certain
intervals that fall just outside this predefined threshold. This particular
situation-where valuable insights might be missed-will continue to persist
unless the threshold is thoughtfully adjusted for each specific individual study
being conducted, taking into account the specific context and potential
implications of the findings. By adhering strictly to a p-value threshold of
0.05, it also implies that potentially irrelevant results may be accepted into
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consideration, simply because the sample size is large enough to support them
statistically, even if those results lack real-world significance and practical
relevance. Therefore, the primary goal of the current basic statistical tutorial
is to delve deeper into how a treatment effect or association can be properly
quantified using the effect size metric, which measures the size of an effect in
a standardized way to facilitate comparisons across studies. Furthermore, the
tutorial will explain in detail how a confidence interval can serve as a valuable
tool for evaluating both the statistical and clinical significance of the observed
effect reliably and effectively, providing researchers and practitioners with
more nuanced insights into their findings. By understanding these concepts,
professionals will be better equipped to make informed decisions based on

data analysis while also considering the broader implications of their results
in real—world contexts [386, 387, 257, 388, 389, 390, 391, 392, 393, 215]_
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Chapter - 10

Ethics in Health Research

The rapidly-growing and ever-expanding compilation of complex and variable
medical data has undeniably transformed into a vast and intricate “ocean” of
information that researchers must tirelessly wade through and explore. Health
research endeavors to systematically gather, analyze, and compile evidence-
based knowledge pertaining to the intricate workings and occasional
breakdowns of human life, its various components, and overall wellbeing in a
comprehensive manner. This pursuit is essential to ensuring, maintaining, and
ultimately extending a healthy, successful existence for individuals across
different demographics and circumstances. In order to navigate effectively
through this extensive ocean of information, a well-developed body of
knowledge, a diverse set of skills tailored to different challenges, and a
comprehensive array of cognitive and physical tools are critically required to
make sense of the data. Coupled with the ability to formulate proper questions,
demonstrate nuanced communication skills, and maintain sharp critical
thinking, statistical tools occupy a significant and indispensable role among
these various instruments essential for effective research. The employment of
various statistical methods empowers researchers to meticulously plan and
design their research endeavors, effectively sample the intended respondents,
and provide a structured analytical framework for the vast data that is
collected. Furthermore, there are numerous platforms and applications
designed specifically for the detailed analysis of different types of data, which
serve to enhance and streamline the research process. These advanced
methods ultimately aid in drawing valid, reliable conclusions and formulating
coherent research findings that can be utilized effectively. All these
components serve a common yet vital purpose — to yield compelling, robust
evidence that significantly contributes to improving the quality of processes
related to testing, diagnosing, curing, recovering, and caring for individuals
across all stages of their lives. Additionally, this increasingly valuable
evidence plays a crucial role in informing policy-making and practices,
promising to enhance the prosperous and valuable lives of the studied
individuals, as well as providing substantial benefits for the wider public at

large, fostering healthier communities and societies [3%4 395, 39, 397, 398, 399, 400, 401,
402, 403, 404]
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10.1 Informed consent

This project serves as an extensive and in-depth evaluation of whether
various forms of presenting informed consent information, such as written,
oral, or perhaps even a combination of both methods, generate any significant
or notable differences in the understanding as well as the recall of that
information among participants involved in the study. Specifically, within the
comprehensive framework of this project, we will meticulously evaluate how
effectively participants who are capable of following instructions comprehend
and retain the information derived from questions that are posed at the
conclusion of the presentation of this critical information. The assessments
regarding understanding and recall will be conducted through detailed oral
responses to open-ended questions that are analogous to those typically used
when obtaining informed consent from participants. Understanding is
appraised in two distinct and separate manners: firstly, by measuring
ACCURACY, which refers to the fraction of key pieces of information that
are accurately perceived and thoroughly understood. In addition, we will also
evaluate OVERALL comprehension, which encompasses the total number of
key pieces of information that are accurately understood and subsequently
remembered by participants after the presentation. Furthermore, any extra
information provided that does not directly relate to the key pieces of
information will also be assessed under the designated category labeled as
EXTRA. Importantly, the presentation of the written informed consent
information is carried out within a highly structured protocol that is consistent
with established procedures used for other rigorous and robust research
protocols. This ensures that we maintain a level of integrity and consistency
throughout the study. We kindly request that you arrive at least 15 minutes
prior to the scheduled time in order to ensure proper preparation for the
sessions. It is crucial to bring along your reading glasses and hearing aids,
since you will be required to read and hear the information again for clarity
and to confirm your understanding. During this time, we will go through the
informed consent documents to ensure that every participant has the necessary
tools to grasp the content being presented. Four specific questions will be
presented to you, each of which can be thoroughly answered using the
information contained within the informed consent form. It is essential to
delve deeply into these questions to foster an environment of clear
communication and understanding. Additionally, two more supplementary
questions will be asked in order to facilitate a comprehensive evaluation of
your understanding of the material. This thorough process is designed to
strengthen the foundation of your informed consent, promoting transparency
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and clarity. Please remember that the answers to all questions can consistently
be found in your informed consent form, and we encourage you to utilize that
document as a resource during this evaluation phase. Your engagement in this
process plays an invaluable role in the rigorous nature of our research, and we
appreciate your active participation [405, 406, 407, 408, 409, 410, 411, 412, 413, 414].

10.2 Confidentiality

Confidentiality of subject identity is of utmost importance in all research
endeavors, particularly in studies that focus on health services and related
fields. This emphasis on confidentiality stems from the fact that the data
collected typically originate from records that are treated with the highest level
of confidentiality. For instance, when conducting a dietary recall, it becomes
absolutely essential to acquire accurate and in-depth knowledge concerning
what an individual has consumed over a specific period of time. This type of
detailed information cannot simply be inferred from superficial observations,
such as noting what an individual purchases at the grocery store or what they
discard in their trash can, as these actions do not provide a comprehensive or
reliable picture of an individual's true dietary habits and patterns.
Consequently, to effectively gather this kind of sensitive and personal
information, it is necessary to directly engage with the individual through
questioning or, in some cases, consult someone else who may possess a better
understanding of their eating habits and lifestyle choices. Furthermore, it is
crucial to emphasize that any specific details related to an individual's dietary
habits, as well as the fact that a recall interview was conducted regarding that
particular individual, must be treated with the utmost discretion and should
not generally be disclosed to the public or shared without proper authorization.
The legal framework surrounding the sharing of such sensitive information
has been closely regulated in the United States since the year 1978; without
obtaining clear prior consent from the individual who is the subject of the
record, it is considered illegal and unethical to furnish or disclose such
sensitive data. This comprehensive approach to maintaining confidentiality
ensures that individuals' privacy is safeguarded while allowing researchers to

gather the data needed for meaningful analysis and insights in the field of
health SerViCGS [415, 416, 417, 418, 419, 420, 421, 422]_

There exists a particularly important and additional aspect concerning the
necessity of maintaining strict confidentiality in the domain of health services
research, which might not be as thoroughly understood or widely
acknowledged in other sectors. However, this necessity holds acute
significance particularly within the intricate world of healthcare. Individual
subject records detailing illness, treatment, and personal health information
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are nearly always kept in a private and secure fashion, typically managed by
a diverse array of healthcare providers in the field. These providers tend to
operate as competitors within a marketplace that is exceptionally sensitive to
the nuances of patient data protection, and they generally possess a keen
awareness of the sensitivities that surround such sensitive data. When
researchers receive firm and compelling assurances that patient identities will
absolutely not be disclosed, it is viewed as a critical indicator that any research
utilizing this sensitive data will be executed with the highest degree of
responsibility and utmost care. It is broadly acknowledged by professionals in
this field that pledges of confidentiality can indeed pose significant risks, and
any failures or oversights in upholding these commitments can result in severe
and far-reaching ramifications for all the parties involved, including
participants, researchers, and institutions alike. The area of healthcare research
is frequently considered a gray zone under the law, and these legal frameworks
can vary tremendously from one locality to another, across different regions
and jurisdictions. Nevertheless, it is commonly accepted within the field that
identifying an individual through released data is illegal. Therefore, an
extensive amount of effort and substantial resources must be devoted to the
vital and critical task of ensuring strict confidentiality. Moreover, these
commitments often come about without a fully comprehensive and thorough
understanding of the potentially dire and severe overall consequences that
might arise if such records were to be compromised or if these confidentiality
measures were to be breached, even though the underlying intentions driving

these commitments are consistently sincere and well-meaning [423 424 425, 426,
427, 428, 429, 430]_
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Chapter - 11

Common Statistical Pitfalls

The 11 most common statistical pitfalls frequently encountered by orthopedic
researchers are described in comprehensive and extensive detail to enhance
understanding and knowledge. Many of these pitfalls are so dangerously
misleading and detrimental that a number of well-respected and established
orthodox medical journals have made the difficult and necessary decision to
not publish any paper that employs such faulty methodologies and flawed
statistical approaches. In addition to these significant statistical errors, 14
different forms of ethical misconduct related to statistical work and research
practices are narrated with clear, illustrative, and instructive examples for
better comprehension and awareness. Common sense combined with a strong
scientific temper are regarded as the two essential eyes that provide clarity and
insight to the scientific vision, which allows researchers to view their work
and the implications of their findings more critically and objectively. Research
methodology functions as the necessary spectacles through which this vision
is enhanced, improved, and thoroughly refined. An insightful overview of the
various ways in which methodology can be misused and misapplied may have
significant and practical utility for researchers in this important field of study
and inquiry. It is crucial to recognize, acknowledge, and proactively address
these pressing issues to ensure the integrity and validity of scientific research,
which is fundamental for advancing knowledge and practice in orthopedics

and beyond, paving the way for future advancements and improvements in the
medical field [431, 432, 433, 434, 435, 436, 437, 438, 439]_

When the study design includes more than two distinct groups, there is a
clear and noteworthy tendency for the incidence of Type | error-where a true
null hypothesis is incorrectly rejected-to significantly increase. This
phenomenon becomes particularly pronounced when each distinct group is
compared with every possible other group on an individual basis, resulting in
a substantial escalation in the chances of mistakenly rejecting the null
hypothesis. Such arise in erroneous conclusions can have serious implications
for the integrity of scientific research. To effectively manage, mitigate, and
control this pressing issue, various statistical procedures are widely employed,
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including Tukey’s HSD (Honestly Significant Difference) and Dunnett’s test,
both of which are staple tools within the realm of scientific inquiry. These
methods are designed to maintain the credibility and validity of the research
results while simultaneously reducing the inherent risk associated with Type |
errors. Despite their utility, the practice of aggregating the results from
multiple individual comparisons and striving to establish a unified or
overarching multivariate conclusion is regarded as a concerning practice that
is typically condemned by statisticians and researchers alike. A multivariate
conclusion, in this context, pertains to the process of arriving at an overall
conclusion based on several distinct outcome measurements. When these
various outcomes are aggregated, there is a significant risk of distorting the
true statistical significance of the findings. This practice may lead to similar
levels of increase in the Type I error as seen in previously discussed scenarios.
In cases where individual comparisons are carried out by utilizing the lowest
observed P value at a predetermined significance level of 5%, the cumulative
Type | error across all comparisons can ultimately balloon to an unacceptably
high level, thereby misrepresenting the true findings of the study and
potentially resulting in misguided interpretations that can have far-reaching
consequences in the scientific community [440. 441, 442, 443, 444, 445, 446, 447]

Any association or correlation in health is an exceedingly intricate matter,
often arising from a multitude of intervening factors that can dynamically
influence the relationship between various variables. As a result, it is generally
quite rare to encounter a straightforward cause-effect type of relationship
unless it has been established through a meticulously designed and
comprehensive study that effectively eliminates the likelihood of any
significant role of confounding factors that might distort or skew the results.
Intuitively, a novice or beginner in the field of biostatistics might hastily
assume that if there exists a decisive and clear cause-effect relationship
between an exposure denoted as Y and an outcome labeled Z, then there
should manifest a clearly noticeable and discernible difference in the value of
Z for each distinct and separate stratum of Y. In other words, Z should
typically act as a confounder of Y, adding further layers of complexity and
nuance to the analysis. This conceptual challenge is significantly magnified as
it is most logically and commonly employed to derive an adjusted estimate of
the probable association between the exposure and the outcome in question.
Taking an illustrative and pertinent example, a robust and consistent
correlation indeed exists between the heights of siblings within the same
family unit, not because one sibling's height is the direct and sole cause of
another sibling's height, but rather because both heights are profoundly
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influenced by the various genetic and environmental factors that are inherently
associated with parental height. This multifaceted interplay underscores the
complexity of health associations, necessitating a careful and critical

examination of the underlying factors and relationships at play [448 449. 450, 451,
452, 453, 454, 455]

11.1 Misinterpretation of data

Inconstant data or a difficult phase of the moon: the misinterpretation of
data is an ever-present challenge that can lead to dire and unintended
consequences. Statistics offers a rigorous and structured framework that
facilitates the articulation of principled, clear, and precise statements, which
ensures that the information conveyed is not only accurate but also easily
comprehensible. Yet, many doctors and various professionals engaged in the
intricate field of health care often find themselves grappling with a pervasive
sense of uncertainty or feeling deeply troubled by the complexities of
statistics. They regularly harbor fears regarding the potential for
misinterpretation of the data they manage day in and day out, which can have
significant and adverse implications for their essential decision-making
processes. This ongoing unease can lead to substantial confusion and
emotional distress among patients who rely on these dedicated professionals
for credible guidance regarding their health situations. For instance, far too
many patients have been abruptly informed that "the test results are
statistically insignificant,” a statement that can leave them feeling anxious,
alarmed, and thoroughly confused about the true state of their health.
Compounding this sense of confusion, these same patients may later hear from
another healthcare provider that "it is a significant test, but there is the issue
concerning the Bonferroni correction,” which ultimately leads to further
uncertainty in their understanding. Such terminology can be overwhelmingly
daunting and intimidating for individuals lacking a solid foundation in
statistics. To further complicate matters, another physician might cryptically
remark, "Bonferroni is dead," contributing to the swirling fog of uncertainty
and misunderstanding that pervades the interpretation of their health data.
Each seemingly innocuous statement can lead to a growing sense of
helplessness and emotional distress, as patients grapple to comprehend the far-
reaching implications of these key phrases related to their health, which
ultimately affects their overall well-being and peace of mind. These
communication barriers serve to highlight the urgent necessity for clearer
statistical education and more effective communication strategies within
healthcare settings, where clarity and understanding are vital for informed
decision-making and patient empowerment. It is essential for healthcare
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professionals to not only possess a strong grasp on statistics but also to convey
that knowledge in a manner that is accessible and reassuring for their patients.
Enhancing education in statistical communication will play a crucial role in
bridging the gap between healthcare providers and patients, ensuring that each

individual feels informed and secure in their health journey [456: 457, 458, 459, 460,
461, 462, 463, 464, 465]

There has been ongoing misuse and abuse of these highly valuable
statistical tools within the research community, and this issue will likely
continue into the foreseeable future. The sample size increases significantly
towards the right with a considerable level of caution. This increase is often
misleadingly interpreted to imply that no meaningful decision should ever be
taken until a study with a power of 1 - =95 has been meticulously conducted
and finalized to perfection. More detections of this subtle and complex issue
could have potentially been made; however, due to this small difference that
is commonly referred to as the “barely significant” difference, it was deemed
far better to adopt a more thorough Bayesian approach and ultimately dismiss
the entire study entirely. As a general guide, this Bayesian approach is seldom
evaluated in the light of the more relevant, crucial measures of sensitivity and
specificity, both of which play a significant role in enabling accurate and
reliable statistical analysis. Normally, hypoglycemia is defined clearly as
blood glucose levels that fall below 50 mg/dl; within this particular sample of
19 subjects even, the lowest three levels recorded during the study were
notably 60, 52, and 51 mg/dl respectively. Finally, it should be noted that not
only do the statistics tend to split and complicate the expected frequencies that
are less than or equal to 5, but also Poisson regression modeling faces its own
frustrating limitation of being unable to calculate odds ratios when the
expected counts fall to 1 or lower. This obnoxiously occurs even when the
sample size is quite extensive and seemingly substantial. In short, it was
strongly felt that the p-value cut-off alone could not adequately do justice to a
subject that is so rich in potentially misleading approaches and interpretations,

which ultimately leads to a plethora of confusion that complicates the research
process unnecessari |y [466, 467, 468, 469, 470, 471, 472, 380, 473, 474, 475]_

11.2 Overfitting models

Epidemiology has utilized a remarkably diverse range of statistical
models for inference purposes ever since its inception as a prominent health
research discipline, which has laid a solid groundwork for comprehensively
understanding the complexities of health-related data. Moreover, advanced
and increasingly sophisticated statistical models are now being employed
across a multitude of scientific domains that extend well beyond the confines
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of health, thus illustrating the universal and wide-reaching application of these
innovative methodologies. These progressive developments are not only
noteworthy but are also thoroughly integrated into extensive applications that
pertain to key aspects of health, disease prevention, public health policy, and
various related topics that directly address critical health concerns faced by
individuals and populations alike. With the rapid advancement of machine
learning technologies alongside the rise of algorithmic statistics, there is an
ever-growing array of statistical models that feature increasing degrees of
freedom and flexibility. In this context, these additional variables that enhance
the models are subsequently referred to as covariates throughout the entirety
of this particular work. As time progresses, these innovative and forward-
thinking models are methodically applied to a wide array of health research
endeavors, reflecting the continuously evolving nature of this crucial field and
highlighting the importance of adapting methodologies in response to the
latest scientific discoveries and pressing health challenges that arise in
societies Worldwide [170, 476, 477, 177, 478, 479, 480].

The ability to systematically compare and juxtapose a substantial quantity
of covariates across a limited set of samples within various research contexts
carries considerable implications for both the predictive power and the
forensic insights that are inherently embedded within regression analysis
methodologies. It is quite surprising yet intriguing that multivariate odds-
ratios can indeed surpass unity, even in scenarios where the covariates that
were pivotal in generating the data are found to be statistically independent
from each other. This situation is not simply an anomaly but can be effectively
illustrated and demonstrated through the application of meticulously designed
experimental simulations. These simulations reveal that this apparent paradox
is broadly generalizable across a wide expanse of experimental factors,
providing valuable insights that can be thoroughly elucidated through a well-
developed mathematical theory focused on overfitting, specifically crafted for
row-normalized datasets. With the recognition and deep understanding of this
critical issue surrounding overfitting, we gain the capability to systematically
factor it out from regression inferential processes, which leads to outcomes
that are significantly more reliable and trustworthy. This pivotal advancement
within the field has catalyzed the innovative development of an entirely new
methodology aimed at assessing associations and generating quantitative
predictions concerning clinical outcomes that are derived from diverse
medical datasets. In an ideal research scenario, it is highly preferable that
statistical inference models be developed in a collaborative manner, or at the
very least, possess the inherent capability to be transferable to computer
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algorithms that are suitable for point-and-click implementation. These
implementations can take the form of open-source solutions or any variety of
compatible software alternatives. The work presented here serves as an
essential bridge in that direction; it initiates this entire process through the
inclusion of a comprehensive tutorial appendix. This appendix is meticulously
designed to effectively and efficiently guide users step-by-step through the
intricacies and complexities involved in this nuanced area of study, ensuring
that they are well-equipped to navigate and apply these advanced concepts in
practical situations [481. 482 483, 484, 485, 486],
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Chapter - 12

Case Studies in Medical Statistics

Since the publication has been put forward as a series of tools for health
research workers, it has been found that it was not possible to continue the
work on this as planned. However, the work was put forward as a series of
four booklets rather than a single work. So with a little reshuffling, it is hoped
that it be coherent and complete, and continue the series where it left off (4671,

12.1 Epidemiological studies

The Epidemiology of Blindness and Vision Impairment. Causes,
Prevention and Health Systems is the first, combined unit of the textbook, one
of sixteen units which together cover learning objectives in the module
Epidemiology of Blindness and Vision Impairment. Some probable causes for
the past increase of blindness on a global scale are also described. The second
unit provides an overview of the subject matter, goals and methods of
epidemiology in general. Unit two, The basics of epidemiology. An overview,
is followed by short text provided within framework of academic education at
the Institute of Public Health at the Jagiellonian University Medical College
in Krakow, Poland %1, The same research methods are designed to discuss
the selected theory and methodology issues which underlie and support the
most credible contributions of epidemiological literature and practice (8],

The process of the rise and decline of diseases in Europe began in the
mid-nineteenth century. It is thus in the historical setting of the western world
that we find the answer to what is today a most urgent practical question
concerning the developing countries. The rise and decline of diseases is linked
to the triad of industrialization, urbanization and modernization. A careful
historical reading will provide the general laws such that it is possible to
predict the direction in which blindness will evolve and to intervene
effectively to cease the process. What turned out to be true for tuberculosis,
small-pox, leprosy and plague also appears to be the case for blindness. Both
its onset and epidemic spread follow a well defined course which can be
expected, or in some cases effectively controlled %],
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12.2 Clinical trials analysis

A clinical trial is a planned experiment designed to assess the efficacy of
a treatment in man by comparing the outcomes in a group of patients treated
with the test with those observed in a comparable group of patients receiving
a control treatment. In a standard randomized clinical trial, participants are
randomly assigned to a treatment or control group according to a
randomization plan and the covariate values of the subjects are balanced
between the different treatment groups. The objective is to assess whether
there is a significant difference between the groups with respect to the
outcome. In practice, clinical trials are used to test new treatments, pre-
surgical practices, new surgical techniques, radiotherapy, etc. (4%,

In many cases, after the experiment has been conducted the measurements
are made and many issues arise with respect to how to analyze the clinical
trial. There should be a pre-specified plan that describes how the data will be
collected and analyzed. This protocol ought to be followed without any
alterations. One of the aims of the present paper is to illustrate some of the
issues that arise in the analysis of clinical trials and discuss the consequences
of these changes %4, The data generated by clinical trials are not trivial and,
for their analysis, there is a need for statistical methods that are suitable to deal
with all the specifics of this type of study. For instance, special attention
should be given to the fact that several subjects drop out of the experiment
during its course. Similarly, one should approve a statistical analysis that takes
into account these subjects or makes its results valid [,

We are interested in the analysis of multiple outcomes in the context of
longitudinal data analysis. The data were generated from a 3 x 4 factorial
arrangement with three different factors each one with four levels. One of the
responses considers the number of nodal roots that penetrated an asphaltic
blanket; the other was the root volume. Both measurements likely increase the
failure condition of the blanket. The presence of water on the soil below the
blanket was associated with higher responses in the main connection and the
interaction between the two main factors. Twelve conditions originated from
these three factors. The levels of the last factor are taken as control conditions
and the others as treatments. Only results about the degree of interest were
reported %31,
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Chapter - 13

