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    Abstract
This article is the third of a four-article series intended to ignite the minds of readers and empower them to create new knowledge in the context of 'emergency difficult airway access'. This article describes sample size calculation, descriptive statistics and inferential statistics in simple and lucid language without using any formulae. The reader should have followed the steps of knowledge creation as described in the first two articles and framed objectives for a given challenging healthcare situation. The study design and variables to operationalise the objective should have been defined. With this information in the background, the article empowers the reader to calculate sample size for a given objective. The pathway to access this information on the 'Research Genie (RG)' app is described for every objective in all the nine relevant domains of healthcare, i.e. description, laboratory range estimation, incidence/prevalence estimation, evaluating therapies, measuring costs in healthcare, critically evaluating new tests, measuring risk, correlating variables and describing experiences, perceptions and beliefs. Mathematical and statistical jargon are deliberately kept at bay. This is followed by describing summary measures and tests of significance for each objective. The pathway to access this on RG is described. On reading and assimilating this article, healthcare personnel can communicate meaningfully with the biostatistician while explaining the data required to calculate the sample size for a given objective. The researcher learns to list the possible summary measures and tests of significance for a particular objective. With an intention to demystify all these complicated concepts, I may have erred on the side of oversimplification. I pray for forgiveness from the biostatisticians and sincerely recommend all these are discussed with the biostatistician and approval sought before putting them in print.
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    Introduction


    This article is the third of a series of four articles. The series intends to empower medical personnel in creating new knowledge to manage difficult airway in emergency situations. In the first article (September–December 2020), 'Defining the destination', readers were educated to frame precise objectives in nine domains of healthcare, namely descriptions, laboratory range estimations, estimating incidence and prevalence, evaluating therapies, measuring costs in healthcare, critically evaluating new tests, measuring risk, correlating variables and describing beliefs, perceptions and experiences. The process of operationalising the objective was explained.[bookmark: ft1][1] In the second article (January–April 2021), 'Planning your journey with Research Genie' (RG), the steps of creating new knowledge was pictorially described using an innovative and easy-to-understand diagram.[bookmark: ft2][2] The readers were introduced to a free educational app 'RG' available in Play Store (Android phone) and App Store (iPhone). RG gave a glimpse of the shining and shimmering world of research methodology using lively and interesting diagrams.[bookmark: ft3][3] The thought process of the researcher was channelled by RG to concisely define the target population and frame-accurate objectives. This is the most crucial step in knowledge creation and sets the stage for the rest of the process. After this, the researcher has to perform comprehensive review of literature to examine if any other well-designed study has created new knowledge to answer this objective. The most appropriate study designs for the nine objectives and standards used to ensure the quality of the research were described. The concept of probability and non-probability sampling strategy was introduced. It concluded by stating that RG is limited in its ability to assist in selecting the study design and sampling strategy, for RG cannot think. The thinking has to be performed by the researcher. This article demystifies sample size calculation and statistical tests. The RG can definitely assist in this task.


    The magical journey continues …….


    [image: ]


    Principles of Sample Size Calculation


    Medical doctors are often distressed when faced with the task of calculating sample size for their research. They often seek the assistance of the all-powerful biostatistician. Due to their busy schedules, when the doctor is free, the biostatistician is not (usually after 6 pm IST) and vice versa. By divine providence, on the day that the doctor's and biostatistician's convenience align (a rare cosmological phenomenon), they do not seem to understand each other's language. They part sweetly till God unites them again! By the end of this article, I promise to create affinity towards the biostatistician by educating you in the language of sample size calculation, descriptive statistics and inferential statistics. Thereafter, you will definitely have meaningful and productive conversations with your biostatistician to calculate sample size and choose the most appropriate test of significance.


    The principle of sample size calculation is similar to making inferences about the quality of rice in a large sack based on a sample from the topmost layer. Hence, how much to sample is determined by the uniformity of rice quality across the various layers in the sack. The measure of uniformity is termed as 'variability' in statistical language. Variability is commonly measured as the standard deviation of means or ranges of categories within the group. This information is usually gathered from prior similar studies (or a pilot study of your work) if there is no such prior research in your area of interest.


