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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 [1, 2, 3, 4, 5, 6, 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 [21, 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 



 

Page | 7 

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 [30, 

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]. 
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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, 65, 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) Identity, 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]. 
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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 [89, 90, 91, 92, 93, 94, 95, 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 



 

Page | 17 

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. Ideally, 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 (CIs) 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 CIs 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 CIs 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 (CIs) 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, CIs 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 CIs 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 CIs 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 CIs. 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 CIs comprehensively, as this understanding can substantially 

influence healthcare outcomes and interpretations in research [128, 129, 130, 131, 132, 

133, 134, 135]. 



 

Page | 21 

 

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.  



 

Page | 27 

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 [181, 

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 [192, 193, 194, 

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 I 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, 198, 

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 [15, 204, 205, 16]. 

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, I 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 [31, 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 



 

Page | 31 

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 world [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 [241, 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 [26, 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 [272, 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, 292, 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 [297, 298, 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 | 47 

making it an invaluable tool for researchers and practitioners alike [198, 157, 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 (CIs). 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]. 

CI, 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 [394, 395, 396, 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 services [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 I 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 a rise 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 I 

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 I 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 - β = 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 unnecessarily [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 [487]. 

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 [488]. 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 [489]. 

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 [490]. 
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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. [491]. 

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 [492]. 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 [80]. 

We are interested in the analysis of multiple outcomes in the context of 

longitudinal data analysis. The data were generated from a 3 × 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 [493]. 
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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, 495]. 

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 [496]. 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 [497]. There are many potential technologies and 

methodologies available, such as cloud computing, artificial intelligence 

robots, Internet of Things (IoT), 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, 498]. 

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 [227]. 

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, 500]. 
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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 (CIs) which are frequently under-reported. A 

wide confidence interval (CI) 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. 
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