Future Directions in Medical Statistics

Medical statistics has been used as a tool in health research for many decades.
It has a vital role in the progression of epidemiology and evidence based
medicine. It found its demand with the molecules where medicine interact.
Bottom-up method is to apply existing data, from observational studies or
sources of medical records, to answer a query in a natural way. The natural
way is to model the data generating process, considering known sources of
variation as either effects. An adequately fitted model can be applied to make
predictions about similar problems, possibly allowing new insights into the
studied system. This can pick up on rare events, or quantify the risk of their
occurrence. Advanced statistical techniques that could be applied to existing
data sources to infer something new. Collaboration with a statistician could
allow medical researchers to harness the potential of existing data in order to
answer a broader range of questions and to take a more rigorous approach. At
the same time, the upsurge in the field of medical research is likewise
propelling development of new statistical techniques. Given the closer rapport
between statisticians and medical researchers many of these newly developed
techniques could directly benefit the health sciences. The field of medical
statistics is vast and this paper touches only on high-level statistical modeling.
There is exciting and novel work being done in other areas of statistics, for
example in the analysis of high throughput DNA array data, which could
similarly have a large impact [494 491,

13.1 Big data in health research

Big data is a term that was introduced in the 1990s to include data sets too
large or too complex to be used with commonly available desktop software.
Big data is promising in health and represents patterns in health. Big data
agendas have been launched in many major countries such as the U.S.A., U.K,,
China, Japan, and Korea. However, there are some challenging issues with
adopting big data in health research, such as privacy and security concerns,
donor consent and empowerment, and the question of how effective and
efficient big data research will become. As a concern of these challenges, the
significant progress in the application of big data in health research is still
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pending. A definition of big data was presented at a U.N., including big data
characteristics such as generation, collection, storage, analysis, visualization,
and interaction %I, Social media such as Facebook, Twitter, blogs, and
webpages provide multiple forms of communication by exchanging user-
generated information through text, voice, audio, video, files, and pictures. It
has become an essential tool for the promotion, education, and sharing of
health information. In recent years, the loosening-up or convergence of
consumer electronics devices and modern broadband networks have expanded
social media. It has also made the smartphone the means to install many health
applications. Many studies have made use of social media platforms to analyze
healthcare problems 71 There are many potential technologies and
methodologies available, such as cloud computing, artificial intelligence
robots, Internet of Things (loT), and the e-patient concept along with
connected, mobile, and social media. Today, health data on an individual
patient is expected to reach an equivalent of as much data as 300 million
books. Health research studies are expected to reach an equivalent amount in
the vicinity of 10 million books. Medicine is a field that predicts big data will
be the most commonly used in 2025. Also, big data in medicine is expected to
be reported as commercial (25.9%), academic (23.5%), government (19.3%),
and public sectors (2.6%). Big data in health refers to the use and analysis of
extremely large, digitally formatted data concerning biology, behavior, and
the health of individuals and populations in commercial settings. Data types
in health include biologic (e.g. gene sequencing), biometric (e.g. imaging),
and electronic health data (e.g. electronic health records) [227- 4%,

13.2 Machine learning applications

The present age is characterized by healthcare becoming an increasingly
inexhaustible information source. This data is constantly collected and stored,
providing a diversity of opportunities for its subsequent exploitation.
Healthcare research enters a new era, benefiting from using novel methods in
analyzing data. Resulting from that, there is always a pursuit of familiarity
with the newest achievements in data analysis in the area of statistical methods
in medicine 2271,

Machine Learning Applications arisen in that area are an effect of this
scientific search for innovative solutions to current issues in the domain of Big
Data analysis in healthcare. Applications presented are concerned with
readmitting diabetic patients, classification of quasi-identifiers described in a
medical document file, prediction of pharmacotherapy for patients that could
be additionally prescribed amoxiclav, risk assessment for chronic obstructive
pulmonary disease inpatients, and detection of diabetes mellitus relapses. For
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all the domains given, there is a need to develop and implement machine
learning models that will allow making proper analyses, predictions, and
interpretations. All the above-mentioned Machine Learning Applications are
carried out using Python language and scikit-learn libraries, are also conveyed
corresponding canonic research plans for the similar medical problems could
be further analyzed [499 5001,
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Chapter - 14

Conclusion

The aim of this study is to determine the frequency of the causes of Sacroiliitis
among the patients attending Shahid Sadoughi infectious disease and
rheumatology clinics. In this cross-sectional study, we evaluated patients
attending Shahid Sadoughi rheumatology and infectious diseases clinic.
Patients with positive findings in favor of sacroiliitis were evaluated by
history, physical examination, laboratory tests, and imaging. Patients were
divided into three causes of sacroiliitis; infectious, non-infectious
inflammatory, and degenerative. Ultimately, 136 patients were studied.

The p-value is a statistical triumvirate able to summarize a large amount
of information about an experiment. True or spurious results are more
effectively judged when the p-value matrix is accompanied by confidence
intervals and a measure of effect size. Clinical relevance and statistical
significance are frequently depicted with the effect-size estimate along with
its 95% confidence intervals (Cls) which are frequently under-reported. A
wide confidence interval (Cl) means that the sample size was too small,
whereas a narrow interval is indicative of high precision. A continuous
variable is traditionally described by a measure of central tendency and a
measure of dispersion, such as mean + standard deviation. For the sake of
brevity, the provided numbers in the spurious results are embedded in their
notations without stating what they stand for.

Tables and figures are valuable tools in storing, analyzing, and
interpreting data. An efficient graphical display of many numbers says more
than the numbers themselves. Conversely, a figure that remains unalterable
irrespective of alterations in the given numbers conveys no information.
Changing the appearance of an illustrative representation does not translate to
fabricating results: it translates to conveying a different message.

Page | 69



References

1. P. Tsiamalou and A. Brotis, "Biostatistics as a Tool for Medical Research:
What are we Doing Wrong?," 2019. ncbi.nlm.nih.gov

2. M. Ho, M. van der Laan, H. Lee, J. Chen, "The current landscape in
biostatistics of real-world data and evidence: causal inference frameworks
for study design and analysis," *Research*, vol. 2023, Taylor & Francis.
[HTML]

3. K. L. Pickett, K. Suresh, K. R. Campbell, S. Davis, et al., "Random
survival forests for dynamic predictions of a time-to-event outcome using
a longitudinal biomarker," BMC Medical Research, vol. 21, no. 1, 2021.
springer.com

4. S. Barootchi, L. Tavelli, R. Di Gianfilippo, et al., "Soft tissue phenotype
modification predicts gingival margin long-term (10-year) stability:
longitudinal analysis of six randomized clinical trials,” *Journal of
Clinical*, vol. 2022, Wiley Online Library. wiley.com

5. L. von Klipstein, D. Borshoom, and A. Arntz, "The exploratory value of
cross-sectional partial correlation networks: Predicting relationships
between change trajectories in borderline personality disorder,” PloS one,
2021. plos.org

6. V. Ricotti, B. Kadirvelu, V. Selby, R. Festenstein, et al., "Wearable full-
body motion tracking of activities of daily living predicts disease
trajectory in Duchenne muscular dystrophy,” *Nature Medicine*, 2023.
nature.com

7. Y. Gao, R. Li, E. Croxford, J. Caskey, and B. W. Patterson, "Leveraging
Medical Knowledge Graphs Into Large Language Models for Diagnosis
Prediction: Design and Application Study," JMIR Al, 2025. jmir.org

8. A. Cascarano and J. Mur-Petit, "Machine and deep learning for
longitudinal biomedical data: a review of methods and applications,"
*Artificial Intelligence*, vol. 2023, Springer. springer.com

9. J.L.Marott, T. S. Ingebrigtsen, Y. Colak, et al., "Trajectory of preserved
ratio impaired spirometry: natural history and long-term prognosis,"
* American Journal of ...*, 2021. atsjournals.org

10. M. Su, T. Pan, Q. Z. Chen, W. W. Zhou, Y. Gong, G. Xu, "Data analysis

Page | 70


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241663/
https://www.tandfonline.com/doi/abs/10.1080/19466315.2021.1883475
https://link.springer.com/content/pdf/10.1186/s12874-021-01375-x.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fjcpe.13641
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0254496&type=printable
https://www.nature.com/articles/s41591-022-02045-1.pdf
https://ai.jmir.org/2025/1/e58670
https://link.springer.com/content/pdf/10.1007/s10462-023-10561-w.pdf
https://www.atsjournals.org/doi/pdf/10.1164/rccm.202102-0517OC

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21

guidelines for single-cell RNA-seq in biomedical studies and clinical
applications,” *Medical Research*, vol. 2022, Springer. springer.com

X. Wu, H. Yang, H. Chen, Q. Hu, and H. Hu, "Long-term 4D trajectory
prediction using generative adversarial networks," Transportation
Research Part C, vol. XX, pp. YY-ZZ, 2022. [HTML]

A. Jankovic, G. Chaudhary, and F. Goia, "Designing the design of
experiments (DOE)-An investigation on the influence of different
factorial designs on the characterization of complex systems," Energy and
Buildings, 2021. sciencedirect.com

A. S. Munna and M. A. Kalam, "Teaching and learning process to
enhance teaching effectiveness: a literature review," *International
Journal of Humanities and ...*, 2021. humanistudies.com

A. Newman, Y. L. Bavik, M. Mount, and B. Shao, "Data collection via
online platforms: Challenges and recommendations for future research,"
Applied Psychology, 2021. [HTML]

A. Ghanad, "An overview of quantitative research methods,"
*International Journal of Multidisciplinary Research and ...*, 2023.
researchgate.net

H. Taherdoost, "Data collection methods and tools for research; a step-
by-step guide to choose data collection technique for academic and
business research projects,” *Journal of Academic Research in
Management (IJARM)*, 2021. hal.science

M. J. Curtis, S. P. H. Alexander, G. Cirino, et al., "Planning experiments:
Updated guidance on experimental design and analysis and their reporting
I11," *British Journal of...*, vol. 2022, Wiley Online Library. wiley.com

I. Krifa, Q. Hallez, L. E. van Zyl, A. Braham, "Effectiveness of an online
positive psychology intervention among Tunisian healthcare students on
mental health and study engagement during the Covid-19 ...," Health and
Well..., vol. 2022, Wiley Online Library. tue.nl

I. Supena, A. Darmuki, and A. Hariyadi, "The Influence of 4C
(Constructive, Critical, Creativity, Collaborative) Learning Model on
Students' Learning Outcomes.," International Journal of Instruction,
2021. ed.gov

C. Kooli, "Chatbots in education and research: A critical examination of
ethical implications and solutions,” Sustainability, 2023. mdpi.com

P. Mishra, C. M. Pandey, U. Singh, and A. Gupta, "Scales of

Page | 71


https://link.springer.com/content/pdf/10.1186/s40779-022-00434-8.pdf
https://www.sciencedirect.com/science/article/pii/S0968090X22000031
https://www.sciencedirect.com/science/article/pii/S037877882100582X
http://www.humanistudies.com/ijhi/article/download/102/85
https://iaap-journals.onlinelibrary.wiley.com/doi/abs/10.1111/apps.12302
https://www.researchgate.net/profile/Anahita-Ghanad/publication/373370007_An_Overview_of_Quantitative_Research_Methods/links/67b28ffc645ef274a48341a1/An-Overview-of-Quantitative-Research-Methods.pdf
https://hal.science/hal-03741847v1/file/Data%20Collection%20Methods%20and%20Tools%20for%20Research%20.pdf
https://bpspubs.onlinelibrary.wiley.com/doi/pdfdirect/10.1111/bph.15868
https://research.tue.nl/files/192548074/Applied_Psych_Health_Well_2021_Krifa_Effectiveness_of_an_online_positive_psychology_intervention_among_Tunisian.pdf
https://files.eric.ed.gov/fulltext/EJ1304598.pdf
https://www.mdpi.com/2071-1050/15/7/5614/pdf

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

Measurement and Presentation of Statistical Data,” 2018.
ncbi.nlm.nih.gov

S. B. Mishra and S. Alok, "Handbook of research methodology," 2022.
unitywomenscollege.ac.in

Z. Wang, J. Chen, J. Chen, and H. Chen, "ldentifying interdisciplinary
topics and their evolution based on BERTopic," Scientometrics, 2024.
[HTML]

H. Taherdoost, "What are different research approaches? Comprehensive
review of qualitative, quantitative, and mixed method research, their
applications, types, and ...," *Journal of Management Science &
Engineering Research*, 2022. hal.science

0. Oztiirk, R. Kocaman, and D. K. Kanbach, "How to design bibliometric
research: an overview and a framework proposal," Review of managerial
science, 2024. springer.com

S. W. Lee, "Methods for testing statistical differences between groups in
medical research: statistical standard and guideline of Life Cycle
Committee,” Life Cycle, 2022. elifecycle.org

M. A. Islam and F. M. F. Aldaihani, "Justification for adopting qualitative
research method, research approaches, sampling strategy, sample size,
interview method, saturation, and data analysis," *Journal of International
Business and ...*, 2022. researchgate.net

R. Ruslin, S. Mashuri, and M. S. A. Rasak, "Semi-structured Interview:
A methodological reflection on the development of a qualitative research
instrument in educational studies," *Journal of Research*, vol. 2022.
iainpalu.ac.id

M. Blut, A. Y. L. Chong, Z. Tsiga, and V. Venkatesh, "Meta-analysis of
the unified theory of acceptance and use of technology (UTAUT):
challenging its validity and charting a research agenda in the red ocean,"
2022. vt.edu

A. Hazari, "Introduction to research methodology," in *Research
Methodology for Allied Health Professionals™, 2024, Springer. [HTML]

S. K. Ahmed, "The pillars of trustworthiness in qualitative research,"”
Journal of Medicine, . sciencedirect.com

W. M. Lim, "What is qualitative research? An overview and guidelines,"
Australasian Marketing Journal, 2024. sagepub.com

Page | 72


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6206790/
https://dspace.unitywomenscollege.ac.in/bitstream/123456789/1319/1/BookResearchMethodology.pdf
https://link.springer.com/article/10.1007/s11192-023-04776-5
https://hal.science/hal-03741840/document
https://link.springer.com/content/pdf/10.1007/s11846-024-00738-0.pdf
https://www.elifecycle.org/archive/view_article?pid=lc-2-0-1
https://www.researchgate.net/profile/Md-Islam-394/publication/357352896_Justification_for_Adopting_Qualitative_Research_Method_Research_Approaches_Sampling_Strategy_Sample_Size_Interview_Method_Saturation_and_Data_Analysis/links/61c9ed5ab8305f7c4b05d50c/Justification-for-Adopting-Qualitative-Research-Method-Research-Approaches-Sampling-Strategy-Sample-Size-Interview-Method-Saturation-and-Data-Analysis.pdf
http://repository.iainpalu.ac.id/id/eprint/1247/1/Saepudin%20Mashuri.%20Artkel%20inter..pdf
https://vtechworks.lib.vt.edu/bitstreams/9521ff87-d8e2-4f22-95ff-3a7c1db0e71d/download
https://link.springer.com/chapter/10.1007/978-981-99-8925-6_1
https://www.sciencedirect.com/science/article/pii/S2949916X24000045
https://journals.sagepub.com/doi/pdf/10.1177/14413582241264619

33

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

V. Braun, V. Clarke, E. Boulton, and L. Davey, "The online survey as a
qualitative research tool," in *Research Methodology*, Taylor & Francis,
2021. [HTML]

O. C. Enworo, "Application of Guba and Lincoln's parallel criteria to
assess trustworthiness of qualitative research on indigenous social
protection systems," Qualitative research journal, 2023. emerald.com

P. A. Christou, "How to use artificial intelligence (Al) as a resource,
methodological and analysis tool in qualitative research?,”" Qualitative
Report, 2023. researchgate.net

N. M. Rahmah and R. T. S. Hariyati, "Nurses' efforts to maintain
competence: a qualitative study," *Journal of Public Health Research*,
vol. 2022. sagepub.com

F. Faggioni and M. Valerio Rossi, "Supply chain resilience in the
pharmaceutical industry: A qualitative analysis from scholarly and
managerial perspectives," International Journal of..., 2023. unicatt.it

D. Florensa, P. Godoy, J. Mateo, "The use of multiple correspondence
analysis to explore associations between categories of qualitative
variables and cancer incidence,” IEEE Journal of ..., vol. XX, no. YY, pp.
Z77-77,2021. ieee.org

J. Schoonenboom, "The fundamental difference between qualitative and
quantitative data in mixed methods research,” Forum Qualitative
Sozialforschung, vol. 2023. qualitative-research.net

F. Pargent, F. Pfisterer, J. Thomas, and B. Bischl, "Regularized target
encoding outperforms traditional methods in supervised machine learning
with high cardinality features,” Computational Statistics, 2022.
springer.com

M. Bilal, G. Ali, M. W. Igbal, M. Anwar, and M. S. A. Malik, "Auto-
prep: efficient and automated data preprocessing pipeline," in *IEEE
Transactions*, vol. 2022. ieee.org

H. Hakkoum, I. Abnane, and A. Idri, "Interpretability in the medical field:
A systematic mapping and review study," Applied Soft Computing, 2022.
[HTML]

K. Dehalwar and S. N. Sharma, "Fundamentals of research writing and
uses of research methodologies,” 2023. [HTML]

A. X. Wang, S. S. Chukova, C. R. Simpson, and B. P. Nguyen,
"Challenges and opportunities of generative models on tabular data,”
Applied Soft Computing, 2024. sciencedirect.com

Page | 73


https://www.tandfonline.com/doi/abs/10.1080/13645579.2020.1805550
https://www.emerald.com/insight/content/doi/10.1108/qrj-08-2022-0116/full/pdf
https://www.researchgate.net/profile/Prokopis-A-Christou/publication/372250627_Eow_to_Use_Artificial_Intelligence_AI_as_a_Resource_Methodological_and_Analysis_Tool_in_Qualitative_Research/links/64acfe8c8de7ed28ba8f5aa5/Eow-to-Use-Artificial-Intelligence-AI-as-a-Resource-Methodological-and-Analysis-Tool-in-Qualitative-Research.pdf
https://journals.sagepub.com/doi/pdf/10.4081/jphr.2021.2736
https://publicatt.unicatt.it/bitstream/10807/265057/1/Faggioni%2C%20F.%2C%20Rossi%2C%20M.V.%2C%20Sestino%2C%20A.%20%282023%29.%20Supply%20Chain%20Resilience%20in%20the%20Pharmaceutical%20Industry-%20A%20Qualitative%20Analysis%20from%20Scholarly%20and%20Managerial%20Perspective.pdf
https://ieeexplore.ieee.org/iel7/6221020/9528502/09405407.pdf
http://www.qualitative-research.net/index.php/fqs/article/download/3986/4917
https://link.springer.com/content/pdf/10.1007/s00180-022-01207-6.pdf
https://ieeexplore.ieee.org/iel7/6287639/6514899/09856663.pdf
https://www.sciencedirect.com/science/article/pii/S1568494621011522
https://books.google.com/books?hl=en&lr=&id=1sjcEAAAQBAJ&oi=fnd&pg=PA1&dq=Categorical+data+includes+qualitative+and+ranked+varieties+crucial+for+diverse+datasets.&ots=cJ0iBxcHd5&sig=0jBdsi4uYok7QYuNG-FJaubCEEg
https://www.sciencedirect.com/science/article/pii/S1568494624009979

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

M. K. Dahouda and I. Joe, "A deep-learned embedding technique for
categorical features encoding," IEEE Access, 2021. ieee.org

L. N. Muhammad, "Guidelines for repeated measures statistical analysis
approaches with basic science research considerations,” The Journal of
clinical investigation, 2023. jci.org

J. Hu and S. Szymczak, "A review on longitudinal data analysis with
random forest," Briefings in bioinformatics, 2023. oup.com

K. J. Joyner and E. R. Perkins, "Challenges and ways forward in bridging
units of analysis in clinical psychological science.,” 2023. [HTML]

H. Lin and S. D. Peddada, "Multigroup analysis of compositions of
microbiomes with covariate adjustments and repeated measures," Nature
methods, 2024. nature.com

Z. Yu, M. Guindani, S. F. Grieco, L. Chen et al., "Beyond t test and
ANOVA: applications of mixed-effects models for more rigorous
statistical analysis in neuroscience research," Neuron, 2022. cell.com

F. Campanella, L. Serino, A. Crisci, "The role of corporate governance in
environmental policy disclosure and sustainable development.
Generalized estimating equations in longitudinal count data analysis,"”
*Corporate Social Responsibility and Environmental Management*, vol.
2021, Wiley Online Library. academia.edu

E. M. Rogers and S. A. Rahim, "11. Where are we in understanding the
diffusion of innovations?" in *Communication and Change: The Last Ten
.. %2021 [HTML]

T.W. Taris, S. R. Kessler, and E. K. Kelloway, "Strategies addressing the
limitations of cross-sectional designs in occupational health psychology:
What they are good for (and what not)," Work & Stress, 2021.
tandfonline.com

W. Bleidorn, T. Schwaba, A. Zheng, et al., "Personality stability and
change: A meta-analysis of longitudinal studies,” *Psychological
Bulletin*, vol. 2022. osf.io

E. L. Hamaker and T. Asparouhov, "Dynamic structural equation
modeling as a combination of time series modeling, multilevel modeling,
and structural equation modeling,” in *The Handbook of...*, 2021.
github.io

M. Jopling, "Using quantitative data," 2019. [PDF]

Page | 74


https://ieeexplore.ieee.org/iel7/6287639/6514899/09512057.pdf
https://www.jci.org/articles/view/171058/files/pdf
https://academic.oup.com/bib/article-pdf/24/2/bbad002/49559948/bbad002.pdf
https://psycnet.apa.org/record/2024-18018-007
https://www.nature.com/articles/s41592-023-02092-7.pdf
https://www.cell.com/neuron/pdfExtended/S0896-6273(21)00845-X
https://www.academia.edu/download/103258548/csr.206220230611-1-pv8dlt.pdf
https://www.degruyter.com/document/doi/10.1515/9780824887100-012/pdf?licenseType=restricted
https://www.tandfonline.com/doi/pdf/10.1080/02678373.2021.1888561
https://osf.io/preprints/psyarxiv/eq5d6/download
https://ellenhamaker.github.io/DSEM-book-chapter/HamakerAsparouhovMuthen21.pdf
https://core.ac.uk/download/199184885.pdf