    Before making a purchase where you have to choose between two items, the approximate cost and quality difference you are willing to accept are enquired by the shopkeeper. Similarly, when you want to calculate sample size to compare two or more groups, the biostatistician (there is no intention to equate a biostatistician with a shopkeeper!) will ask for the expected difference based on prior studies or your estimates based on your pilot studies. Difference between groups is also measured using effect size which is derived from prior studies with similar research objectives as yours. The concept of effect size will be explained in the context of group comparisons for better understanding in later sections.


    One cannot sample the entire universe. Hence, inferences about the universe based on a sample have inherent error. The extent of error we are willing to accept determines the sample size. The maximum false-positive error that is acceptable is 5%. This type of error is termed type 1 or alpha error. Similarly, 20% is the maximum permissible false-negative error, also termed type 2 or beta error. As common sense suggests, the lower the acceptable error, the larger would the sample size be. As a corollary, the degree of acceptable error is based on the importance of the objective. If you are dealing with blood pressure, then an error in the range of 5 mm Hg may be acceptable; however while dealing with pH, the acceptable range will be narrower, possibly 0.01 (pH does not have any units). Based on what is at stake, you have to inform the statistician of the degree of error you are willing to accept.[bookmark: ft4][4]


    The next important concept for sample size calculation is the type of hypothesis stated in your study design. In one-sided hypothesis, the direction is defined. The hypothesis states that training in difficult airways improves the skill and the study is about measuring the degree of improvement. In a two-sided hypothesis, the direction is not defined. The hypothesis states that simulator-based training for managing a difficult airway has an effect on improving skills. The study will reveal a positive or a negative effect. The researcher has to commit to the type of hypothesis.[bookmark: ft5][5]


    In summary, the main determinants of sample size calculation are the extent of variability in study parameters, expected difference if groups are compared, acceptable error and type of hypothesis. For every objective in the nine healthcare domains, additional sets of information may be required to calculate the sample size. This will be explained under each objective.


    Demystifying Summary Measures and Statistical Tests


    Looking at a list of hundreds of numbers, it is difficult to understand what the numbers are trying to convey. A bunch of data is of no practical value until it is summarised in the form of point estimates and ranges. Each data pattern has a particular method of summarising. As a general principle, numerical variables are summarised by means and standard deviation (if data are normally distributed) and medians/interquartile range (if data are skewed). Categorical variables such as gender or religion are summarised as ratios or proportions. Median is the preferred summary measure for ordinal variables such as grades and scales.[bookmark: ft6][6] The most appropriate summary measure for every objective will be described in the following sections.


    If sampling and sample size estimation ensure that the study sample is representative of the universe, then tests of significance inform us if the results can be applied to the universe. This concept is called generalisability of the results. In simple words, if the test of significance shows that the results of the study have a P < 0.05, then there is a probability of the results being generalisable 95% in the universe provided the study sample is representative of the universe.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9] Under each objective in the following sections, 'Research Genie' will assist you to speak the language of the statistician to facilitate sample size calculation. RG will also assist you to select the most appropriate summary measure and choose the test of significance for a given objective.


    Description Objective


    'To estimate the proportion of emergency situations with difficult airway access (Outcome/Event) in people presenting to emergency rooms of district level hospitals of India (Population)'