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

M. Tayefi, P. Ngo, T. Chomutare, "Challenges and opportunities beyond
structured data in analysis of electronic health records,” Wiley, 2021.
wiley.com

K. Ahmad, M. Maabreh, M. Ghaly, K. Khan, J. Qadir, "Developing future
human-centered smart cities: Critical analysis of smart city security, Data
management, and Ethical challenges," Computer Science, vol. 2022,
Elsevier. [HTML]

A. Aldoseri, K. N. Al-Khalifa, and A. M. Hamouda, "Re-thinking data
strategy and integration for artificial intelligence: concepts, opportunities,
and challenges," Applied Sciences, 2023. mdpi.com

M. Pushkarna, A. Zaldivar, and O. Kjartansson, "Data cards: Purposeful
and transparent dataset documentation for responsible Al" in
*Proceedings of the 2022 ACM ...*, 2022. acm.org

M. Naeem, T. Jamal, J. Diaz-Martinez, S. A. Butt, "Trends and future
perspective challenges in big data," in *Intelligent Data Analysis*, vol.
2022, Springer. minciencias.gov.co

S. V. Shet, T. Poddar, F. W. Samuel, and Y. K. Dwivedi, "Examining the
determinants of successful adoption of data analytics in human resource
management—A framework for implications,” *Journal of Business*, vol.
2021, Elsevier. academia.edu

A. R. Munappy, J. Bosch, H. H. Olsson, and A. Arpteg, "Data
management for production quality deep learning models: Challenges and
solutions,” *Journal of Systems and Software*, vol. 202, 2022.
sciencedirect.com

N. Martinez-lIturricastillo, M. N. Guidhir, A. Ulazia, "Extreme wave
analysis for marine renewable energies in Ireland,” Energy Conversion
and Management, vol. 2025, Elsevier, 2025. sciencedirect.com

A. Boscolo, A. Bruni, M. Giani, E. Garofalo, "Correction to:
Retrospective ANalysis of multi-drug resistant Gram-nEgative bacteRia
on veno-venous extracorporeal membrane oxygenation. The multicenter
...," Critical Care, vol. 2025. biomedcentral.com

D. T. Ghebreyesus and H. O. Sharif, "Development and assessment of
high-resolution radar-based precipitation intensity-duration-curve (IDF)
curves for the state of Texas," Remote Sensing, 2021. mdpi.com

S. Zhang, R. Yao, C. Du, E. Essah et al., "Analysis of outlier detection
rules based on the ASHRAE global thermal comfort database,” Building
and Environment, 2023. reading.ac.uk

Page | 75


https://wires.onlinelibrary.wiley.com/doi/pdf/10.1002/wics.1549
https://www.sciencedirect.com/science/article/pii/S1574013721000885
https://www.mdpi.com/2076-3417/13/12/7082/pdf
https://dl.acm.org/doi/pdf/10.1145/3531146.3533231
https://redcol.minciencias.gov.co/Record/RCUC2_5996fd99e6eccb5ffe7f4e761f13a9e1/Details
https://www.academia.edu/download/66680932/JBR_HRA_paper.pdf
https://www.sciencedirect.com/science/article/pii/S0164121222000905
https://www.sciencedirect.com/science/article/pii/S2590174525001047
https://ccforum.biomedcentral.com/counter/pdf/10.1186/s13054-024-05231-4.pdf
https://www.mdpi.com/2072-4292/13/15/2890
https://centaur.reading.ac.uk/111009/1/4%20outlier%20paper%20-%20submission%20-%20R1%20without%20highlight.pdf

68

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

J. H. Sullivan, M. Warkentin, and L. Wallace, "So many ways for
assessing outliers: What really works and does it matter?," Journal of
Business Research, 2021. [HTML]

J. A. Laukkanen, H. Khan, C. J. Lavie, A. Voutilainen, et al., "Inverse
association of handgrip strength with risk of heart failure," Mayo Clinic
Proceedings, vol. 2021, Elsevier. bris.ac.uk

A. Mazarei, R. Sousa, J. Mendes-Moreira, "Online boxplot derived outlier
detection,” *International Journal of...*, 2025. springer.com

O. Alabi and T. Bukola, "Introduction to Descriptive statistics," Recent
Advances in Biostatistics, 2023. intechopen.com

C. E. van der Bruggen, M. L. Handoko, H. J. Bogaard, et al., "The value
of hemodynamic measurements or cardiac MRI in the follow-up of
patients with idiopathic pulmonary arterial hypertension,” Chest, vol.
160, no. 2, pp. 450-461, 2021. sciencedirect.com

Z. Han, J. Chen, F. Zhang, and Z. Gao, "An efficient online outlier
recognition method of dam monitoring data based on improved M-robust
regression,” *Structural Health Monitoring™*, vol. 2023. sagepub.com

G. Kotronoulas, S. Miguel, M. Dowling, et al., "An overview of the
fundamentals of data management, analysis, and interpretation in
quantitative research,” Seminars in Oncology, vol. 2023, Elsevier.
sciencedirect.com

Z. Shang, "Use of Delphi in health sciences research: a narrative review,"
Medicine, 2023. lww.com

G. Hatem, J. Zeidan, M. Goossens, "Normality testing methods and the
importance of skewness and kurtosis in statistical analysis," Journal of
Science and ..., vol. 2022. bau.edu.Ib

N. Salankar, P. Mishra, and L. Garg, "Emotion recognition from EEG
signals using empirical mode decomposition and second-order difference
plot," Biomedical Signal Processing and Control, 2021. [HTML]

I. Kusmaryono, D. Wijayanti, and H. R. Maharani, "Number of Response
Options, Reliability, Validity, and Potential Bias in the Use of the Likert
Scale Education and Social Science Research: A Literature Review,"
*International Journal of ...*, 2022. ed.gov

W. W. Nazaroff and C. J. Weschler, "Indoor ozone: Concentrations and
influencing factors," Indoor air, 2022. wiley.com

Page | 76


https://www.sciencedirect.com/science/article/pii/S0148296321002290
https://research-information.bris.ac.uk/files/250389564/Handgrip_HF_Final_1_.pdf
https://link.springer.com/content/pdf/10.1007/s41060-024-00559-0.pdf
https://www.intechopen.com/chapters/1141192
https://www.sciencedirect.com/science/article/pii/S0012369220351369
https://journals.sagepub.com/doi/pdf/10.1177/14759217221102060
https://www.sciencedirect.com/science/article/pii/S0749208123000293
https://journals.lww.com/md-journal/_layouts/15/oaks.journals/downloadpdf.aspx?an=00005792-202302170-00025
https://digitalcommons.bau.edu.lb/cgi/viewcontent.cgi?article=1072&context=stjournal
https://www.sciencedirect.com/science/article/pii/S174680942030495X
https://files.eric.ed.gov/fulltext/EJ1369114.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111/ina.12942

80

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

A. Lanczky and B. Gy6rfty, "Web-based survival analysis tool tailored
for medical research (KMplot): development and implementation,"”
Journal of medical Internet research, 2021. jmir.org

I. Chang, H. Park, E. Hong, J. Lee et al., "Predicting effects of built
environment on fatal pedestrian accidents at location-specific level:
Application of XGBoost and SHAP," Accident Analysis & Prevention,
2022. [HTML]

G. Varoquaux and O. Colliot, "Evaluating machine learning models and
their diagnostic value," Machine learning for brain disorders, 2023.
springer.com

M. Abdel-Basset, D. El-Shahat, M. Jameel, "Exponential distribution
optimizer (EDO): a novel math-inspired algorithm for global optimization
and engineering problems," Artificial Intelligence, vol. 2023, Springer.
zu.edu.eg

D. Wang, J. Zhong, C. Li, and Z. Peng, "Box-Cox sparse measures: A
new family of sparse measures constructed from kurtosis and negative
entropy,"” Mechanical Systems and Signal Processing, vol. 2021, Elsevier.
[HTML]

F. G. Zampieri, J. D. Casey, M. Shankar-Hari, et al., "Using Bayesian
methods to augment the interpretation of critical care trials. An overview
of theory and example reanalysis of the alveolar recruitment for acute ...,"
* American Journal of ...*, 2021. atsjournals.org

A. Ha, S. J. Kim, S. R. Shim, Y. K. Kim et al., "Efficacy and safety of 8
atropine concentrations for myopia control in children: a network meta-
analysis," Ophthalmology, 2022. sciencedirect.com

H. Peraza-Vazquez, A. F. Pefia-Delgado, et al., "A bio-inspired method
for engineering design optimization inspired by dingoes hunting
strategies,” Mathematical Methods in the Applied Sciences, vol. 2021,
Wiley Online Library. wiley.com

T. Zhang, "Mathematical analysis of machine learning algorithms," 2023.
[HTML]

J. Kaplan, M. Jalili, and D. McD. Taylor, "Basic statistics: A research
primer for low- and middle-income countries,” 2020. ncbi.nlm.nih.gov

Z. H. Jiao and X. Shan, "Statistical framework for the evaluation of
earthquake forecasting: A case study based on satellite surface
temperature anomalies,” Journal of Asian Earth Sciences, 2021.
sciencedirect.com

Page | 77


https://www.jmir.org/2021/7/e27633/
https://www.sciencedirect.com/science/article/pii/S0001457521005765
https://link.springer.com/content/pdf/10.1007/978-1-0716-3195-9_20.pdf
https://staffdata.zu.edu.eg/mohamedbasset/wp-content/Resources/EDO_pdf.pdf
https://www.sciencedirect.com/science/article/pii/S0888327021003253
https://www.atsjournals.org/doi/pdf/10.1164/rccm.202006-2381CP
https://www.sciencedirect.com/science/article/pii/S0161642021008174
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2021/9107547
https://books.google.com/books?hl=en&lr=&id=W5LOEAAAQBAJ&oi=fnd&pg=PP1&dq=The+median+is+defined+mathematically+as+the+value+for+which+the+probability+is+0.5.&ots=uI8wjUmSpq&sig=lPEq6MCEnlfTPJ-87rXTtQe9L-g
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7718448/
https://www.sciencedirect.com/science/article/am/pii/S1367912021000481

91. J. Jing, S. Yoon, J. Joe, E. J. Kim et al., "Demonstrating the use of
absolute pressure sensors for monitoring stack-driven pressure
differences in high-rise buildings," Building and Environment, 2025.
[HTML]

92. M. de la Rubia, "J. Lognormal Distribution for Social Researchers: A
Probability Classic," Int. J. Psychol. Couns, 2024. academicjournals.org

93. P. H. Lee, C. C. Torng, H. R. Jhong, "Monitoring the coefficient of
variation using a double-sampling control chart,” *Communications in
Statistics*, vol. 2023, Taylor & Francis. [HTML]

94. N. Altman and M. Krzywinski, "Depicting variability and uncertainty
using intervals and error bars,” Laboratory animals, 2024. sagepub.com

95. D. Gutierrez and C. Hanak, "Measurement-While-Drilling MWD Error
Model Validation—-Does the Model Reflect Reality?,” SPE/IADC Drilling
Conference and Exhibition, 2021. [HTML]

96. V. Carvalho, M. Ferreira, and C. Providéncia, "From neutron star
observations to nuclear matter properties: A machine learning approach,”
Physical Review D, 2024. [PDF]

97. T.EIGharbawiand F. Zarzoura, "Damage detection using SAR coherence
statistical analysis, application to Beirut, Lebanon," ISPRS Journal of
Photogrammetry and Remote Sensing, vol. 2021, Elsevier.
researchgate.net

98. Z. Zuo, M. Watson, D. Budgen, and R. Hall, "Data anonymization for
pervasive health care: systematic literature mapping study,” *JMIR
Medical Informatics*, vol. 9, no. 4, 2021. jmir.org

99. K. Crossfield, K. Zucker, P. Baxter, P. Wright, J. Fistein, "A data flow
process for confidential data and its application in a health research
project,” *Plos One*, 2022. plos.org

100.M. Bhattacharjee, C. Kaposy, M. R. Grossman, "Patient photographs on
Google Images: a commentary on informed consent, copyright, and
privacy laws,” Law, Innovation and Technology, vol. 2023, Taylor &
Francis. tandfonline.com

101.A. Shahid, M. H. Bazargani, P. Banahan, and B. Mac Namee, "A two-
stage de-identification process for privacy-preserving medical image
analysis," Healthcare, vol. 10, no. 6, 2022. mdpi.com

102.N. Alhammad, M. Alajlani, A. Abd-Alrazaq, et al., "Patients' perspectives
on the data confidentiality, privacy, and security of mHealth apps:
systematic review," Journal of Medical ..., 2024. jmir.org

Page | 78


https://www.sciencedirect.com/science/article/pii/S0360132324013416
https://academicjournals.org/journal/IJPC/article-full-text-pdf/29E9DE572216.pdf
https://www.tandfonline.com/doi/abs/10.1080/03610918.2021.1971242
https://journals.sagepub.com/doi/pdf/10.1177/00236772241247105
https://onepetro.org/SPEDC/proceedings-abstract/21DC/4-21DC/D041S017R004/460312
https://arxiv.org/pdf/2401.05770
https://www.researchgate.net/profile/Tamer-Elgharbawi/publication/348521180_Damage_detection_using_SAR_coherence_statistical_analysis_application_to_Beirut_Lebanon/links/6001f66f299bf140889b64b3/Damage-detection-using-SAR-coherence-statistical-analysis-application-to-Beirut-Lebanon.pdf
https://medinform.jmir.org/2021/10/e29871
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0262609&type=printable
https://www.tandfonline.com/doi/pdf/10.1080/17579961.2023.2245684
https://www.mdpi.com/2227-9032/10/5/755/pdf
https://www.jmir.org/2024/1/e50715/

103.E. H. I. Eliwa and A. M. El Koshiry, "Secure and transparent lung and
colon cancer classification using blockchain and Microsoft Azure,”
Advances in ..., 2024. nih.gov

104.D. Mazzuca, M. Borselli, S. Gratteri, and G. Zampogna, "Applications
and current medico-legal challenges of telemedicine in ophthalmology,"
*International Journal of...*, 2022. mdpi.com

105.A. M. Batra and A. Reche, "A new era of dental care: harnessing artificial
intelligence for better diagnosis and treatment,” Cureus, 2023.
cureus.com

106.R. M. A. van der Boon, A. J. Camm, C. Aguiar, et al., "Risks and benefits
of sharing patient information on social media: a digital dilemma," *Heart
Journal-Digital*, 2024. oup.com

107.A. Banerjee, U. B. Chitnis, S. L. Jadhav, J. S. Bhawalkar et al.,
"Hypothesis testing, type | and type Il errors," 2009. nchi.nlm.nih.gov

108.D. Alejandro Gonzalez-Chica, J. Luiz Bastos, R. Pereira Duquia, R.
Rangel Bonamigo et al., "Test of association: which one is the most
appropriate for my study?," 2015. ncbi.nlm.nih.gov

109.A. Y. Suvorov, N. M. Bulanov, A. N. Shvedova, "Statistical hypothesis
testing: general approach in medical research," CeueHoBckuii ..., 2022.
cyberleninka.ru

110.1. Karunarathna and P. Gunasena, "The role of scientific hypotheses in
shaping modern research and innovation," 2024. researchgate.net

111.S. Rafat and A. K. Srivastav, "Developing hypotheses for scientific
research in musculoskeletal conditions: A guide for health-care
professionals,” *Journal of Musculoskeletal Surgery and Research*,
2024. journalmsr.com

112.S. Vadakedath and V. Kandi, "Clinical research: a review of study
designs, hypotheses, errors, sampling types, ethics, and informed
consent,” Cureus, 2023. cureus.com

113.1. Karunarathna, P. Gunasena, T. Hapuarachchi, "Challenges in
publishing scientific hypotheses: Ethical and practical implications,"
2024. researchgate.net

114.J. Stunt, L. van Grootel, L. Bouter, D. Trafimow, et al., "Why we
habitually engage in null-hypothesis significance testing: A qualitative
study," PLoS, 2021. plos.org

Page | 79


https://pmc.ncbi.nlm.nih.gov/articles/PMC11505339/
https://www.mdpi.com/1660-4601/19/9/5614
https://www.cureus.com/articles/208077-a-new-era-of-dental-care-harnessing-artificial-intelligence-for-better-diagnosis-and-treatment.pdf
https://academic.oup.com/ehjdh/article-pdf/5/3/199/57765107/ztae009.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996198/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560542/
https://cyberleninka.ru/article/n/statistical-hypothesis-testing-general-approach-in-medical-research
https://www.researchgate.net/profile/Indunil-Karunarathna/publication/383205323_The_Role_of_Scientific_Hypotheses_in_Shaping_Modern_Research_and_Innovation/links/66c16f4b2ff54d6c9ed9fbf5/The-Role-of-Scientific-Hypotheses-in-Shaping-Modern-Research-and-Innovation.pdf
https://journalmsr.com/developing-hypotheses-for-scientific-research-in-musculoskeletal-conditions-a-guide-for-health-care-professional/
https://www.cureus.com/articles/121055-clinical-research-a-review-of-study-designs-hypotheses-errors-sampling-types-ethics-and-informed-consent.pdf
https://www.researchgate.net/profile/Indunil-Karunarathna/publication/383205075_Challenges_in_Publishing_Scientific_Hypotheses_Ethical_and_Practical_Implications/links/66c1626a145f4d3553620a9b/Challenges-in-Publishing-Scientific-Hypotheses-Ethical-and-Practical-Implications.pdf
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0258330&type=printable

115.S. D. Kalpande and L. K. Toke, "Reliability analysis and hypothesis
testing of critical success factors of total productive maintenance,”
*International Journal of Quality & Reliability Engineering*, vol. 2022.
[HTML]

116.1. Karunarathna, P. Gunasena, T. Hapuarachchi, "The evolution of
hypotheses in scientific literature: A review of impact and reach," 2024.
researchgate.net

117.1. Karunarathna, P. Gunasena, T. Hapuarachchi, "Hypotheses in
biomedical research: Citations, bias, and global trends,"” 2024.
researchgate.net

118.W. M. A. W. Ahamd, M. N. Adnan, and F. M. M. Ghazali, "Planning and
Designing of Research Hypothesis," 2024. [HTML]

119.W. Tian and C. X. Ma, "Confidence Intervals for Ratios of Proportions in
Stratified Bilateral Correlated Data," 2023. [PDF]

120.C. Holmberg, "Why we need to discuss statistical significance and p-
values (again): Addressing the underlying issue of different probability
interpretations and actionable ...," Nordic Journal of Nursing Research,
2024. sagepub.com

121.C. Areia, C. Biggs, M. Santos, N. Thurley, S. Gerry, "The impact of
wearable continuous vital sign monitoring on deterioration detection and
clinical outcomes in hospitalised patients: a systematic review and meta,"
Critical Care, vol. 25, no. 1, 2021. springer.com

122.A. Salako, J. Fabuyi, and N. T. Aideyan, "Advancing Information
Governance in Al-Driven Cloud Ecosystem: Strategies for Enhancing
Data Security and Meeting Regulatory Compliance," 2024. ssrn.com

123.Q. Gao, "Decision support systems for lifelong learning: Leveraging
information systems to enhance learning quality in higher education," J.
Internet Serv. Inf. Secur, 2024. jisis.org

124.M. Hafizah, S. Solin, and C. T. Purba, "Meta-Analysis: The Impact of
Problem-Based Learning (PBL) Models on Students' Critical Thinking
Skills," Journal of Digital Education, 2024. moripublishing.com

125.L. Citrome, R. Risinger, L. Rajachandran, and H. Robison, "Sublingual
dexmedetomidine for agitation associated with schizophrenia or bipolar
disorder: a post hoc analysis of number needed to treat, number needed to
harm ...," Advances in Therapy, 2022. springer.com

126.H. Wang, Z. Yu, and X. Wang, "Expertise differences in cognitive

Page | 80


https://www.emerald.com/insight/content/doi/10.1108/IJQRM-03-2021-0068
https://www.researchgate.net/profile/Indunil-Karunarathna/publication/383205113_The_Evolution_of_Hypotheses_in_Scientific_Literature_A_Review_of_Impact_and_Reach/links/66c16ed68d007355925dd214/The-Evolution-of-Hypotheses-in-Scientific-Literature-A-Review-of-Impact-and-Reach.pdf
https://www.researchgate.net/profile/Indunil-Karunarathna/publication/383204996_Hypotheses_in_Biomedical_Research_Citations_Bias_and_Global_Trends/links/66c165268d007355925dd0bc/Hypotheses-in-Biomedical-Research-Citations-Bias-and-Global-Trends.pdf
https://books.google.com/books?hl=en&lr=&id=pYkpEQAAQBAJ&oi=fnd&pg=PT7&dq=Hypothesis+testing+is+critical+in+conducting+health+research.&ots=I3Ra2h3A6w&sig=KYh4ueMq-99WR5xedmMcEh4N3Qs
https://arxiv.org/pdf/2303.13557
https://journals.sagepub.com/doi/pdf/10.1177/20571585241253177
https://link.springer.com/content/pdf/10.1186/s13054-021-03766-4.pdf
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=5047454
https://jisis.org/wp-content/uploads/2024/10/2024.I4.007.pdf
https://www.journal.moripublishing.com/index.php/jdle/article/download/1393/380
https://link.springer.com/content/pdf/10.1007/s12325-022-02274-3.pdf

interpreting: A meta-analysis of eye tracking studies across four decades,"
Wiley Interdisciplinary Reviews, vol. 2024. [HTML]

127.J. C. Leary, H. Bagley, I. T. Chan, J. L. Coates, et al., "Evaluating the
impact of a pediatric inpatient social care program in a community
hospital," Hospital Pediatrics, vol. 2024. [HTML]

128.G. W. Imbens, "Statistical Significance, p-Values, and the Reporting of
Uncertainty," Journal of Economic Perspectives, 2021. aeaweb.org

129.E. W. Gibson, "The Role of p-Values in Judging the Strength of Evidence
and Realistic Replication Expectations," Statistics in Biopharmaceutical
Research, 2021. tandfonline.com

130.D. C. McGiffin and G. Cumming, "The frequent insignificance of a
'significant' p-value," *Journal of Cardiac*, vol. 2021, Wiley Online
Library. [HTML]

131.E. Tsushima, "Interpreting results from statistical hypothesis testing:
understanding the appropriate P-value," Physical therapy research, 2022.

jst.go.jp
132.H. Sharma, "Statistical significance or clinical significance? A

researcher's dilemma for appropriate interpretation of research results,"
Saudi Journal of Anaesthesia, 2021. Iww.com

133.D. Berrar, "Using p-values for the comparison of classifiers: pitfalls and
alternatives,” Data Mining and Knowledge Discovery, 2022. [HTML]

134.Y. Jin and M. W. Kattan, "Practical guide to the typical analysis of
prognostic factors and biomarkers without the use of P-values,” Journal
of clinical epidemiology, 2023. [HTML]

135.A. J. Vickers, B. Van Claster, L. Wynants, et al., "Decision curve
analysis: confidence intervals and hypothesis testing for net benefit,"” *AJ
Vickers, B VVan Claster, L Wynants... - ... and prognostic research*, vol.
2023, Springer. springer.com

136.FYC Ng, AJ Thirunavukarasu, H Cheng, TF Tan, "Atrtificial intelligence
education: an evidence-based medicine approach for consumers,
translators, and developers," Reports Medicine, vol. 2023, 2023. cell.com

137.K. Giannakopoulos, A. Kavadella, A. Aagel Salim, ..., "... of generative
Al large language models ChatGPT, Google Bard, and Microsoft Bing
Chat in supporting evidence-based dentistry: comparative mixed methods
...," Journal of Medical, vol. 2023. jmir.org

Page | 81


https://wires.onlinelibrary.wiley.com/doi/abs/10.1002/wcs.1667
https://publications.aap.org/hospitalpediatrics/article/doi/10.1542/hpeds.2023-007487/196864
https://pubs.aeaweb.org/doi/pdf/10.1257/jep.35.3.157
https://www.tandfonline.com/doi/pdf/10.1080/19466315.2020.1724560
https://onlinelibrary.wiley.com/doi/abs/10.1111/jocs.15960
https://www.jstage.jst.go.jp/article/ptr/25/2/25_R0019/_pdf
https://journals.lww.com/sjan/_layouts/15/oaks.journals/downloadpdf.aspx?an=01437113-202115040-00012
https://link.springer.com/article/10.1007/s10618-022-00828-1
https://www.sciencedirect.com/science/article/pii/S0895435623000768
https://link.springer.com/content/pdf/10.1186/s41512-023-00148-y.pdf
https://www.cell.com/cell-reports-medicine/pdf/S2666-3791(23)00407-X.pdf
https://www.jmir.org/2023/1/e51580/

138.B. M. Melnyk, A. Tan, A. P. Hsieh, and others, "Evidence-Based Practice
Culture and Mentorship Predict EBP Implementation, Nurse Job
Satisfaction, and Intent to Stay: Support for the ARCCO© Model," in
*Journal on Evidence-Based Practice*, 2021. [HTML]

139.L. Daouk-Oyry and T. Sahakian, "Evidence-based management
competency model for managers in hospital settings," *British Journal of
... %, 2021. wiley.com

140.J. J. Woo, A. J. Yang, R. J. Olsen, S. S. Hasan, "... Models Improve
Accuracy: Comparing Retrieval Augmented Generation and Artificial
Intelligence Agents to Noncustom Models for Evidence-Based
Medicine," The Journal of ..., 2025. [HTML]

141.P. U. Kaseka and B. C. Mbakaya, "Knowledge, attitude and use of
evidence based practice (EBP) among registered nurse-midwives
practicing in central hospitals in Malawi: a cross-sectional survey,” BMC
nursing, 2022. springer.com

142.C. S. C. Asterhan and A. Lefstein, "The search for evidence-based
features of effective teacher professional development: A critical analysis
of the literature,” Professional development in education, 2024.
tandfonline.com

143.J. Dusin, A. Melanson, and L. Mische-Lawson, "Evidence-based practice
models and frameworks in the healthcare setting: a scoping review," BMJ
open, 2023. bmj.com

144.L. Wang, X. Chen, X. W. Deng, H. Wen, and M. K. You, "Prompt
engineering in consistency and reliability with the evidence-based
guideline for LLMs," *Digital Medicine*, 2024. nature.com

145.A. K. Dwivedi, "How to write statistical analysis section in medical
research,” Journal of Investigative medicine, 2022. nih.gov

146.B. Billot, C. Magdamo, Y. Cheng, S. E. Arnold, "Robust machine
learning segmentation for large-scale analysis of heterogeneous clinical
brain MRI datasets," in *Proceedings of the ...*, 2023. pnas.org

147.M. Varadi and S. Velankar, "The impact of AlphaFold Protein Structure
Database on the fields of life sciences," Proteomics, 2023. wiley.com

148.W. M. Su, Y. F. Cheng, Z. Jiang, Q. Q. Duan, T. M. Yang, et al.,
"Predictors of survival in patients with amyotrophic lateral sclerosis: a
large meta-analysis,” *The Lancet*, 2021. thelancet.com

149.WS Walker, SR Gorelik, SC Cook-Patton, "The global potential for

Page | 82


https://sigmapubs.onlinelibrary.wiley.com/doi/abs/10.1111/wvn.12524
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1467-8551.12434
https://www.sciencedirect.com/science/article/pii/S0749806324008831
https://link.springer.com/content/pdf/10.1186/s12912-022-00916-z.pdf
https://www.tandfonline.com/doi/pdf/10.1080/19415257.2023.2283437
https://bmjopen.bmj.com/content/bmjopen/13/5/e071188.full.pdf
https://www.nature.com/articles/s41746-024-01029-4.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9726973/pdf/jim-2022-002479.pdf
https://www.pnas.org/doi/pdf/10.1073/pnas.2216399120
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/pdf/10.1002%2Fpmic.202200128
https://www.thelancet.com/pdfs/journals/ebiom/PIIS2352-3964(21)00526-0.pdf

increased storage of carbon on land,"” *Proceedings of the National
Academy of Sciences*, vol. 119, no. 4, 2022. pnas.org

150.H. Husein-EIAhmed and M. Steinhoff, "Dupilumab in prurigo nodularis:
a systematic review of current evidence and analysis of predictive factors
to response,” *Journal of Dermatological ...*, 2022. [HTML]

151.B. G. Winton and M. A. Sabol, "A multi-group analysis of convenience
samples: free, cheap, friendly, and fancy sources," *International Journal
of Social Research*, vol. XX, no. YY, pp. ZZ-ZZ, 2022. [HTML]

152.F. Ursini, J. Ciaffi, L. Mancarella, L. Lisi, V. Brusi, et al., "Fibromyalgia:
a new facet of the post-COVID-19 syndrome spectrum? Results from a
web-based survey," RMD Open, vol. 7, no. 1, 2021. bmj.com

153.X. Yang, C. C. Baskin, J. M. Baskin, R. J. Pakeman, "Global patterns of
potential future plant diversity hidden in soil seed banks," *Nature*, vol.
2021. nature.com

154.H. Li, Y. Jiao, K. Davey, and S. Z. Qiao, "Data-driven machine learning
for understanding surface structures of heterogeneous catalysts,"”
*Chemie International Edition*, 2023. wiley.com

155.G. FENG, J. PENG, D. TU, J. Z. ZHENG et al., "Two Paradoxes in Linear
Regression Analysis,” 2016. ncbi.nlm.nih.gov

156.D. C. Montgomery, E. A. Peck, and G. G. Vining, "Introduction to linear
regression analysis,” 2021. sut.ac.th

157.S. W. Lee, "Regression analysis for continuous independent variables in
medical research: statistical standard and guideline of Life Cycle
Committee," Life cycle, 2022. elifecycle.org

158.P. K. Ozili, "The acceptable R-square in empirical modelling for social
science research," in *Social research methodology and publishing
results: A ...*, 2023. uni-muenchen.de

159.J. J. Zhu, M. Yang, and Z. J. Ren, "Machine learning in environmental
research: common pitfalls and best practices," Environmental Science &
Technology, 2023. google.com

160.1. H. Sarker, "Data science and analytics: an overview from data-driven
smart computing, decision-making and applications perspective," SN
Computer Science, 2021. springer.com

161.W. T. Wu, Y. J. Li, A. Z. Feng, L. Li, T. Huang, A. D. Xu, et al., "Data
mining in clinical big data: the frequently used databases, steps, and

Page | 83


https://www.pnas.org/doi/pdf/10.1073/pnas.2111312119
https://www.tandfonline.com/doi/abs/10.1080/09546634.2020.1853024
https://www.tandfonline.com/doi/abs/10.1080/13645579.2021.1961187
https://rmdopen.bmj.com/content/rmdopen/7/3/e001735.full.pdf
https://www.nature.com/articles/s41467-021-27379-1.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/anie.202216383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5434296/
http://sutlib2.sut.ac.th/sut_contents/H133678.pdf
https://www.elifecycle.org/archive/view_article?pid=lc-2-0-3
https://mpra.ub.uni-muenchen.de/116496/1/MPRA_paper_116496.pdf
https://drive.google.com/file/d/1xH8KHLfrPFLaIUUEOCPdX3Bn9bLP42y4/view
https://link.springer.com/content/pdf/10.1007/s42979-021-00765-8.pdf

methodological models,” *Medical Research*, vol. 2021, Springer.
springer.com

162.V. R. Joseph, "Optimal ratio for data splitting,” in *Analysis and Data
Mining: The ASA Data Science*, Wiley Online Library, 2022. wiley.com

163.P. Biecek and T. Burzykowski, "Explanatory model analysis: explore,
explain, and examine predictive models," 2021. [HTML]

164.S. G. Schreiber, S. Schreiber, R. N. Tanna, and others, "Statistical tools
for water quality assessment and monitoring in river ecosystems—a
scoping review and recommendations for data analysis," Water Quality,
vol. 2022, 2022. iwaponline.com

165.M. M. Inuwa and R. Das, "A comparative analysis of various machine
learning methods for anomaly detection in cyber attacks on loT
networks," Internet of Things, 2024. [HTML]

166.R. Valavi, G. Guillera-Arroita, et al., "Predictive performance of
presence-only species distribution models: a benchmark study with
reproducible code,” *Ecological Applications*, vol. 32, no. 2, 2022.
wiley.com

167.S. Vaithilingam, C. S. Ong, O. I. Moisescu, "Robustness checks in PLS-
SEM: A review of recent practices and recommendations for future
applications in business research,” Journal of Business, vol. 2024,
Elsevier. [HTML]

168.A. M. Isvoranu and S. Epskamp, "Which estimation method to choose in
network psychometrics? Deriving guidelines for applied researchers.,"
Psychological methods, 2023. osf.io

169.M. Harrer, P. Cuijpers, T. Furukawa, and D. Ebert, "Doing meta-analysis
with R: A hands-on guide," 2021. jstatsoft.org

170.B. R. Joubert and M. A. Kioumourtzoglou, "Powering research through
innovative methods for mixtures in epidemiology (PRIME) program:
novel and expanded statistical methods," *International Journal of ...*,
2022. mdpi.com

171.S. Aigrain and D. Foreman-Mackey, "Gaussian process regression for
astronomical time series,"” Annual Review of Astronomy, vol. 2023.
annualreviews.org

172.Q. Ma, "Recent applications and perspectives of logistic regression
modelling in healthcare,” Theoretical and Natural Science, 2024.
ewadirect.com

Page | 84


https://link.springer.com/content/pdf/10.1186/s40779-021-00338-z.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/sam.11583
https://www.taylorfrancis.com/books/mono/10.1201/9780429027192/explanatory-model-analysis-przemyslaw-biecek-tomasz-burzykowski
https://iwaponline.com/wqrj/article-pdf/57/1/40/1018131/wqrjc0570040.pdf
https://www.sciencedirect.com/science/article/pii/S2542660524001033
https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecm.1486
https://www.sciencedirect.com/science/article/pii/S014829632300824X
https://osf.io/preprints/psyarxiv/mbycn/download
https://www.jstatsoft.org/article/view/v102b02/4305
https://www.mdpi.com/1660-4601/19/3/1378
https://www.annualreviews.org/content/journals/10.1146/annurev-astro-052920-103508?crawler=true&mimetype=application/pdf
https://www.ewadirect.com/proceedings/tns/article/view/14233

173.N. A. Schuster, J. J. M. Rijnhart, J. W. R. Twisk, "Modeling non-linear
relationships in epidemiological data: the application and interpretation
of spline models," *Frontiers in Epidemiology*, 2022. frontiersin.org

174.T. K. M. Cudjoe, L. Pritchett, S. L. Szanton, et al., "Social isolation,
homebound status, and race among older adults: Findings from the
National Health and Aging Trends Study (2011-2019)," *Journal of
the...*, 2022. wiley.com

175.N. Zhang, Y. Wang, W. Li, Y. Wang, H. Zhang, and D. Xu, "Association
between serum vitamin D level and cardiovascular disease in Chinese
patients with type 2 diabetes mellitus: a cross-sectional study," *Scientific
Reports*, 2025. nature.com

176.A. Pradhan, S. Prabhu, K. Chadaga, S. Sengupta et al., "Supervised
learning models for the preliminary detection of COVID-19 in patients
using demographic and epidemiological parameters,” Information, 2022.
mdpi.com

177.L. Yu, W. Liu, X. Wang, Z. Ye, Q. Tan, W. Qiu, and X. Nie, "A review
of practical statistical methods used in epidemiological studies to estimate
the health effects of multi-pollutant mixture," *Environmental*, vol.
2022, Elsevier. [HTML]

178.G. M. Power, E. Sanderson, P. Pagoni, A. Fraser, et al., "Methodological
approaches, challenges, and opportunities in the application of Mendelian
randomisation to lifecourse epidemiology: A systematic literature
review," *Journal of Epidemiology*, 2024. springer.com

179.S. Maio, S. Fasola, A. Marcon, A. Angino, S. Baldacci, and others,
"Relationship of long-term air pollution exposure with asthma and rhinitis
in Italy: an innovative multipollutant approach," *Research*, vol. 2023,
Elsevier. sciencedirect.com

180.R. R. Baiduc, J. W. Sun, C. M. Berry, M. Anderson, et al., "Relationship
of cardiovascular disease risk and hearing loss in a clinical population,”
*Scientific Reports*, 2023. nature.com

181.C. Gnardellis, V. Notara, M. Papadakaki, V. Gialamas et al.,
"Overestimation of Relative Risk and Prevalence Ratio: Misuse of
Logistic Modeling," 2022. nchi.nlm.nih.gov

182.D. B. Wilson, "The relative incident rate ratio effect size for count-based
impact evaluations: When an odds ratio is not an odds ratio," Journal of
Quantitative Criminology, 2022. [HTML]

Page | 85


https://www.frontiersin.org/journals/epidemiology/articles/10.3389/fepid.2022.975380/pdf
https://agsjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/jgs.17795
https://www.nature.com/articles/s41598-025-90785-8.pdf
https://www.mdpi.com/2078-2489/13/7/330
https://www.sciencedirect.com/science/article/pii/S026974912200570X
https://link.springer.com/content/pdf/10.1007/s10654-023-01032-1.pdf
https://www.sciencedirect.com/science/article/pii/S0013935123002475
https://www.nature.com/articles/s41598-023-28599-9.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9689401/
https://link.springer.com/article/10.1007/s10940-021-09494-w

183.K. Jansen and H. Holling, "Random-effects meta-analysis models for the
odds ratio in the case of rare events under different data-generating
models: A simulation study," Biometrical Journal, 2023. wiley.com

184.L. Bouaoun, G. Byrnes, S. Lagorio, M. Feychting, and others, "Effects of
recall and selection biases on modeling cancer risk from mobile phone
use: Results from a case—control simulation study,” 2024. lww.com

185.Y. S. Chao, C. J. Wu, J. Y. Po, S. Y. Huang, H. C. Wu, and H. T. Hsu,
"The upper limits of risk ratios and recommendations for reporting risk
ratios, odds ratios, and rate ratios," Cureus, 2023. cureus.com

186.P. Premsagar, C. Aldous, T. M. Esterhuizen, "Comparing conventional
statistical models and machine learning in a small cohort of South African
cardiac patients," Informatics in Medicine Unlocked, vol. 2022, Elsevier.
sciencedirect.com

187.G. Bischof, A. Bischof, R. Velleman, J. Orford, and others, "Prevalence
and self-rated health and depression of family members affected by
addictive disorders: results of a nation-wide cross-sectional study,"” 2022.
wiley.com

188.S. Gallus, M. Scala, 1. Possenti, et al., "The role of smoking in COVID-
19 progression: a comprehensive meta-analysis," *European Respiratory
Journal*, 2023. ersnet.org

189.A. Garcia-Tornel, D. Campos, M. Rubiera, S. Boned, "Ischemic core
overestimation on computed tomography perfusion," *Stroke*, vol. 52,
no. 10, pp. 3456-3463, 2021. ahajournals.org

190.P. Kindalova, M. Veldsman, T. E. Nichols, and I. Kosmidis, "Penalized
generalized estimating equations for relative risk regression with
applications to brain lesion data," bioRxiv, 2021. biorxiv.org

191.S. Kikuchi, Y. Obata, T. Sasakabe, S. Kawai, C. Wang, et al., "Relative
risk of gastric cancer between those with and without Helicobacter pylori
infection history in Japan,” *JGH*, vol. 2022, Wiley Online Library.
wiley.com

192.G. B. Mekonnen, B. T. Legesse, F. D. Baye, and W. T. Wondie,
"Incidence of tuberculosis and its predictors among children on
antiretroviral therapy in Amhara Region, Ethiopia: a multicentre
institution-based retrospective follow-up ...," BMJ open, 2025. bmj.com

193.M. M. Imran and A. Ciborowska, "Automatically selecting follow-up
questions for deficient bug reports,” in 2021 IEEE/ACM 18th

Page | 86


https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/bimj.202200132
https://journals.lww.com/epidem/fulltext/2024/07000/effects_of_recall_and_selection_biases_on_modeling.3.aspx
https://www.cureus.com/articles/142078-the-upper-limits-of-risk-ratios-and-recommendations-for-reporting-risk-ratios-odds-ratios-and-rate-ratios.pdf
https://www.sciencedirect.com/science/article/pii/S2352914822002404
https://onlinelibrary.wiley.com/doi/pdf/10.1111/add.15960
https://publications.ersnet.org/content/errev/32/167/220191?ctkey=shareline&utm_medium=shareline&utm_source=0191-2022&utm_campaign=shareline
https://www.ahajournals.org/doi/pdf/10.1161/STROKEAHA.120.031800
https://www.biorxiv.org/content/10.1101/2021.11.01.466751.full.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jgh3.12714
https://bmjopen.bmj.com/content/bmjopen/15/2/e093808.full.pdf

International Conference on Mining Software Repositories (MSR), 2021.
mst.edu

194.S. Mirzaei, J. M. Martinez, S. Izumi, M. Mori, "Statistical analysis of self-
reported health conditions in cohort studies: handling of missing onset
age," Journal of Clinical ..., vol. XX, no. YY, pp. ZZ-ZZ, 2024. nih.gov

195.A. Garcia, V. Balasubramanian, J. Lee, "Lessons learned in the apple
heart study and implications for the data management of future digital
clinical trials," *Journal of ...*, 2022. tandfonline.com

196.J. Segura-Buisan, C. Leyrat, and M. Gomes, "Addressing missing data in
the estimation of time-varying treatments in comparative effectiveness
research," Statistics in medicine, 2023. wiley.com

197.T. G. Clark, M. J. Bradburn, S. B. Love, and D. G. Altman, "Survival
analysis part I: basic concepts and first analyses.," 2003. [PDF]

198.U. Knief and W. Forstmeier, "Violating the normality assumption may be
the lesser of two evils," Behavior research methods, 2021. springer.com

199.0. Rainio, J. Teuho, and R. Klén, "Evaluation metrics and statistical tests
for machine learning," Scientific Reports, 2024. nature.com

200.R. A. R. A. Mouha, "Internet of things (IoT)," Journal of Data Analysis
and Information Processing, 2021. scirp.org

201.W. H. Wong and E. Chapman, "Student satisfaction and interaction in
higher education,” Higher education, 2023. springer.com

202.R. Ye, B. Budiyanto, and K. Khuzaini, "Impact of Viral Marketing and
Gimmick Marketing on Transformation of Customer Behavior Mediated
by Influencer Marketing," International Journal of ..., 2025.
academia.edu

203.T. N. Hai, Q. N. Van, and M. N. Thi Tuyet, "Digital transformation:
Opportunities and challenges for leaders in the emerging countries in
response to COVID-19 pandemic,” Emerging Science Journal, 2021.
academia.edu

204.T. Muzari and G. N. Shava, "Qualitative research paradigm, a key
research design for educational researchers, processes and procedures: A
theoretical overview," Indiana Journal of ..., vol. 2022, pp. 1-10, 2022.
indianapublications.com

205.S. A. Mazhar, R. Anjum, A. I. Anwar, "Methods of data collection: A
fundamental tool of research,” Journal of Integrated ..., vol. 2021.
researchgate.net

Page | 87


https://scholarsmine.mst.edu/cgi/viewcontent.cgi?article=2749&context=comsci_facwork
https://pmc.ncbi.nlm.nih.gov/articles/PMC11416898/
https://www.tandfonline.com/doi/pdf/10.1080/10543406.2022.2080698
https://onlinelibrary.wiley.com/doi/pdf/10.1002/sim.9899
https://core.ac.uk/download/13096639.pdf
https://link.springer.com/content/pdf/10.3758/s13428-021-01587-5.pdf
https://www.nature.com/articles/s41598-024-56706-x.pdf
https://www.scirp.org/html/3-2870386_108574.htm
https://link.springer.com/content/pdf/10.1007/s10734-022-00874-0.pdf
https://www.academia.edu/download/121258365/2025_2_1_IJEMA_Yoesoep_Edhie_Rachmad_Prof_YOES_Jurnal_IJEMA_Vol_2_No_1_2025.pdf
https://www.academia.edu/download/98231719/pdf.pdf
https://indianapublications.com/articles/IJHSS_3(1)_14-20_61f38990115064.95135470.pdf
https://www.researchgate.net/profile/Syeda-Ayeman-Mazhar/publication/356269289_Methods_of_Data_Collection_A_Fundamental_Tool_of_Research/links/61fe7e23870587329e943cd1/Methods-of-Data-Collection-A-Fundamental-Tool-of-Research.pdf

206.P. Cash, O. Isaksson, A. Maier, and J. Summers, "Sampling in design
research: Eight key considerations,” Design studies, 2022.
sciencedirect.com

207.L. Annaratone, G. De Palma, G. Bonizzi, and A. Sapino, "Basic principles
of biobanking: from biological samples to precision medicine for
patients," *Virchows Archiv*, vol. 478, no. 3, pp. 309-319, 2021.
springer.com

208.A. D. Arndt, J. B. Ford, B. J. Babin, and V. Luong, "Collecting samples
from online services: How to use screeners to improve data quality,"”
*International Journal of Research in ...*, 2022. sciencedirect.com

209.M. Dave and N. Patel, "Artificial intelligence in healthcare and
education," British dental journal, 2023. nature.com

210.R. lliyasu and I. Etikan, "Comparison of quota sampling and stratified
random sampling,” Biom. Biostat. Int. J. Rev, 2021. academia.edu

211.M. M. Rahman, M. I. Tabash, A. Salamzadeh, and S. Abduli, "Sampling
techniques (probability) for quantitative social science researchers: a
conceptual guidelines with examples," Seeu Review, vol. 2022, pp. 1-10,
2022. sciendo.com

212.A. Omair, "Sample size estimation and sampling techniques for selecting
a representative sample,” Journal of Health specialties, 2025. thejhs.org

213.S. J. Stratton, "Population research: convenience sampling strategies,"”
Prehospital and disaster Medicine, 2021. archive.org

214.D. S. Pace, "Probability and non-probability sampling-an entry point for
undergraduate researchers,” *International Journal of Quantitative and
Quialitative Research*, vol. 2021. ssrn.com

215.TS Nanjundeswaraswamy and S Divakar, "Determination of sample size
and sampling methods in applied research,” in Proceedings on
Engineering, 2021. academia.edu

216.M. M. Rahman, "Sample size determination for survey research and non-
probability sampling techniques: A review and set of recommendations,”
Journal of Entreprencurship, Business and ..., 2023. scientificia.com

217.K. G. Reddy and M. G.M. Khan, "Optimal stratification in stratified
designs using weibull - distributed auxiliary information,” 2018. [PDF]

218.F. Nyimbili and L. Nyimbili, "Types of purposive sampling techniques
with their examples and application in qualitative research studies,"
Journal of Multidisciplinary and Advanced Studies, 2024. bjmas.org

Page | 88


https://www.sciencedirect.com/science/article/pii/S0142694X21000880
https://link.springer.com/content/pdf/10.1007/s00428-021-03151-0.pdf
https://www.sciencedirect.com/science/article/pii/S0167811621000203
https://www.nature.com/articles/s41415-023-5845-2.pdf
https://www.academia.edu/download/85176951/BBIJ-10-00326.pdf
https://sciendo.com/pdf/10.2478/seeur-2022-0023
http://www.thejhs.org/article_issn-1658-600X-year-2014-volume-2-issue-4-spage-142-epage-147-aulast-Omair.html
https://scholar.archive.org/work/l3o73olqk5heljroef5pavs2fe/access/wayback/https:/www.cambridge.org/core/services/aop-cambridge-core/content/view/B0D519269C76DB5BFFBFB84ED7031267/S1049023X21000649a.pdf/div-class-title-population-research-convenience-sampling-strategies-div.pdf
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=3851952
https://www.academia.edu/download/81544993/3.pdf
https://www.scientificia.com/index.php/JEBE/article/download/201/190
https://core.ac.uk/download/188189338.pdf
https://bjmas.org/index.php/bjmas/article/download/808/1429

219.A. Ghavidel and P. Pazos, "Machine learning (ML) techniques to predict
breast cancer in imbalanced datasets: a systematic review," Journal of
Cancer Survivorship, 2025. [HTML]

220.LJ Akinbami, TC Chen, O Davy, CL Ogden, S. Fink, "National Health
and Nutrition Examination Survey, 2017—March 2020 prepandemic file:
sample design, estimation, and analytic guidelines," 2022. cdc.gov

221.S. Raifman, M. A. DeVost, J. C. Digitale, Y. H. Chen, et al., "Respondent-
driven sampling: a sampling method for hard-to-reach populations and
beyond,” *Current Epidemiology Reports*, vol. 2022, Springer.
springer.com

222.E. F. Zipkin, E. R. Zylstra, A. D. Wright, et al., "Addressing data
integration challenges to link ecological processes across scales,"
Frontiers in Ecology, vol. 2021, Wiley Online Library, 2021. wiley.com

223.X. Yin, Q. Liu, Y. Pan, X. Huang, J. Wu, and X. Wang, "Strength of
stacking technique of ensemble learning in rockburst prediction with
imbalanced data: Comparison of eight single and ensemble models,"
*Resources Research*, vol. 2021, Springer. researchgate.net

224.S. Prusty, S. Patnaik, and S. K. Dash, "SKCV: Stratified K-fold cross-
validation on ML classifiers for predicting cervical cancer,” Frontiers in
Nanotechnology, 2022. frontiersin.org

225.K. Bochkay, S. V. Brown, A. J. Leone, "Textual analysis in accounting:
What's next?" *Accounting Research*, vol. 2023, Wiley Online Library.
wiley.com

226.A. Habineza, R. Odhiambo Otieno, G. Otieno Orwa, and N. Makumi, "On
bootstrap based variance estimation under fine stratification," 2024.
ncbi.nlm.nih.gov

227.K. Batko and A. Slezak, "The use of Big Data Analytics in healthcare,"
Journal of big Data, 2022. springer.com

228.M. Wang, S. Li, T. Zheng, N. Li, Q. Shi, "Big data health care platform
with multisource heterogeneous data integration and massive high-
dimensional data governance for large hospitals: design ...", JMIR
Medical Informatics, vol. 2022. jmir.org

229.K. S. Adewole, E. Alozie, H. Olagunju, N. Faruk, R. Y. Aliyu, "A
systematic review and meta-data analysis of clinical data repositories in
Africa and beyond: recent development, challenges, and future
directions,” Discover Data, vol. 2024, Springer. springer.com

Page | 89


https://link.springer.com/article/10.1007/s11764-023-01465-3
https://stacks.cdc.gov/view/cdc/115434/cdc_115434_DS1.pdf
https://link.springer.com/content/pdf/10.1007/s40471-022-00287-8.pdf
https://esajournals.onlinelibrary.wiley.com/doi/pdfdirect/10.1002/fee.2290
https://www.researchgate.net/profile/Xin-Yin-15/publication/348163446_Strength_of_Stacking_Technique_of_Ensemble_Learning_in_Rockburst_Prediction_with_Imbalanced_Data_Comparison_of_Eight_Single_and_Ensemble_Models/links/5ffd930c92851c13fe070ce8/Strength-of-Stacking-Technique-of-Ensemble-Learning-in-Rockburst-Prediction-with-Imbalanced-Data-Comparison-of-Eight-Single-and-Ensemble-Models.pdf
https://www.frontiersin.org/articles/10.3389/fnano.2022.972421/pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1911-3846.12825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11175490/
https://link.springer.com/content/pdf/10.1186/s40537-021-00553-4.pdf
https://medinform.jmir.org/2022/4/e36481/
https://link.springer.com/content/pdf/10.1007/s44248-024-00012-4.pdf

230.M. Au-Yong-Oliveira, A. Pesqueira, and M. J. Sousa, "The potential of
big data research in healthcare for medical doctors' learning," Journal of
Medical ..., vol. 2021, Springer. springer.com

231.X. Y. Tang, X. X. Yan, X. Wei, Q. L. Qin, Y. D. Lin, and A. Geater, "...,
completeness, and timeliness-and-completeness of serial routine
vaccinations among rural children in Southwest China: A multi-stage
stratified cluster sampling ...," Vaccine, vol. 39, no. 4, pp. 672-679, 2021.
[HTML]

232.K. G. Narayan, D. K. Sinha, and D. K. Singh, "Sampling techniques,"
Veterinary Public Health & ..., vol. 2023, Springer, 2023. [HTML]

233.0. P. Giri, "Choosing Sampling Techniques and Calculating Sample
Size," Indonesian Journal of Teaching in Science, 2024. researchgate.net

234.M. Ashraf, "New and Efficient Generalized Class of Estimators for
Population Mean using Two-stage Sampling in the Presence of Non-
response,” 2024. cuilahore.edu.pk

235.P. Aubry, G. Quaintenne, J. Dupuy, and C. Francesiaz, "On using
stratified two-stage sampling for large-scale multispecies surveys,"
Ecological..., vol. 2023, Elsevier. hal.science

236.J. P. Wirth, N. Petry, V. M. Friesen, "Comparison of the costs and data
outputs of conventional cluster sampling and lot quality assurance

sampling (LQAS) for assessing the coverage of fortified foods in ...,
African Journal of ..., 2022. umn.edu

237.M. J. Williams, "Sampling and the curse of the case study,” 2021.
ssrn.com

238.G. Aga, D. C. Francis, F. Jolevski, "An application of adaptive cluster
sampling to surveying informal businesses," *Journal of Survey*, 2023.
[HTML]

239.M. Y. Shah, "Some New Aspects of Post Stratification in Sample
Surveys," 2024. egranth.ac.in

240.P. B. Pawar, R. Verma, C. O. Daniel, and L. Sayyad, "Foundation of
Research Methodology: A Comprehensive Guide," 2023. [HTML]

241.K. Wilson and J. Wakefield, "Estimation of Health and Demographic
Indicators with Incomplete Geographic Information," 2020. [PDF]

242.S. 1. Watson, "Efficient design of geographically-defined clusters with
spatial autocorrelation," 2020. [PDF]

Page | 90


https://link.springer.com/content/pdf/10.1007/s10916-020-01691-7.pdf
https://www.sciencedirect.com/science/article/pii/S0264410X21005077
https://link.springer.com/chapter/10.1007/978-981-19-7800-5_12
https://www.researchgate.net/profile/Om-Giri-3/publication/388355526_Choosing_Sampling_Techniques_and_Calculating_Sample_Size/links/6793c1e18311ce680c326379/Choosing-Sampling-Techniques-and-Calculating-Sample-Size.pdf
http://repository.cuilahore.edu.pk/xmlui/bitstream/handle/123456789/4250/Maria%20Ashraf%20final%20thesis.pdf?sequence=2
https://ofb.hal.science/hal-04258681/document
https://ageconsearch.umn.edu/record/334113/files/Wirth21005.pdf
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=4730897
https://academic.oup.com/jssam/article-abstract/11/5/1246/7008316
https://krishikosh.egranth.ac.in/server/api/core/bitstreams/91e784a1-d632-4410-be5b-f38e3a94f438/content
https://books.google.com/books?hl=en&lr=&id=WbfxEAAAQBAJ&oi=fnd&pg=PT3&dq=Multi-stage+cluster+sampling+is+a+cost-effective+alternative+to+simple+random+sampling.&ots=5a93X1SYBX&sig=heqGCK2-BqguPVNz-_Rd5U44log
https://arxiv.org/pdf/2009.08543
https://arxiv.org/pdf/2010.11850

243.F. Li, J. P. Hughes, K. Hemming, et al., "Mixed-effects models for the
design and analysis of stepped wedge cluster randomized trials: an
overview," *Medical Research*, vol. 2021. sagepub.com

244.). F. Mosha, M. A. Kulkarni, E. Lukole, N. S. Matowo, C. Pitt,
"Effectiveness and cost-effectiveness against malaria of three types of
dual-active-ingredient long-lasting insecticidal nets (LLINS) compared
with pyrethroid ...," The Lancet, 2022. thelancet.com

245.S. B. Pinto, T. I. S. Riback, G. Sylvestre, G. Costa, "... of Wolbachia-
infected mosquito deployments in reducing the incidence of dengue and
other Aedes-borne diseases in Niter6i, Brazil: A quasi-experimental
study,” PLoS Neglected Tropical Diseases, vol. 15, no. 3, 2021. plos.org

246.S. H. Cheon, J. Reeve, H. W. Marsh, and H. R. Jang, "Cluster randomized
control trial to reduce peer victimization: An autonomy-supportive
teaching intervention changes the classroom ethos to support defending
...," American Psychologist, 2023. selfdeterminationtheory.org

247.K. Skivington, L. Matthews, S. A. Simpson, P. Craig, J. Baird, et al., "A
new framework for developing and evaluating complex interventions:
update of Medical Research Council guidance,” *BMJ*, vol. 2021.
bmj.com

248.J. Abaluck, L. H. Kwong, A. Styczynski, A. Haque, M. A. Kabir, et al.,
"Impact of community masking on COVID-19: a cluster-randomized trial
in Bangladesh," *Science*, 2022. science.org

249.S. L. Falon, E. Karin, D. Boga, D. F. Gucciardi, "A clustered-randomized
controlled trial of a self-reflection resilience-strengthening intervention
and novel mediators," *Journal of Occupational Health*, vol. 2021.
researchgate.net

250.F. Qadri, F. Khanam, X. Liu, K. Theiss-Nyland, P. K. Biswas, et al.,
"Protection by vaccination of children against typhoid fever with a Vi-
tetanus toxoid conjugate vaccine in urban Bangladesh: a cluster-
randomised trial," *The Lancet*, vol. 397, no. 10276, pp. 1398-1406,
2021. thelancet.com

251.A. Mazeas, M. Duclos, B. Pereira, and A. Chalabaev, "Evaluating the
effectiveness of gamification on physical activity: systematic review and
meta-analysis of randomized controlled trials,” *Journal of Medical
Internet Research*, vol. 2022. jmir.org

252.G. Feng, G. Qin, T. Zhang, Z. Chen, "Common statistical methods and

Page | 91


https://journals.sagepub.com/doi/pdf/10.1177/0962280220932962
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)02499-5/fulltext?rss=yes&sf163018506=1
https://journals.plos.org/plosntds/article/file?id=10.1371/journal.pntd.0009556&type=printable
https://selfdeterminationtheory.org/wp-content/uploads/2023/02/2023_CheonReeveMarshJang_Cluster.pdf
https://www.bmj.com/content/bmj/374/bmj.n2061.full.pdf?trk=public_post_comment-text
https://www.science.org/doi/pdf/10.1126/science.abi9069
https://www.researchgate.net/profile/Monique-Crane/publication/344970419_A_clustered-randomized_controlled_trial_of_a_self-reflection_resilience-strengthening_intervention_and_novel_mediators/links/5f9b81be458515b7cfa9576e/A-Clustered-Randomized-Controlled-Trial-of-a-Self-Reflection-Resilience-Strengthening-Intervention-and-Novel-Mediators.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(21)01124-7.pdf
https://www.jmir.org/2022/1/e26779/

reporting of results in medical research," *Cardiovascular...*, 2022.
scienceopen.com

253.J. Q. Fang, "Statistical methods for biomedical research,” 2021. [HTML]

254.M. M. Kebalepile and P. M. Chakane, "Commonly used statistical tests
and their application,” Southern African Journal of Anaesthesia, vol.
2022. sajaa.co.za

255.0. Menyhart, B. Weltz, and B. Gydrfty, "MultipleTesting. com: A tool
for life science researchers for multiple hypothesis testing correction,"
PloS one, 2021. plos.org

256.V. S Binu, S. S. Mayya, and M. Dhar, "Some basic aspects of statistical
methods and sample size determination in health science research," 2014.
ncbi.nlm.nih.gov

257.D. Lakens, "Sample size justification," Collabra: psychology, 2022. tue.nl

258.S. A. Mthuli, F. Ruffin, and N. Singh, "'Define, Explain, Justify, Apply'
(DEJA): An analytic tool for guiding qualitative research sample size,"
Journal of Social Research, vol. 2022, Taylor & Francis. researchgate.net

259.L. J. Jobst, M. Bader, and M. Moshagen, "A tutorial on assessing
statistical power and determining sample size for structural equation
models.," Psychological Methods, 2023. researchgate.net

260.1. Karunarathna and P. Gunasena, "The crucial role of data collection in
research: Techniques, challenges, and best practices,” *Clinical
Research*, 2024. researchgate.net

261.1. Ahmed and S. Ishtiag, "Reliability and validity: importance in medical
research,” Methods, 2021. researchgate.net

262.C. E. Haupt and M. Marks, "Al-generated medical advice-GPT and
beyond," Jama, 2023. [HTML]

263.M. Van der Schaar, A. M. Alaa, A. Floto, A. Gimson, et al., "How
artificial intelligence and machine learning can help healthcare systems
respond to COVID-19," Machine Learning, vol. 110, no. 1, pp. 1-20,
2021. springer.com

264.P. Rajpurkar, E. Chen, O. Banerjee, and E. J. Topol, "Al in health and
medicine," Nature medicine, 2022. google.com

265.A. Flanagin, T. Frey, S. L. Christiansen, et al., "Updated guidance on the
reporting of race and ethnicity in medical and science journals,”
*JAMA*, vol. 326, no. 1, pp. 62-73, 2021. jamanetwork.com

Page | 92


https://www.scienceopen.com/document_file/98130c95-8601-4ff9-9f9d-471fbc3bedbc/ScienceOpen/CVIA.2022.0001.pdf
https://books.google.com/books?hl=en&lr=&id=CX8xEAAAQBAJ&oi=fnd&pg=PR5&dq=Numerous+statistical+methods+and+tests+are+widely+employed+in+medical+research.&ots=XJoorDbZDk&sig=KPkB7-gMilK1Fs6adGIalC0xCR0
https://www.sajaa.co.za/index.php/sajaa/article/download/2916/3193
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0245824&type=printable
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4279315/
https://research.tue.nl/files/214011492/collabra_2022_8_1_33267.pdf
https://www.researchgate.net/profile/Fayth-Ruffin/publication/352747790_'Define_Explain_Justify_Apply'_DEJA_An_analytic_tool_for_guiding_qualitative_research_sample_size/links/63d8169762d2a24f92debf46/Define-Explain-Justify-Apply-DEJA-An-analytic-tool-for-guiding-qualitative-research-sample-size.pdf
https://www.researchgate.net/profile/Lisa-Jobst-2/publication/352258916_A_Tutorial_on_Assessing_Statistical_Power_and_Determining_Sample_Size_for_Structural_Equation_Models/links/6196b00d61f0987720afae72/A-Tutorial-on-Assessing-Statistical-Power-and-Determining-Sample-Size-for-Structural-Equation-Models.pdf
https://www.researchgate.net/profile/Indunil-Karunarathna/publication/383155720_The_Crucial_Role_of_Data_Collection_in_Research_Techniques_Challenges_and_Best_Practices/links/66bef1c6311cbb09493d6200/The-Crucial-Role-of-Data-Collection-in-Research-Techniques-Challenges-and-Best-Practices.pdf
https://www.researchgate.net/profile/Ishtiaq-Ahmed-15/publication/355145425_Reliability_and_validity_Importance_in_Medical_Research/links/61600df90bf51d48175251ee/Reliability-and-validity-Importance-in-Medical-Research.pdf
https://jamanetwork.com/journals/jama/article-abstract/2803077
https://link.springer.com/content/pdf/10.1007/s10994-020-05928-x.pdf
https://drive.google.com/file/d/1TURwlztbv5B1Zg0DbE4bHO_tJNfh4GHc/view
https://jamanetwork.com/journals/jama/articlepdf/2783090/jama_flanagin_2021_ed_210061_1628523987.58592.pdf

266.D. C. Ferreira, I. Vieira, M. . Pedro, P. Caldas et al., "Patient satisfaction
with healthcare services and the techniques used for its assessment: a
systematic literature review and a bibliometric analysis,” Healthcare,
2023. mdpi.com

267.N. C. Coombs, W. E. Meriwether, J. Caringi, et al., "Barriers to healthcare
access among US adults with mental health challenges: A population-
based study," *Population Health*, vol. 2021, Elsevier. sciencedirect.com

268.J. R. Curtis, S. R. Johnson, D. D. Anthony, et al., "American College of
Rheumatology guidance for COVID-19 vaccination in patients with
rheumatic and musculoskeletal diseases: version 3, *Arthritis &
Rheumatology*, vol. 73, no. 7, pp. 1093-1107, 2021. wiley.com

269.M. Attaran, "Blockchain technology in healthcare: Challenges and
opportunities,” International Journal of Healthcare Management, 2022.
researchgate.net

270.L. R. Soenksen, Y. Ma, C. Zeng, L. Boussioux, and others, "Integrated
multimodal artificial intelligence framework for healthcare applications,”
NPJ Digital Health, vol. 5, no. 1, 2022. nature.com

271.L. H. Nazer, R. Zatarah, S. Waldrip, and J. X. C. Ke, "Bias in artificial
intelligence algorithms and recommendations for mitigation,” *Digital
Health*, 2023. plos.org

272.A. Husnain, S. Rasool, A. Saeed, and H. K. Hussain, "Revolutionizing
pharmaceutical research: Harnessing machine learning for a paradigm
shift in drug discovery," *International Journal of ...*, 2023. [HTML]

273.A. D. Dahlén, G. Dashi, I. Maslov, M. M. Attwood, et al., "Trends in
antidiabetic drug discovery: FDA approved drugs, new drugs in clinical
trials and global sales," *Frontiers in ...*, 2022. frontiersin.org

274.M. S. Butler, V. Gigante, H. Sati, S. Paulin, and others, "Analysis of the
clinical pipeline of treatments for drug-resistant bacterial infections:
despite progress, more action is needed," Antimicrobial Agents, vol.
2022. asm.org

275.V. Subbiah, "The next generation of evidence-based medicine," Nature
medicine, 2023. nature.com

276.L. Rong, N. Li, and Z. Zhang, "Emerging therapies for glioblastoma:
current state and future directions,” *Journal of Experimental & Clinical
Cancer Research*, vol. 41, no. 1, 2022. springer.com

277.C. S. Adamson, K. Chibale, R. J. M. Goss, et al., "Antiviral drug

Page | 93


https://www.mdpi.com/2227-9032/11/5/639/pdf
https://www.sciencedirect.com/science/article/pii/S2352827321001221
https://acrjournals.onlinelibrary.wiley.com/doi/am-pdf/10.1002/art.41877
https://www.researchgate.net/profile/Mohsen-Attaran/publication/345632338_Blockchain_technology_in_healthcare_Challenges_and_opportunities/links/5fa98a4d458515157bf74fd8/Blockchain-technology-in-healthcare-Challenges-and-opportunities.pdf
https://www.nature.com/articles/s41746-022-00689-4.pdf
https://journals.plos.org/digitalhealth/article?id=10.1371/journal.pdig.0000278&utm_source=miragenews&utm_medium=miragenews&utm_campaign=news
https://www.neliti.com/publications/591860/revolutionizing-pharmaceutical-research-harnessing-machine-learning-for-a-paradi
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.807548/pdf
https://journals.asm.org/doi/pdf/10.1128/aac.01991-21
https://www.nature.com/articles/s41591-022-02160-z.pdf
https://link.springer.com/content/pdf/10.1186/s13046-022-02349-7.pdf

discovery: preparing for the next pandemic,” Chemical Society Reviews,
vol. 50, no. 1, pp. 1-20, 2021. rsc.org

278.E. E. Patton, L. I. Zon, and D. M. Langenau, "Zebrafish disease models
in drug discovery: from preclinical modelling to clinical trials,"” Nature
reviews Drug discovery, 2021. nih.gov

279.A. Blanco-Gonzalez, A. Cabezon, A. Seco-Gonzalez, and others, "The
role of Al in drug discovery: challenges, opportunities, and strategies,"
*Pharmaceuticals*, vol. 2023. mdpi.com

280.J. Shearer, J. L. Castro, A. D. G. Lawson, et al., "Rings in clinical trials
and drugs: present and future,” *Journal of Medicinal Chemistry*, vol.
2022, no. 1, pp. 1-10, 2022. acs.org

281.M. Saaibi Meléndez, F. Botero-Rodriguez, and C. Javier Rincén
Rodriguez, "Samples in randomized clinical trials with interim analysis,"
2023. ncbi.nlm.nih.gov

282.A. Liakos, E. Pagkalidou, T. Karagiannis, "A Simple Guide to
Randomized Controlled Trials,” *Journal of Lower*, vol. 2024. [HTML]

283.C. H. Lin, W. C. Tzeng, L. C. Chiang, M. C. Lu, "... of a structured
disaster management training program on nurses' disaster readiness for
response to emergencies and disasters: a randomized controlled trial,"
Journal of Nursing, 2024. wiley.com

284.V. Nittas, M. Mitsch, T. Frey, J. Braun, "Effectiveness of a tailored web
app on sun protection intentions and its implications for skin cancer
prevention: a randomized controlled trial,” PLOS Digital Health, 2022.
plos.org

285.L.Y. Leung,J. W. H. Sit, R. Gao, etal., "... tailored low-glycaemic index
dietary educational intervention on reducing cardiometabolic risk among
Chinese adults with obesity: a randomized controlled trial," *European
Journal of ...*, 2024. [HTML]

286.G. Li, H. F. Sit, W. Chen, K. Wu, E. K. L. Sou, M. Wong, et al., "A WHO
digital intervention to address depression among young Chinese adults: a
type 1 effectiveness-implementation randomized controlled trial,"
*Translational ...*, 2024. nature.com

287.E. W. Beukes, G. Andersson, and V. Manchaiah, "Patient uptake,
experiences, and process evaluation of a randomized controlled trial of
internet-based cognitive behavioral therapy for tinnitus in the United
States,” Frontiers in medicine, 2021. frontiersin.org

Page | 94


https://pubs.rsc.org/en/content/articlepdf/2021/cs/d0cs01118e
https://pmc.ncbi.nlm.nih.gov/articles/PMC9210578/pdf/nihms-1815494.pdf
https://www.mdpi.com/1424-8247/16/6/891/pdf
https://pubs.acs.org/doi/pdf/10.1021/acs.jmedchem.2c00473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10953660/
https://journals.sagepub.com/doi/abs/10.1177/15347346241236385
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2024/5551894
https://journals.plos.org/digitalhealth/article/file?id=10.1371/journal.pdig.0000032&type=printable
https://academic.oup.com/eurjcn/article-abstract/23/7/789/7668000
https://www.nature.com/articles/s41398-024-02812-3.pdf
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2021.771646/pdf

288.K.S.J. Lao, C. S. L. Chui, K. K. C. Man, W. C. Y. Lau et al., "Medication
safety research by observational study design,” 2016. nchi.nlm.nih.gov

289.A. Markowitz, M. McCrea, G. Meyfroidt, A. Mikoli¢, "Traumatic brain
injury: progress and challenges in prevention, clinical care, and research,"
The Lancet, 2022. thelancet.com

290.A.C. Edmondson and D.P. Branshy, "Psychological safety comes of age:
Observed themes in an established literature,” Annual Review of
Organizational..., vol. 2023. annualreviews.org

291.J. A. Davis, S. L. Dawson, A. Loughman, and others, "A systematic
review of gut microbiota composition in observational studies of major
depressive disorder, bipolar disorder and schizophrenia,” *Molecular*,
vol. 2022. nature.com

292.E. Kang and H. J. Hwang, "Ethical conducts in qualitative research
methodology: Participant observation and interview process," Journal of
Research and Publication Ethics, 2021. koreascience.kr

293.A. H. Tan, S. Y. Lim, and A. E. Lang, "The microbiome—gut—brain axis
in Parkinson disease-from basic research to the clinic," Nature Reviews
Neurology, 2022. [HTML]

294.S. Woolley, A. Chawla, I. Hart, A. Smielewska, and others, "Clinical
features and management of human monkeypox: a retrospective
observational study in the UK," The Lancet Infectious Diseases, vol. XX,
no. YY, pp. ZZ-ZZ, 2022. thelancet.com

295.A. Salonen, P. D. Scanlan, A. Shkoporov, "Examining the healthy human
microbiome concept,” Nature Reviews, 2025. google.com

296.D. Hendrycks, N. Carlini, J. Schulman, "Unsolved problems in ml safety,"
arXiv preprint arxiv:2101.00027, 2021. [PDF]

297.A. E Dembe, J. S Partridge, and L. C Geist, "Statistical software
applications used in health services research: analysis of published studies
in the U.S," 2011. nchi.nlm.nih.gov

298.W. Q. Meeker, L. A. Escobar, and F. G. Pascual, "Statistical methods for
reliability data," 2021. researchgate.net

299.C. A. Mertler, R. A. Vannatta, and K. N. LaVenia, "Advanced and
multivariate statistical methods: Practical application and interpretation,"
2021. academia.edu

300.J. Zhao, Z. Li, Q. Gao, H. Zhao, S. Chen, and L. Huang, "A review of

Page | 95


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909784/
https://www.thelancet.com/pdfs/journals/laneur/PIIS1474-4422(22)00309-X.pdf
https://www.annualreviews.org/content/journals/10.1146/annurev-orgpsych-120920-055217?crawler=true&mimetype=application/pdf
https://www.nature.com/articles/s41380-022-01456-3.pdf
https://koreascience.kr/article/JAKO202130550806959.pdf
https://www.nature.com/articles/s41582-022-00681-2
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00228-6/fulltext?hidemenu=true
https://drive.google.com/file/d/15O7xJeOzQQu16CJ4eeLzUGFNC80Erk8P/view
https://arxiv.org/pdf/2109.13916
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3205033/
https://www.researchgate.net/profile/Francis-Pascual/publication/358009249_SMRD2_Preface_and_Table_of_Contents/data/61eb1d34dafcdb25fd41154c/SMRD2-TOC-Preface.pdf
https://www.academia.edu/download/84637996/DecisionTree_MertlerVannatta.pdf

statistical methods for dietary pattern analysis,” *Nutrition Journal*, vol.
21, no. 1, 2021. springer.com

301.J. K. Kim and J. Shao, "Statistical methods for handling incomplete data,"
2021. [HTML]

302.P. Borrelli, C. Alewell, P. Alvarez, J. A. A. Anache, et al., "Soil erosion
modelling: A global review and statistical analysis," *Science of the Total
Environment*, vol. 775, p. 145809, 2021. sciencedirect.com

303.S. Shakibaei, G. C. De Jong, P. Alpkodkin, "Impact of the COVID-19
pandemic on travel behavior in Istanbul: A panel data analysis,"
Sustainable Cities and Society, vol. 2021, Elsevier. nih.gov

304.S. Lei, R. Zheng, S. Zhang, S. Wang, et al., "Global patterns of breast
cancer incidence and mortality: A population-based cancer registry data
analysis from 2000 to 2020," *Cancer*, vol. 2021, Wiley Online Library.
wiley.com

305.G. Stiglic, R. Watson, and L. Cilar, "R you ready? Using the R
programme for statistical analysis and graphics,” 2019. [PDF]

306.R. Kabacoff, "R in action: data analysis and graphics with R and
Tidyverse," 2022. academia.edu

307.W. J. Braun and D. J. Murdoch, "A first course in statistical programming
with R," 2021. ethz.ch

308.R. S. Kenettand S. Zacks, "Modern industrial statistics: With applications
in R, MINITAB, and JMP," 2021. [HTML]

309.A.Z.H. Yang, C. Le Goues, R. Martins, "Large language models for test-
free fault localization," in *Proceedings of the 46th ...*, 2024. acm.org

310.A. M. Isvoranu, S. Epskamp, L. Waldorp, and D. Borsboom, "Network
psychometrics with R: A guide for behavioral and social scientists,"” 2022.
[HTML]

311.M. Simeon, M. Baumann, Q. Wang, R. Munshi, and others, "Inverting
the model of genomics data sharing with the NHGRI Genomic Data
Science Analysis, Visualization, and Informatics Lab-space,” Cell
Genomics, 2022. cell.com

312.M. A. Khder, "Web scraping or web crawling: State of art, techniques,
approaches and application,” *International Journal of Advances in Soft
Computing*, vol. XX, no. YY, pp. ZZ-ZZ, 2021. zuj.edu.jo

313.R. Vila Barios, ",C6mo hacer un analisis cuantitativo de datos de tipo
descriptivo con el paquete estadistico SPSS?," 2013. [PDF]

Page | 96


https://link.springer.com/content/pdf/10.1186/s12937-021-00692-7.pdf
https://www.taylorfrancis.com/books/mono/10.1201/9780429321740/statistical-methods-handling-incomplete-data-jun-shao-jae-kwang-kim
https://www.sciencedirect.com/science/article/pii/S004896972101562X
https://pmc.ncbi.nlm.nih.gov/articles/PMC7682431/pdf/main.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/cac2.12207
https://core.ac.uk/download/232936609.pdf
https://www.academia.edu/download/44010908/R_in_action.pdf
https://toc.library.ethz.ch/objects/pdf_uzh50/5/ubot-9781107576469_006006296.pdf
https://books.google.com/books?hl=en&lr=&id=iYEqEAAAQBAJ&oi=fnd&pg=PR17&dq=R+is+a+free+and+readily+available+programming+language+highly+effective+for+statistical+analyses.&ots=-cPtukUIOT&sig=k8LMGNb9BABqjV0flMmfAk9T9gk
https://dl.acm.org/doi/pdf/10.1145/3597503.3623342
https://books.google.com/books?hl=en&lr=&id=RmwIEQAAQBAJ&oi=fnd&pg=PP1&dq=R+is+a+free+and+readily+available+programming+language+highly+effective+for+statistical+analyses.&ots=-t6DBFTZax&sig=upXEtnUoeRkX2vBpi2yoB-zAsFU
https://www.cell.com/cell-genomics/pdfExtended/S2666-979X(21)00106-3
http://ijasca.zuj.edu.jo/PapersUploaded/2021.3.11.pdf
http://hdl.handle.net/2445/43757

314.L. Sutkowski, A. Matyja, and M. Matyja, "The Impact of dialysis duration
on multidimensional health outcomes: A cross-sectional study,” Journal
of Clinical Medicine, 2025. mdpi.com

315.R. Aradjo, L. Ramalhete, A. Viegas, "Simplifying data analysis in
biomedical research: An automated, user-friendly tool," Methods and ...,
2024. mdpi.com

316.E. Christodoulou, M. E. Dimitriadou, T. Mpali, "Navigating Burnout: The
Mediating Role of Mindfulness and the Mediterranean Lifestyle in
Fostering Job Satisfaction and Well-Being," Psychiatry, 2025. mdpi.com

317.A. Mitchell and M. Rich, "Teaching research methods and the supervision
of undergraduate projects: Seeking practical improvements to a complex
process," Journal of Business Research, 2021. academic-publishing.org

318.X. Xiong, "Critical review of quantitative and qualitative research," in
*Proceedings of the Conference on Mental Health, Education and
Human*, 2022. atlantis-press.com

319.M. A. Gandhi, S. P. Tripathy, S. S. Pawale, and others, "A narrative
review with a step-by-step guide to R software for clinicians: Navigating
medical data analysis in cancer research,” *Cancer Research*, vol. 2024.
Iww.com

320.M. Sejbuk, 1. Mironczuk-Chodakowska, and A. M. Witkowska, "Sleep
quality: a narrative review on nutrition, stimulants, and physical activity
as important factors,” Nutrients, 2022. mdpi.com

321.S. Suyato, H. Setyawan, S. E. E. Sukarti, A. A. P. Shidig, "The integration
of social values in physical education and sport to develop teenage
students' character: a systematic review," Retos, 2024. fecyt.es

322.R. L. Vancini, M. S. Andrade, R. B. Viana, et al., "Physical exercise and
COVID-19 pandemic in PubMed: Two months of dynamics and one year
of original scientific production,”" *Sports Medicine*, vol. 51, no. 1, pp.
1-10, 2021. sciencedirect.com

323.J. Szyller and 1. Bil-Lula, "Heat shock proteins in oxidative stress and
ischemia/reperfusion injury and benefits from physical exercises: a
review to the current knowledge,” Oxidative Medicine and Cellular
Longevity, 2021. wiley.com

324.S. Xu, M. Chen, T. Feng, L. Zhan et al., "Use ggbreak to effectively
utilize plotting space to deal with large datasets and outliers,"” Frontiers in
Genetics, 2021. frontiersin.org

Page | 97


https://www.mdpi.com/2077-0383/14/2/376
https://www.mdpi.com/2409-9279/7/3/36/pdf
https://www.mdpi.com/2673-5318/6/1/11
https://academic-publishing.org/index.php/ejbrm/article/download/2513/2016
https://www.atlantis-press.com/article/125975791.pdf
https://journals.lww.com/crst/_layouts/15/oaks.journals/downloadpdf.aspx?an=02201859-202407010-00014
https://www.mdpi.com/2072-6643/14/9/1912/pdf
https://recyt.fecyt.es/index.php/retos/article/download/107763/79472
https://www.sciencedirect.com/science/article/pii/S266633762100024X
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2021/6678457
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2021.774846/full?ref=https://githubhelp.com

325.S. Dawadi, S. Shrestha, and R. A. Giri, "Mixed-methods research: A
discussion on its types, challenges, and criticisms," *Journal of Practical
Studies in ...*, 2021. open.ac.uk

326.J. T. Fekete and B. Gyorfty, "MetaAnalysisOnline. com: Web-Based
Tool for the Rapid Meta-Analysis of Clinical and Epidemiological
Studies," Journal of Medical Internet Research, 2025. jmir.org

327.Y. Lu, G. Zhou, J. Ewald, Z. Pang, T. Shiri, et al., "MicrobiomeAnalyst
2.0: comprehensive statistical, functional and integrative analysis of
microbiome data,” *Nucleic Acids Research*, vol. 51, no. W1, pp. W1-
W8, 2023. oup.com

328.S. Abu-Bader and T. V. Jones, "Statistical mediation analysis using the
Sobel test and Hayes SPSS Process macro,” in *... and Qualitative
Research Methods*, 2021. ssrn.com

329.N. Khatun, "Applications of normality test in statistical analysis," Open
journal of statistics, 2021. scirp.org

330.D. Alita, A. D. Putra, and D. Darwis, "Analysis of classic assumption test
and multiple linear regression coefficient test for employee structural
office recommendation," IJCCS (Indonesian Journal of ..., vol. XX, no.
YY, pp. ZZ-ZZ, 2021. ugm.ac.id

331.F. J. Boehm and X. Zhou, "Statistical methods for Mendelian
randomization in genome-wide association studies: a review,"
Computational —and  structural  biotechnology  journal, 2022.
sciencedirect.com

332.XP Duan, BD Qin, XD lJiao, K Liu, Z Wang, "New clinical trial design in
precision medicine: discovery, development and direction," Signal
Transduction and ..., 2024. nature.com

333.V. Kandi and S. Vadakedath, "Clinical trials and clinical research: a
comprehensive review," Cureus, 2023. cureus.com

334.D. M. Fernandez and C. Giannarelli, "Immune cell profiling in
atherosclerosis: role in research and precision medicine," Nature Reviews
Cardiology, 2022. nature.com

335.R. R. Edwards, K. L. Schreiber, R. H. Dworkin, D. C. Turk, et al.,
"Optimizing and accelerating the development of precision pain
treatments for chronic pain: IMMPACT review and recommendations,"
*The Journal of Pain*, vol. 2023, Elsevier. sciencedirect.com

336.1H De Boer, CE Alpers, EU Azeloglu, UGJ Balis, et al., "Rationale and

Page | 98


https://oro.open.ac.uk/75449/1/Dawadi%2C%20Shreshta%20and%20Giri%202021.pdf
https://www.jmir.org/2025/1/e64016/
https://academic.oup.com/nar/article-pdf/51/W1/W310/50737014/gkad407.pdf
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=3799204
https://www.scirp.org/html/6-1241391_107034.htm
https://journal.ugm.ac.id/ijccs/article/download/65586/31843
https://www.sciencedirect.com/science/article/pii/S2001037022001738
https://www.nature.com/articles/s41392-024-01760-0.pdf
https://www.cureus.com/articles/128436-clinical-trials-and-clinical-research-a-comprehensive-review.pdf
https://www.nature.com/articles/s41569-021-00589-2.pdf
https://www.sciencedirect.com/science/article/pii/S1526590022004151

design of the kidney precision medicine project,” *Kidney International*,
vol. 99, no. 2, pp. 250-262, 2021. nih.gov

337.A. Althubaiti, "Sample size determination: A practical guide for health
researchers," Journal of general and family medicine, 2023. wiley.com

338.European Society of Clinical Pharmacology, "From therapeutic drug
monitoring to model-informed precision dosing for antibiotics," Clinical
.y vol. ..., pp. ..., 2021. wiley.com

339.L. Li, L. Yang, L. Yang, C. He, Y. He, L. Chen, Q. Dong, "Network
pharmacology: a bright guiding light on the way to explore the
personalized precise medication of traditional Chinese medicine,"
Chinese Medicine, vol. 18, no. 1, 2023. springer.com

340.W. H. Chen, M. C. Uribe, E. E. Kwon, and K. Y. A. Lin, "A
comprehensive review of thermoelectric generation optimization by
statistical approach: Taguchi method, analysis of variance (ANOVA), and

response surface ...," Renewable and Sustainable Energy Reviews, vol.
2022, Elsevier. [HTML]

341.Q. Liu and L. Wang, "t-Test and ANOVA for data with ceiling and/or
floor effects,” Behavior Research Methods, 2021. springer.com

342.M. Alassaf and A. M. Qamar, "Improving sentiment analysis of Arabic
Tweets by One-way ANOVA," Journal of King Saud University-
Computer and ..., vol. 34, no. 2, pp. 123-135, 2022. sciencedirect.com

343.X. Li, Z. Wang, C. Yang, and A. Bozkurt, "An advanced framework for
net electricity consumption prediction: Incorporating novel machine
learning models and optimization algorithms,” Energy, 2024. [HTML]

344.V. Pasupuleti, B. Thuraka, C. S. Kodete, and S. Malisetty, "Enhancing
supply chain agility and sustainability through machine learning:
Optimization techniques for logistics and inventory management,"”
Logistics, 2024. mdpi.com

345.M. El Khatib, H. M. Alzoubi, S. Hamidi, "Impact of using the internet of
medical things on e-healthcare performance: blockchain assist in
improving smart contract,” ClinicoEconomics, vol. 2023, Taylor &
Francis. tandfonline.com

346.H. Aliriad, S. Adi, J. G. Manullang, I. B. Endrawan, "Improvement of
motor skills and motivation to learn physical education through the use of
traditional games,” *Education Theory and Practice*, vol. 2024.
tmfv.com.ua

Page | 99


https://pmc.ncbi.nlm.nih.gov/articles/PMC8330551/pdf/nihms-1698554.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jgf2.600
https://ascpt.onlinelibrary.wiley.com/doi/pdf/10.1002/cpt.2202
https://link.springer.com/content/pdf/10.1186/s13020-023-00853-2.pdf
https://www.sciencedirect.com/science/article/pii/S1364032122007985
https://link.springer.com/content/pdf/10.3758/s13428-020-01407-2.pdf
https://www.sciencedirect.com/science/article/pii/S1319157820305176
https://www.sciencedirect.com/science/article/pii/S0360544224010326
https://www.mdpi.com/2305-6290/8/3/73
https://www.tandfonline.com/doi/pdf/10.2147/ceor.s407778
https://tmfv.com.ua/journal/article/download/2520/1673

347.M. S. Geraldi, V. M. Gnecco, A. B. Neto, "Evaluating the impact of the
shape of school reference buildings on bottom-up energy benchmarking,"
*Journal of Building™, vol. XX, no. YY, pp. ZZ-ZZ, 2021. [HTML]

348.C. Fontanari, E. S. Levrero, and D. Romaniello, "A composite index for
workers' bargaining power and the inflation rate in the United States,
1960-2018," Structural Change and Economic Dynamics, vol. XX, pp.
XX-XX, 2024. sciencedirect.com

349.S. Shah, M. Houda, S. Khan, F. Althoey, "Mechanical behaviour of E-
waste aggregate concrete using a novel machine learning algorithm: Multi
expression programming (MEP)," Journal of Materials, vol. XX, pp. YY-
ZZ,2023. sciencedirect.com

350.A. L. M. Kamal and K. Abdella, "Investigating Inflation Dynamics in
Egypt: Modelling Using VAR Analysis,” *American Arab Journal for
Business*, 2023. researchgate.net

351.L. Raimi and N. B. Bamiro, "Moderating effect of market sophistication
and political stability on the relationship between entrepreneurship and
unemployment in Nigeria's emerging market," European Business
Review, 2025. [HTML]

352.A. Hariadi and A. Soekiman, "Analysis of Factors Affecting the
Successful Implementation of Construction Safety Applications,"”
Eduvest-Journal of Universal, 2025. greenvest.co.id

353.M. J. K. Bashir, S. Abdelhak, W. A. Salah, "Exploring public perception
and willingness to pay for a renewable source of energy: evidence from
an emerging economy of renewable-energy development,” Clean Energy,
2024. oup.com

354.N. J. Kantharia and J. Biradar, "What influence the performance of banks?
Evidence from public sector banks in India," Journal of Indian Business
Research, 2023. researchgate.net

355.S. Johan, U. N. Kayani, M. A. Naeem, and S. Karim, "How effective is
the cash conversion cycle in improving firm performance? Evidence from
BRICS," Emerging Markets Review, 2024. [HTML]

356.D. Lakens, "The Practical Alternative to the p Value Is the Correctly Used
p Value," Perspectives on psychological science, 2021. sagepub.com

357.W. M. Otte, C. H. Vinkers, P. C. Habets, and others, “... of 567,758
randomized controlled trials published over 30 years reveals trends in
phrases used to discuss results that do not reach statistical significance,”
PLoS, 2022. plos.org

Page | 100


https://www.sciencedirect.com/science/article/pii/S2352710221010007
https://www.sciencedirect.com/science/article/pii/S0954349X2400064X
https://www.sciencedirect.com/science/article/pii/S2238785423015697
https://www.researchgate.net/profile/Abdelmonem-Lotfy-Mohamed-Kamal/publication/376457730_Investigating_Inflation_Dynamics_in_Egypt_Modelling_Using_VAR_Analysis/links/65798ebacbd2c535ea2153fb/Investigating-Inflation-Dynamics-in-Egypt-Modelling-Using-VAR-Analysis.pdf
https://www.emerald.com/insight/content/doi/10.1108/ebr-05-2024-0171/full/html
http://eduvest.greenvest.co.id/index.php/edv/article/download/17480/3826
https://academic.oup.com/ce/article-pdf/8/2/177/56994525/zkae016.pdf
https://www.researchgate.net/profile/Jivan-Biradar/publication/365401969_What_influence_the_performance_of_banks_Evidence_from_public_sector_banks_in_India/links/640188740d98a97717d32517/What-influence-the-performance-of-banks-Evidence-from-public-sector-banks-in-India.pdf
https://www.sciencedirect.com/science/article/pii/S1566014124000098
https://journals.sagepub.com/doi/pdf/10.1177/1745691620958012
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3001562&fbclid=IwAR1SjnaNuKdxypVkqrMVg5t7oWMCI4nQy07Hy_DgoDw6shNnO6Wn5pzejgQ

358.M. Kubsch, I. Stamer, M. Steiner, and K. Neumann, "Beyond p-Values:
Using Bayesian Data Analysis in Science Education Research,"”
Assessment, Research & Evaluation, vol. 2021. ed.gov

359.H. Shi and G. Yin, "Reconnecting p-Value and Posterior Probability
Under One- and Two-Sided Tests,” The American Statistician, 2021.
tandfonline.com

360.M. J. Barnett, S. Doroudgar, V. Khosraviani, et al., "Multiple
comparisons: To compare or not to compare, that is the question,"”
*Research in Social and Administrative Pharmacy™*, vol. XX, no. YY, pp.
77-77,2022. [HTML]

361.R. D. Wilkinson and M. R. Mazzo, "Rethinking the statistical analysis of
neuromechanical data," *Exercise and Sport*, vol. 2023. [HTML]

362.M. G. Johnston and C. Faulkner, "A bootstrap approach is a superior
statistical method for the comparison of non-normal data with differing
variances," The New Phytologist, 2021. matthew-johnston.com

363.J. J. Castrellon, S. Hakimi, J. M. Parelman, L. Yin, "Neural support for
contributions of utility and narrative processing of evidence in juror
decision making," Journal of ..., 2022. jneurosci.org

364.T. Ross-Hellauer and S. Reichmann, "Dynamics of cumulative advantage
and threats to equity in open science: a scoping review," Royal Society,
2022. royalsocietypublishing.org

365.F. Cowdell, J. Dyson, M. Sykes, R. Dam, “... and how well have older
people been engaged in healthcare intervention design, development or

delivery using co-methodologies: a scoping review with narrative ...”,
Health & Social Care, vol. 2022, Wiley Online Library. wiley.com

366.A. Olagunju, D. O. Appiah, P. M. P. S. Cavalcanti, "Cumulative effects
assessment requirements in selected developed and developing
countries,” *Journal of Cumulative Impact*, vol. 2021. brookes.ac.uk

367.E. Karger, P. D. Atanasov, and P. Tetlock, "Improving judgments of
existential risk: Better forecasts, questions, explanations, policies,” Jan.
2022. ssrn.com

368.P. R. Killeen, "Theory of reinforcement schedules,” Journal of the
Experimental Analysis of Behavior, 2023. [HTML]

369.M. Mangnus, S. B. J. Koch, K. Cai, M. G. Romaneli, et al., "Preserved
spontaneous mentalizing amid reduced intersubject variability in autism
during a movie narrative," Biological Psychiatry, vol. 2024, Elsevier.
sciencedirect.com

Page | 101


https://files.eric.ed.gov/fulltext/EJ1311132.pdf
https://www.tandfonline.com/doi/pdf/10.1080/00031305.2020.1717621
https://www.sciencedirect.com/science/article/pii/S1551741121002503
https://journals.lww.com/acsm-essr/fulltext/2023/01000/rethinking_the_statistical_analysis_of.6.aspx
https://matthew-johnston.com/publication/pdf/Johnston2020_accepted.pdf
https://www.jneurosci.org/content/jneuro/42/40/7624.full.pdf
https://royalsocietypublishing.org/doi/pdf/10.1098/rsos.211032
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/hsc.13199
https://radar.brookes.ac.uk/radar/file/ecda2c8c-6085-4875-88fe-5c3e7cbf46be/1/Cumulative%20effects%20assessment%20in%20selected%20countries%20-%202019%20-%20Olagunju%20et%20al.pdf
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=4001628
https://onlinelibrary.wiley.com/doi/abs/10.1002/jeab.880
https://www.sciencedirect.com/science/article/pii/S2451902224003069

370.K. Kimmel, M. L. Avolio, and P. J. Ferraro, "Empirical evidence of
widespread exaggeration bias and selective reporting in ecology,” Nature
ecology & evolution, 2023. [HTML]

371.N. Thakral and L. T. T6, "When are estimates independent of
measurement units?," 2023. linh.to

372.R. Biscaia, M. Yoshida, and Y. Kim, "Service quality and its effects on
consumer outcomes: a meta-analytic review in spectator sport," European
Sport Management Journal, vol. 2023, Taylor & Francis. tandfonline.com

373.M. A. Albecker, G. C. Trussell, and K. E. Lotterhos, "A novel analytical
framework to quantify co-gradient and countergradient variation,"
Ecology Letters, 2022. wiley.com

374.S. J. L. Tasker, A. Foggo, and D. T. Bilton, "Quantifying the ecological
impacts of alien aquatic macrophytes: A global meta-analysis of effects
on fish, macroinvertebrate and macrophyte assemblages,” Freshwater
Biology, 2022. wiley.com

375.A. Caronni, M. Amadei, L. Diana, G. Sangalli, "In Parkinson's disease,
dual-tasking reduces gait smoothness during the straight-walking and
turning-while-walking phases of the Timed Up and Go test,” BMC Sports
Science, vol. 2025, Springer. springer.com

376.J. S. Gewandter, M. P. McDermott, S. Evans, N. P. Katz, et al.,
"Composite outcomes for pain clinical trials: considerations for design
and interpretation,” *Pain*, vol. 162, no. 1, pp. 9-16, 2021. nih.gov

377.S. Vandekar, R. Tao, and J. Blume, "A Robust Effect Size Index," 2020.
ncbi.nlm.nih.gov

378.M. Jané, Q. Xiao, S. Yeung, and M. S. Ben-Shachar, "Guide to effect
sizes and confidence intervals," 2024. osf.io

379.S. L. Davis, A. H. Johnson, T. Lynch, and L. Gray, "Inclusion of effect
size measures and clinical relevance in research papers," *Nursing*, vol.
XX, no. YY, pp. ZZ-ZZ, 2021. nih.gov

380.T. Heckelei, S. Hiittel, M. Odening, "The p-Value Debate and Statistical
(Mal) practice-Implications for the Agricultural and Food Economics
Community," German Journal of ..., vol. 2023. econstor.eu

381.B. Hakawati, A. Mousa, and F. Draidi, "Smart energy management in
residential buildings: the impact of knowledge and behavior," Scientific
Reports, 2024. nature.com

Page | 102


https://www.nature.com/articles/s41559-023-02144-3
https://linh.to/files/papers/transformations.pdf
https://www.tandfonline.com/doi/pdf/10.1080/16184742.2021.1938630
https://onlinelibrary.wiley.com/doi/pdf/10.1111/ele.14020
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/fwb.13985
https://link.springer.com/content/pdf/10.1186/s13102-025-01068-8.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8991304/pdf/nihms-1764120.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7186256/
https://osf.io/download/87vke/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8939369/pdf/nihms-1651791.pdf
https://www.econstor.eu/bitstream/10419/305157/1/GJAE-2258-2153.pdf
https://www.nature.com/articles/s41598-024-51638-y.pdf

382.M. Tavakol, D. G. O'Brien, C. C. Sharpe, and C. Stewart, "Twelve tips to
aid interpretation of post-assessment psychometric reports,” Medical
Teacher, 2024. [HTML]

383.T. Heckelei, S. Hittel, M. Odening, and J. Rommel, "The replicability
crisis and the p-value debate—what are the consequences for the
agricultural and food economics community?," 2021. umn.edu

384.P. Ekkekakis, P. Swinton, and N. B. Tiller, "Extraordinary claims in the
literature on high-intensity interval training (HIIT): I. Bonafide scientific
revolution or a looming crisis of replication and credibility?," Sports
Medicine, 2023. [HTML]

385.C. Sutherland, D. Hare, P. J. Johnson, "Practical advice on variable
selection and reporting using Akaike information criterion," *Journal of
the Royal Society*, vol. 2023. royalsocietypublishing.org

386.P. Schober, S. M. Bossers, and L. A. Schwarte, "Statistical Significance
Versus Clinical Importance of Observed Effect Sizes: What Do P Values
and Confidence Intervals Really Represent?," 2018. ncbi.nlm.nih.gov

387.P. Schober, E. J. Mascha, and T. R. Vetter, "Statistics from A (agreement)
to Z (z score): a guide to interpreting common measures of association,
agreement, diagnostic accuracy, effect size, heterogeneity, and ...,"
Anesthesia & Analgesia, 2021. researchgate.net

388.T. D. Tibbe and A. K. Montoya, "Correcting the bias correction for the
bootstrap confidence interval in mediation analysis,” Frontiers in
Psychology, 2022. frontiersin.org

389.S. Albahra, T. Gorbett, S. Robertson, and G. D'Aleo, "Artificial
intelligence and machine learning overview in pathology & laboratory
medicine: A general review of data preprocessing and basic supervised
...," Seminars in Diagnostic, vol. 2023, Elsevier. sciencedirect.com

390.S. J. More, V. Bampidis, et al., "Guidance on the use of the benchmark
dose approach in risk assessment,” EFSA Scientific Committee, EFSA
Journal, vol. 20, no. 10, pp. 1-40, 2022. wiley.com

391.AA Alhussan, AA Abdelhamid, SK Towfek, A Ibrahim, "Classification
of diabetes using feature selection and hybrid Al-Biruni earth radius and
dipper throated optimization,” Diagnostics, vol. 2023. mdpi.com

392.T. Ammer, A. Schitzenmeister, H. U. Prokosch, M. Rauh, et al., "refineR:
a novel algorithm for reference interval estimation from real-world data,"
*Scientific Reports*, vol. 11, no. 1, 2021. nature.com

Page | 103


https://www.tandfonline.com/doi/abs/10.1080/0142159X.2023.2241624
https://ageconsearch.umn.edu/record/316369/files/Dispap_21_2_2.pdf
https://link.springer.com/article/10.1007/s40279-023-01880-7
https://royalsocietypublishing.org/doi/pdf/10.1098/rspb.2023.1261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5811238/
https://www.researchgate.net/profile/Edward-Mascha/publication/355244275_Statistics_From_A_Agreement_to_Z_z_Score_A_Guide_to_Interpreting_Common_Measures_of_Association_Agreement_Diagnostic_Accuracy_Effect_Size_Heterogeneity_and_Reliability_in_Medical_Research/links/616cdf92b90c5126625fdee5/Statistics-From-A-Agreement-to-Z-z-Score-A-Guide-to-Interpreting-Common-Measures-of-Association-Agreement-Diagnostic-Accuracy-Effect-Size-Heterogeneity-and-Reliability-in-Medical-Research.pdf
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2022.810258/pdf
https://www.sciencedirect.com/science/article/pii/S0740257023000138
https://efsa.onlinelibrary.wiley.com/doi/pdfdirect/10.2903/j.efsa.2022.7584?download=true
https://www.mdpi.com/2075-4418/13/12/2038/pdf
https://www.nature.com/articles/s41598-021-95301-2.pdf

393.X. Zhang, N. I. Heredia, M. Balakrishnan, and A. P. Thrift, "Prevalence
and factors associated with NAFLD detected by vibration controlled
transient elastography among US adults: Results from NHANES 2017—
2018," PloS one, 2021. plos.org

394.S. Ph.D. Bassan and O. Ph.D. Harel, "The Ethics in Synthetics: Statistics
in the Service of Ethics and Law in Health-Related Research in Big Data
from Multiple Sources," 2018. [PDF]

395.A. W. Fazil, J. Kohistani, and B. Rahmani, "The Role of Statistical
Methods in Enhancing Artificial Intelligence: Techniques and
Applications," Journal of Social Science, 2024. ypidathu.or.id

396.Y. Xing, Y. Wu, D. Wang, and L. Zhang, "Mega research infrastructure
as a driver for high-quality development and innovation: Promoting
scientific cooperation and interdisciplinarity,” Project Leadership and
Society, 2025. sciencedirect.com

397.D. Miao, Y. Lv, K. Yu, L. Liu, and J. Jiang, "Research on coal mine
hidden danger analysis and risk early warning technology based on data
mining in China," Process Safety and Environmental Protection, vol. XX,
pp. YY-ZZ, 2023. [HTML]

398.K. Khushvakhtzoda, "Analysis of modern instruments for strategic
management  accounting at agricultural  enterprises,”  2022.
sciencehorizon.com.ua

399.L. N. M. A. L. Fatlawi, "The Role Of International Accounting Standard
No.(IFRS9) In The Effectiveness Of Corporate Governance," Journal of
Positive School Psychology, 2022. 184.168.115.16

400.0MK Ballout, ASM Harb, LMA Bataineh, "The Expected Effect of
Electronic Billing in Increasing the Efficiency of Tax Collection in
Jordan: (Case Study Income and Sales Tax Department),” Artificial
Intelligence (Al), 2023, Springer. researchgate.net

401.G. Kiryakova and D. Kozhuharova, "The digital competences necessary
for the successful pedagogical practice of teachers in the digital age,"
Education Sciences, 2024. mdpi.com

402.B. Liu, M. Li, J. Chen, and Z. Sun, "Projected waste and recycling
potential of China's photovoltaic industry,” Waste Management, 2025.
[HTML]

403.S. F. lkram, L. Singh, D. Kumar, and C. M. Sharma, "Prospects and
constraints in studying the biodiversity of agriculturally important

Page | 104


https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0252164&type=printable
https://core.ac.uk/download/216953716.pdf
https://journal.ypidathu.or.id/index.php/jssut/article/download/1608/1286
https://www.sciencedirect.com/science/article/pii/S2666721524000358
https://www.sciencedirect.com/science/article/pii/S0957582022011533
https://sciencehorizon.com.ua/web/uploads/journals_pdf/Scientific%20Horizons_2022_Vol.%2025,%20No.%209.pdf#page=68
http://184.168.115.16/index.php/jpsp/article/download/8465/5530
https://www.researchgate.net/profile/Jalal-Al-Kayid-2/publication/373433145_The_Role_of_Digital_Transformation_in_Juvenile_Trial/links/6737b4cfa78ba469f062b8b1/The-Role-of-Digital-Transformation-in-Juvenile-Trial.pdf#page=854
https://www.mdpi.com/2227-7102/14/5/507/pdf
https://www.sciencedirect.com/science/article/pii/S0956053X24005798

microalgae and cyanobacteria and useful statistical tools,” Biodiversity
and Conservation, 2022. [HTML]

404.A. Alshammari and S. Al-Enezi, "Role of artificial intelligence in
enhancing learning outcomes of pre-service social studies teachers,"
*Journal of Social Studies Education Research*, vol. 2024.
learntechlib.org

405.R. L Ownby, A. Acevedo, K. Goodman, J. Caballero et al., "Health
literacy predicts participant understanding of orally-presented informed
consent information," 2015. ncbi.nlm.nih.gov

406.D. Minnies, "A quantitative evaluation of the quality of informed consent
in a developing country setting,” 2005. [PDF]

407.K. S. McCarthy and D. S. McNamara, "The multidimensional knowledge
in text comprehension framework," Educational Psychologist, 2021.
ed.gov

408.N. Atox and M. Clark, "Evaluating large language models through the
lens of linguistic proficiency and world knowledge: A comparative
study," Authorea Preprints, 2024. authorea.com

409.J. Huang and O. Li, "Measuring the iq of mainstream large language
models in chinese using the wechsler adult intelligence scale," Authorea
Preprints, 2024. techrxiv.org

410.J. P. Kucklick and O. Miiller, "Tackling the accuracy-interpretability
trade-off: Interpretable deep learning models for satellite image-based
real estate appraisal,” ACM Transactions on Management Information
Systems, vol. 2023. [HTML]

411.R. Heiss, A. Nanz, and J. Matthes, "Social media information literacy:
Conceptualization and associations with information overload, news
avoidance and conspiracy mentality,” Computers in Human Behavior,
2023. sciencedirect.com

412.W. Zhao, H. Feng, Q. Liu, J. Tang, B. Wu, "Tabpedia: Towards
comprehensive visual table understanding with concept synergy,” in
*Proceedings of the Neural Information Processing Systems*, 2024.
neurips.cc

413.Z. Al-Dujaili, S. Omari, J. Pillai, and A. Al Faraj, "Assessing the accuracy
and consistency of ChatGPT in clinical pharmacy management: a
preliminary analysis with clinical pharmacy experts worldwide,"

Page | 105


https://link.springer.com/article/10.1007/s10531-022-02388-8
https://www.learntechlib.org/p/224777/article_224777.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709021/
https://core.ac.uk/download/185417700.pdf
https://files.eric.ed.gov/fulltext/ED616077.pdf
https://www.authorea.com/doi/pdf/10.22541/au.172479372.22580887
https://www.techrxiv.org/doi/pdf/10.36227/techrxiv.171778886.62839657
https://dl.acm.org/doi/abs/10.1145/3567430
https://www.sciencedirect.com/science/article/pii/S0747563223002595
https://proceedings.neurips.cc/paper_files/paper/2024/file/0d97fe65d7a1dc12a05642d9fa4cd578-Paper-Conference.pdf

Research in Social and Administrative Pharmacy, vol. 2023, Elsevier.
aub.edu.lb

414.M. G. Trotter, E. A. C. Obine, and B. T. Sharpe, "Self-regulation, stress
appraisal, and esport action performance," Frontiers in Psychology, 2023.
frontiersin.org

415.N. Feng, Y. Zhang, B. Ren, R. Dou et al., "How Industrial Internet
Platforms guide high-quality information sharing for semiconductor
manufacturing? An evolutionary game model," Computers & Industrial
Engineering, 2023. [HTML]

416.C. E. Borges, E. Kapassa, M. Touloupou, "Blockchain application in P2P
energy markets: Social and legal aspects," Connection, vol. 2022, Taylor
& Francis. tandfonline.com

417.D. Chakraborty, "Copyright Challenges in the Digital Age: Balancing
Intellectual Property Rights and Data Privacy in India's Online
Ecosystem," Available at SSRN 4647960, 2023. ssrn.com

418.C. Macrae, "Learning from the failure of autonomous and intelligent
systems: Accidents, safety, and sociotechnical sources of risk," Risk
analysis, 2022. wiley.com

419.N. Gaber, L. Bero, and T. J. Woodruff, "The devil they knew: Chemical
documents analysis of industry influence on PFAS science,” Annals of
global health, 2023. nih.gov

420.C. Lennox and J. S. Wu, "A review of China-related accounting research
in the past 25 years,"” Journal of Accounting and Economics, 2022.
sciencedirect.com

421.V. Bentotahewa, C. Hewage, and J. Williams, "The normative power of
the GDPR: A case study of data protection laws of South Asian
countries," SN Computer Science, 2022. springer.com

422.M. Toews, J. A. Chandler, T. Pope, R. Pape, et al., "Legislation and policy
recommendations on organ and tissue donation and transplantation from
an international consensus forum," *Transplantation*, vol. 2023.
Iww.com

423.K. Semyonov-Tal, "Keeping medical information safe and confidential: a
qualitative study on perceptions of Israeli physicians,” Israel Journal of
Health Policy Research, 2024. springer.com

424.AM lbrahim, HR Abdel-Aziz, HAH Mohamed, "Balancing
confidentiality and care coordination: challenges in patient privacy,"
BMC Nursing, vol. 24, 2024. springer.com

Page | 106


https://scholarworks.aub.edu.lb/bitstream/handle/10938/28295/2023-395.pdf?sequence=1
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2023.1265778/pdf
https://www.sciencedirect.com/science/article/pii/S0360835223004734
https://www.tandfonline.com/doi/pdf/10.1080/09540091.2022.2047157
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=4647960
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/risa.13850
https://pmc.ncbi.nlm.nih.gov/articles/PMC10237242/pdf/agh-89-1-4013.pdf
https://www.sciencedirect.com/science/article/pii/S0165410122000623
https://link.springer.com/content/pdf/10.1007/s42979-022-01079-z.pdf
https://journals.lww.com/transplantationdirect/fulltext/2023/05000/Legislation_and_Policy_Recommendations_on_Organ.13.aspx
https://link.springer.com/content/pdf/10.1186/s13584-024-00641-9.pdf
https://link.springer.com/content/pdf/10.1186/s12912-024-02231-1.pdf

425.K. T. Aung, "Ethical Considerations in Emergency Medical Services
(EMS): Understanding the Significance of Confidentiality-A Scoping
Review.," Asian Journal of Medicine and Health Sciences Vol, 2024.
researchgate.net

426.0. Olorunfemi, E. O. Oyegoke, and O. O. Abiodun, "Achieving a balance
between ethical and legal obligations with regard to confidentiality and
patient privacy," Amrita Journal of ..., 2024. lww.com

427.S. Roy, "Privacy prevention of health care data using Al," Journal of Data
Acquisition and Processing, 2022. researchgate.net

428.FJ) Jaime, A Mufioz, F. Rodriguez-Gémez, "Strengthening privacy and
data security in biomedical microelectromechanical systems by loT
communication security and protection in smart healthcare," Sensors,
2023. mdpi.com

429.P. K. Deshmukh, "Enhancing Confidentiality and Privacy Preservation in
e-Health to Enhanced Security,” *International Journal on Recent and
Innovation Trends in Computing and Communication*, vol. 2023.
core.ac.uk

430.N. I. K. U. Putra, T. Kuswardhani, and S. P. M. E. Purwani, "Analysis of
Patient Rights Protection through Medical Record Confidentiality and
Information Disclosure System in Indonesian Hospitals,” Journal La
Sociale, 2024. newinera.com

431.A. Indrayan, "Statistical fallacies in orthopedic research,” 2007.
ncbi.nlm.nih.gov

432.R. W. Paul, D. Lee, J. Brutico, F. P. Tjoumakaris, and others, "Reporting
and analyzing race and ethnicity in orthopaedic clinical trials: a
systematic review," *Global Research & ...*, vol. 2021. Iww.com

433.R. L. Parisien, M. Constant, B. M. Saltzman, et al., "The fragility of
statistical significance in cartilage restoration of the knee: a systematic
review of randomized controlled trials," Cartilage, vol. 12, no. 1, pp. 13-
21, 2021. sagepub.com

434.1. Kuitunen, V. T. Ponkilainen, M. M. Uimonen, "... proportional hazards
assumption in cox regression and dealing with possible non-
proportionality in total joint arthroplasty research: methodological
perspectives and ...," BMC Musculoskeletal Disorders, vol. 22, no. 1,
2021. springer.com

435.J. Olczak, J. Pavlopoulos, J. Prijs, F. F. A. ljpma, et al., "... machine

Page | 107


https://www.researchgate.net/profile/Khin-Aung-6/publication/381094304_Ethical_Considerations_in_Emergency_Medical_Services_EMS_Understanding_the_Significance_of_Confidentiality_-A_Scoping_Review/links/665bfa76479366623a380eac/Ethical-Considerations-in-Emergency-Medical-Services-EMS-Understanding-the-Significance-of-Confidentiality-A-Scoping-Review.pdf
https://journals.lww.com/amjm/fulltext/2024/20030/achieving_a_balance_between_ethical_and_legal.2.aspx
https://www.researchgate.net/profile/Soumit-Roy-3/publication/375957548_PRIVACY_PREVENTION_OF_HEALTH_CARE_DATA_USING_AI/links/6564e0b8ce88b87031197ecc/PRIVACY-PREVENTION-OF-HEALTH-CARE-DATA-USING-AI.pdf
https://www.mdpi.com/1424-8220/23/21/8944
https://core.ac.uk/download/pdf/591405142.pdf
https://www.newinera.com/index.php/JournalLaSociale/article/download/1141/1112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2981893/
https://journals.lww.com/jaaosglobal/_layouts/15/oaks.journals/downloadpdf.aspx?an=01979360-202105000-00016
https://journals.sagepub.com/doi/pdf/10.1177/19476035211012458
https://link.springer.com/content/pdf/10.1186/s12891-021-04379-2.pdf

learning studies to clinicians and healthcare stakeholders: an introductory
reference with a guideline and a Clinical Al Research (CAIR) checklist
proposal,”" Acta, vol. 2021, Taylor & Francis. tandfonline.com

436.J. A. Pruneski, A. Pareek, K. N. Kunze, R. K. Martin, et al., "Supervised
machine learning and associated algorithms: applications in orthopedic
surgery," Knee Surgery, Sports Traumatology, Arthroscopy, vol. 2023,
Springer. [HTML]

437.A. Kroélikowska, P. Reichert, J. Karlsson, "Improving the reliability of
measurements in orthopaedics and sports medicine," Knee Surgery,
Sports, vol. 2023, Springer. springer.com

438.K. E. Strage, J. A. Parry, and C. Mauffrey, "Standardizing statistics and
data reporting in orthopaedic research,” *European Journal of
Orthopaedic Research*, vol. 2021, Springer. [HTML]

439.H. Schaafsma, H. Laasanen, J. Twynstra, "A review of statistical
reporting in dietetics research (2010-2019): how is a Canadian journal
doing?" *Dietetics Practice and Research*, 2021. dcjournal.ca

440.S. A. Roth, "Launch Decision Tool for NASA High-Altitude Scientific
Balloons," 2022. [HTML]

441.J. K. Kim, N. V. Batra, K. M. Szymanski, R. Shavnore, "Evaluating the
trainee impact on robotic surgery learning curves: a CUSUM analysis of
large series pediatric robot-assisted laparoscopic pyeloplasty,” Journal of
Robotic Surgery, 2025. [HTML]

442.7. Li, Q. Wu, P. Hong, and R. Tian, "Effects of Investment Experience
on the Stock Investment Task: The Mediating Role of Risk Perception,"
Behavioral Sciences, 2023. mdpi.com

443.T. Wittig, A. Schmidt, M. Kabelitz, M. Hukauf, et al., "Safety and
efficacy of all comers treated with a paclitaxel coated balloon for below
knee intervention," *European Journal of ...*, wvol. 2022, Elsevier.
sciencedirect.com

444.C. Moncel, A. Osmont, and B. Dauvier, "Associations between the Big
Five personality traits and everyday and experimental risk taking: A
literature review in adolescence and adulthood,"” Personality and
Individual Differences, 2025. [HTML]

445.]. Danielsson and A. Uthemann, "On the use of artificial intelligence in
financial regulations and the impact on financial stability,” arXiv preprint
arXiv:2310.11293, 2023. [PDF]

Page | 108


https://www.tandfonline.com/doi/pdf/10.1080/17453674.2021.1918389
https://link.springer.com/article/10.1007/s00167-022-07181-2
https://link.springer.com/content/pdf/10.1007/s00167-023-07635-1.pdf
https://link.springer.com/article/10.1007/s00590-020-02843-8
https://dcjournal.ca/doi/pdf/10.3148/cjdpr-2021-005?download=true
https://search.proquest.com/openview/b9f36384766f513552cdd3094d3b645f/1?pq-origsite=gscholar&cbl=18750&diss=y
https://link.springer.com/article/10.1007/s11701-025-02281-w
https://www.mdpi.com/2076-328X/13/2/115/pdf
https://www.sciencedirect.com/science/article/pii/S107858842200510X
https://www.sciencedirect.com/science/article/pii/S0191886924004422
https://arxiv.org/pdf/2310.11293

446.E. A. Secemsky, C. Shen, M. Schermerhorn, et al., "Longitudinal
assessment of safety of femoropopliteal endovascular treatment with
paclitaxel-coated devices among Medicare beneficiaries: the SAFE-PAD
study,” *JAMA Internal Medicine*, vol. 181, no. 4, pp. 487-496, 2021.
nih.gov

447.C. H. Williams and L. Y. Bennett, "Including Student Essays in Japanese
University-Level EAP Writing Texts,” in Developing Materials for
Innovative Teaching, 2024, Springer. [HTML]

448.G. Galofré-Vila, "Height, chest size, and household composition in late-
nineteenth-century catalonia," Social Science History, 2021. [HTML]

449.D. Spears, D. Coffey, and J. R. Behrman, "Endogenous inclusion in the
Demographic and Health Survey anthropometric sample: Implications for
studying height within households," Journal of Development Economics,
2022. sciencedirect.com

450.F. J. Marco-Gracia and J. Puche, "The association between male height
and lifespan in rural Spain, birth cohorts 1835-1939," Economics &
Human Biology, 2021. [HTML]

451.Q. Feng, C. P. A. Loh, F. Meng, T. Bu, and Q. He, "The effect of a sibling
on the first-born child's health: evidence from two-child families in
China," *Economic Research*, vol. 2022. srce.hr

452.K. M. Lawson and R. W. Robins, "Sibling constructs: What are they, why
do they matter, and how should you handle them?," *Personality and
Social Psychology Bulletin*, vol. 2021. escholarship.org

453.M. D. Collado and I. Ortufio-Ortin, "Estimating intergenerational and
assortative processes in extended family data,” The Review of Economic
Studies, 2023. econstor.eu

454.D. Coffey, R. Khera, and D. Spears, "Mothers' social status and children's
health: evidence from joint households in rural India," Demography,
2022. dukeupress.edu

455.A. S. Mccarthy and R. Pearlman, "Multiplying siblings: Exploring the
trade-off between family size and child education in rural Bangladesh,"
The Journal of Development Studies, 2022. [HTML]

456.M. P. Cote, J. H. Lubowitz, J. C. Brand, and M. J. Rossi,
"Misinterpretation of P values and statistical power creates a false sense
of certainty: statistical significance, lack of significance, and the
uncertainty challenge," *Arthroscopy: The Journal of ...*, vol. XX, no.
YY, pp. ZZ-ZZ, 2021. arthroscopyjournal.org

Page | 109


https://pmc.ncbi.nlm.nih.gov/articles/PMC8126993/
https://link.springer.com/chapter/10.1007/978-3-031-69206-2_9
https://www.cambridge.org/core/journals/social-science-history/article/height-chest-size-and-household-composition-in-latenineteenthcentury-catalonia/072783ACE93DE5BEEC6C515B0E8E3026
https://www.sciencedirect.com/science/article/pii/S0304387821001413
https://www.sciencedirect.com/science/article/pii/S1570677X21000460
https://hrcak.srce.hr/file/435639
https://escholarship.org/content/qt7g59m0j8/qt7g59m0j8.pdf
https://www.econstor.eu/bitstream/10419/263666/1/dp15450.pdf
https://read.dukeupress.edu/demography/article-pdf/59/5/1981/1646310/1981coffey.pdf
https://www.tandfonline.com/doi/abs/10.1080/00220388.2022.2048652
https://www.arthroscopyjournal.org/article/S0749-8063(21)00143-2/pdf

457.J. Draper-Rodi and P. Vaucher, "4 M's to make sense of evidence—
avoiding the  propagation of  mistakes,  misinterpretation,
misrepresentation and misinformation,” International Journal of ..., vol.
2022, Elsevier. sciencedirect.com

458.K. Blaufus, M. Chirvi, H. P. Huber, R. Maiterth, "Tax misperception and
its effects on decision making-literature review and behavioral taxpayer
response model," *European Accounting Review*, vol. 2022, Taylor &
Francis. tandfonline.com

459.K. Hemming, I. Javid, and M. Taljaard, "A review of high impact journals
found that misinterpretation of non-statistically significant results from
randomized trials was common,” Journal of Clinical Epidemiology, 2022.
sciencedirect.com

460.R. Stevens, K. Machiyama, C. V. Mavodza, and others, "Misconceptions,
misinformation, and misperceptions: A case for removing the 'mis-' when
discussing contraceptive beliefs,” *Studies in Family Planning*, vol.
2023, Wiley Online Library. wiley.com

461.R. Sawatzky, J. Y. Kwon, R. Barclay, C. Chauhan, et al., "Implications
of response shift for micro-, meso-, and macro-level healthcare decision-
making using results of patient-reported outcome measures,” *Quality of
Life*, vol. 2021, Springer. springer.com

462.S. Moslem, D. Farooq, D. Esztergar-Kiss, "A novel spherical decision-
making model for measuring the separateness of preferences for drivers'
behavior factors associated with road traffic accidents," Expert Systems
with Applications, vol. 2024, Elsevier. sciencedirect.com

463.B. Zarouali and N. Helberger, "Investigating algorithmic misconceptions
in a media context: Source of a new digital divide?," *Media and*, vol.
2021. cogitatiopress.com

464.S. H. lvanov, "Automated decision-making," foresight, 2023. [HTML]

465.J. J. Jia, Z. Yuan, J. Pan, and P. McNamara, "Decision-making behavior
evaluation framework for llms under uncertain context," in *Advances in
Neural Information Processing Systems*, 2024. neurips.cc

466.M. S. Thiese, Z. C. Arnold, and S. D. Walker, "The misuse and abuse of
statistics in biomedical research,” 2015. ncbi.nlm.nih.gov

467.H. S. Darling, "To “P” or not to “P”, that is the question: A narrative
review on: P: value," Cancer Research, . lww.com

468.F. Habibzadeh, "On the use of receiver operating characteristic curve

Page | 110


https://www.sciencedirect.com/science/article/pii/S1746068922000220
https://www.tandfonline.com/doi/pdf/10.1080/09638180.2020.1852095
https://www.sciencedirect.com/science/article/pii/S089543562200021X
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/sifp.12232
https://link.springer.com/content/pdf/10.1007/s11136-021-02766-9.pdf
https://www.sciencedirect.com/science/article/pii/S0957417423028208
https://www.cogitatiopress.com/mediaandcommunication/article/download/4090/2370
https://www.emerald.com/insight/content/doi/10.1108/FS-09-2021-0183/full/html
https://proceedings.neurips.cc/paper_files/paper/2024/file/cda04d7ea67ea1376bf8c6962d8541e0-Paper-Conference.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4401313/
https://journals.lww.com/crst/_layouts/15/oaks.journals/downloadpdf.aspx?an=02201859-202110000-00028

analysis to determine the most appropriate p value significance
threshold,"” Journal of Translational Medicine, 2024. springer.com

469.H. Goel, D. Raheja, and S. K. Nadar, "Evidence-based medicine or
statistically manipulated medicine? Are we slaves to the P-value?"
Postgraduate medical journal, 2024. [HTML]

470.H. C. Watt, "Teaching Conceptual Understanding of p-Values and of
Confidence Intervals, Whilst Steering Away from Common
Misinterpretation,” in *Teaching Biostatistics in Medicine and Allied
Health*, 2023, Springer. [HTML]

471.1. Zaniletti, K. L. Devick, D. R. Larson, D. G. Lewallen, "P-values and
power in orthopedic research: myths and reality," The Journal of ..., vol.
XX, no. YY, pp. ZZ-ZZ, 2022. sciencedirect.com

472.E. Mezones-Holguin et al., "The null hypothesis significance test and the
dichotomization of the p-value: Errare Humanum Est," Revista Peruana
de..., 2025. scielosp.org

473.A.M. Bruno, A.E. Shea, B.D. Einerson, "Impact of the p-value threshold
on interpretation of trial outcomes in obstetrics and gynecology,"”
*American Journal of...*, 2021. nih.gov

474.F. Habibzadeh, "Credibility of the P Value," Journal of Korean Medical
Science, 2024. koreamed.org

475.S. Greenland, "Analysis goals, error-cost sensitivity, and analysis
hacking: Essential considerations in hypothesis testing and multiple
comparisons,” Paediatric and perinatal epidemiology, 2021. wiley.com

476.K. Shiba and T. Kawahara, "Using propensity scores for causal inference:
pitfalls and tips,” Journal of epidemiology, 2021. jst.go.jp

477.B. J. Reich, S. Yang, Y. Guan, and A. B. Giffin, "A review of spatial
causal inference methods for environmental and epidemiological
applications," *Statistical Review*, vol. 2021, Wiley Online Library.
nih.gov

478.S. Ma, B. Ren, H. Mallick, Y. S. Moon, "A statistical model for describing

and simulating microbial community profiles,” PLoS Computational
Biology, vol. 17, no. 5, 2021. plos.org

479.A. K. Leist, M. Klee, J. H. Kim, D. H. Rehkopf, S. P. A. Bordas,
"Mapping of machine learning approaches for description, prediction, and
causal inference in the social and health sciences," *Science*, vol. XX,
no. YY, pp. ZZ-ZZ, 2022. science.org

Page | 111


https://link.springer.com/content/pdf/10.1186/s12967-023-04827-8.pdf
https://academic.oup.com/pmj/article-abstract/100/1185/451/7603537
https://link.springer.com/chapter/10.1007/978-3-031-26010-0_5
https://www.sciencedirect.com/science/article/am/pii/S0883540322005770
https://www.scielosp.org/pdf/rpmesp/2024.v41n4/422-430/en
https://pmc.ncbi.nlm.nih.gov/articles/PMC8460605/pdf/nihms-1724979.pdf
https://synapse.koreamed.org/articles/1516087259
https://onlinelibrary.wiley.com/doi/am-pdf/10.1111/ppe.12711
https://www.jstage.jst.go.jp/article/jea/31/8/31_JE20210145/_pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10187770/pdf/nihms-1846191.pdf
https://journals.plos.org/ploscompbiol/article/file?id=10.1371/journal.pcbi.1008913&type=printable
https://www.science.org/doi/pdf/10.1126/sciadv.abk1942

480.R. Spake, D. E. Bowler, C. T. Callaghan, et al., "Understanding ‘it
depends' in ecology: a guide to hypothesising, visualising and interpreting
statistical interactions,” *Biological*, vol. 2023, Wiley Online Library.
wiley.com

481.A. C. C. Coolen, J. E. Barrett, P. Paga, and C. J. Perez-Vicente, "Replica
analysis of overfitting in regression models for time-to-event data," 2017.
[PDF]

482.G. Z. Heller, "Discussion on: 'Simple or complex statistical models: non-
traditional regression models with intuitive interpretations'," J.
Beyersmann, G. G. Melis, T. Kneib, Statistical..., 2024. [HTML]

483.F. Eriga, G. Gulom, and J. B. Alege, "Predictors of under-weight among
children younger than 24 months in Nimule Border Town, Eastern
Equatoria State, South Sudan: a community-based cross ...," BMC Public
Health, 2024. springer.com

484.S. Chandna, S. Janson, and S. C. Olhede, "Edge coherence in multiplex
networks," arXiv preprint arXiv:2202.09326, 2022. [PDF]

485.X. Kavelaars, J. Mulder, and M. Kaptein, "Bayesian multivariate logistic
regression for superiority and inferiority decision-making under observed
treatment heterogeneity,"” 2022. tue.nl

486.P. de Jager, D. Aleman, N. Baxter, C. Bell, et al., "Social determinants of
access to timely elective surgery in Ontario, Canada: a cross-sectional
population level study,” *CMAJ Open*, vol. 2023. cmajopen.ca

487.N. R. Haddaway and M. J. Grainger, "Citationchaser: A tool for
transparent and efficient forward and backward citation chasing in
systematic searching," *Research synthesis methods*, vol. 13, no. 1, pp.
50-63, 2022. wiley.com

488.L. Cowan, "EPID 7134 — Research Methods I1," 2018. [PDF]

489. Authors not provided, "Prevalence of visual acuity loss or blindness in the
US: a Bayesian meta-analysis," Vision and Eye Health Surveillance
System, JAMA, 2021. jamanetwork.com

490.C. Ozdemir, U. C. Kucuksezer, 1. Ogulur, Y. Pat, "Lifestyle changes and
industrialization in the development of allergic diseases,"” *Current
Allergy and Asthma Reports*, vol. 24, no. 1, 2024. springer.com

491.H. Montgomery, F. D. R. Hobbs, F. Padilla, et al., "Administration of
tixagevimab—cilgavimab for early outpatient treatment of COVID-19
(TACKLE): a phase 3, randomised, double-blind, placebo-controlled

Page | 112


https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fbrv.12939
https://arxiv.org/pdf/1705.01730
https://journals.sagepub.com/doi/abs/10.1177/1471082X241277642
https://link.springer.com/content/pdf/10.1186/s12889-024-18836-9.pdf
https://arxiv.org/pdf/2202.09326
https://research.tue.nl/files/312948769/2206.04133v2.pdf
https://www.cmajopen.ca/content/cmajo/11/6/E1164.full.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jrsm.1563
https://core.ac.uk/download/229150852.pdf
https://jamanetwork.com/journals/jamaophthalmology/articlepdf/2779910/jamaophthalmology_flaxman_2021_oi_210014_1626875373.00882.pdf
https://link.springer.com/content/pdf/10.1007/s11882-024-01149-7.pdf

trial,” The Lancet, vol. 399, no. 10326, pp. 1001-1012, 2022.
thelancet.com

492.L. Alberto Cavazani de Freitas, L. de Oliveira Carlos, A. Carlos Ligocki
Campos, and W. Hugo Bonat, "Hypothesis tests for multiple responses
regression: effect of probiotics on addiction and binge eating disorder,"
2022. [PDF]

493.S. Joseph, A. L. Cowie, L. Van Zwieten, N. Bolan, and others, "How
biochar works, and when it doesn't: A review of mechanisms controlling
soil and plant responses to biochar," *GCB*, vol. 27, no. 6, pp. 1234-
1248, 2021. wiley.com

494. K. J. Rothman, K. F. Huybrechts, and E. J. Murray, "Epidemiology:
an introduction," 2024. [HTML]

495.R. M. Merrill, "Introduction to epidemiology," 2024. jbpub.com

496.M. Mallappallil, J. Sabu, A. Gruessner, and M. Salifu, "A review of big
data and medical research," 2020. ncbi.nlm.nih.gov

497.J. Car, A. Sheikh, P. Wicks, and M. S. Williams, "Beyond the hype of big
data and artificial intelligence: building foundations for knowledge and
wisdom," 2019. ncbi.nlm.nih.gov

498.M. Karatas, L. Eriskin, M. Deveci, D. Pamucar, "Big Data for Healthcare
Industry 4.0: Applications, challenges and future perspectives," Expert
Systems with Applications, vol. 2022, Elsevier. [HTML]

499.W. Li, Y. Chai, F. Khan, S. R. U. Jan, and S. Verma, "A comprehensive
survey on machine learning-based big data analytics for loT-enabled
smart healthcare system," in *... and applications*, 2021, Springer.
springer.com

500.M. Hassan, F. M. Awan, A. Naz, "Innovations in genomics and big data
analytics for personalized medicine and health care: a review,"
*International Journal of ...*, 2022. mdpi.com

501.L. D. Arnold, M. Braganza, R. Salih, and G. A. Colditz, "Statistical
Trends in the Journal of the American Medical Association and
Implications for Training across the Continuum of Medical Education,”
2013. ncbi.nlm.nih.gov

Page | 113


https://www.thelancet.com/pdfs/journals/lanres/PIIS2213-2600(22)00180-1.pdf
https://arxiv.org/pdf/2208.00027
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12885
https://books.google.com/books?hl=en&lr=&id=uKMkEQAAQBAJ&oi=fnd&pg=PT9&dq=Medical+statistics+has+a+vital+role+in+the+progression+of+epidemiology.&ots=2hVo3mh71T&sig=XgacDUfrFZ-EAD17FNoMd4tgAPQ
http://samples.jbpub.com/9780763766221/66221_fmxx_5398.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323266/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636050/
https://www.sciencedirect.com/science/article/pii/S0957417422003499
https://link.springer.com/content/pdf/10.1007/s11036-020-01700-6.pdf
https://www.mdpi.com/1422-0067/23/9/4645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813707/