    On selecting the 'Domain' box on RG, nine boxes, each indicating a domain relevant to healthcare, are displayed with the page header as 'To which category does your research fit?' Choose the 'Description' box. The description template is displayed. You must faithfully follow the objective template. Every word is important. Any deviation will lead to confusion and difficulties in the future. The data pattern is a guide to ensure that you are on the right path. The present/absent indicates either the presence or absence of the outcome namely 'emergency situations with difficult airway access'. On swiping the screen, data required to calculate sample size are displayed. Population proportion is the proportion of difficult airways in emergencies as observed in the literature. The sample proportion is the proportion of difficult airways you expect in your scenario based on your prior clinical experience. Power is 100-type 2 error (false negative). As the maximum acceptable type 2 error is 20%, power is always 80 or more. Higher power is assumed if high accuracy is expected from the study. Alpha (type 1 error) should be 5% or lower. The type of hypothesis is based on the direction assumed by the researcher which has been explained in the previous section. With this information, you may use an online calculator or consult a statistician. On swiping the page, the descriptive statistics (summary measure) is displayed. You may depict the results either as a proportion of difficult airways in emergency situations or the ratio of difficult to easily accessible airways in these situations. Here, you will observe 95% confidence interval of ratio or proportion. This measure is depicted as (x, y) where x is the upper bound of the 95% confidence interval and y is the lower bound. These measures are calculated using computer programmes such as SPSS (Statistical Package for the Social Sciences).[bookmark: ft10][10] If the 95% confidence interval of difficult airway is (0.40, 0.45), then it means that in the universe you can expect the proportion of difficult airway to fall between 40/100 and 45/100 in 95% of the scenarios. Finally, swipe the page and the inferential statistics, also called test of significance, will be displayed. For this objective, it is the Z test of proportions. Here, we will introduce the concept of assumptions before applying the test of significance. When we communicate to a person in English and expect a response, we assume that the person understands the English language. Similarly, data must fulfil a certain set of assumptions before applying the Z test of proportions. Random sampling and independence of measurement (measurement obtained in an individual should not be dependent on any other prior factor that can systematically bias the measurement). The assumptions ensure that data analysed by the computer programme is representative of the population/universe. The computer cannot ensure random sampling and independence of measurement; it has to be done by the researcher. This completes all the steps required to create knowledge in this domain. You will need to consult the statistician from the formulation of objectives till final analysis. RG will assist mutual understanding and make research (knowledge creation) a magical experience for both you and the statistician.


    Lab Range Objective


    'To estimate the time taken to secure a stable airway (Outcome/Event) using a supraglottic airway device in unstable patients with open mandibular fractures (Population) presenting to emergency room'


    For this objective, you need to select 'Lab Range' box in the domain. The diagram beside the objective clearly illustrates that in each individual a numerical parameter is measured. In our objective, it is 'time taken to secure a stable airway'. On swiping the page, data required to calculate sample size are displayed. Population mean is the mean time required to secure airway in difficult emergency situations and associated standard deviation derived from previous studies. The sample mean is the mean time to secure an airway in these situations in your experience. Alpha error, power and type of hypothesis are similar to the previous objective. The concept of effect size is introduced here. It is the measure of difference in the meantime to secure airway that you intend to measure by your study. The numbers 0.2, 0.5 and 0.8 are indicative of small, medium and large effect size, respectively. This measure is determined by the researcher. On swiping the page, it displays that mean and standard deviation along with 95% confidence interval of the mean is the most appropriate summary measure if data are normally distributed. Normally distributed data appear like a bell-shaped curve when represented on a graph. This representation is performed by SPSS or Microsoft Excel. If the data are skewed, median, mode, tertiles, percentile or interquartile range is employed. The last swipe displaysZ test of means or Student's 't' test as the most appropriate test of significance for this objective. With this, you have a complete framework to create knowledge in this domain.


    Incidence or Prevalence Objective


    'To estimate the prevalence of death/irreversible brain hypoxia (Outcome/Event) in patients presenting to emergency rooms of district hospitals (Population) manned by inadequately trained airway managers'


    This objective is similar to the description objective, but for sampling strategy. In the description situation, the sampling is done in a hospital setup, whereas here, sampling is performed in the community setting. The data pattern is similar to the description situation where proportions are estimated. On swiping the page, data required for sample size calculation are displayed. Population incidence/prevalence is derived from previous literature. Sample incidence/prevalence is based on your presumption about the prevalence of death/irreversible brain hypoxia. Power, alpha error and hypothesis assumptions are similar to previous objectives. Incidence/prevalence is point estimate. On swiping the page, descriptive statistics for the objective is described. The 95% confidence interval is the limit within which incidence/prevalence may lie in 95% of similar scenarios. The most appropriate test of significance is displayed in the next page, namely Z test of proportions in this case. This completes the framework to create knowledge in this domain.


    Therapy Objective


    'To compare the efficacy of securing the airway measured as time to secure airway (outcome) in patients presenting to emergency rooms of district hospitals with restricted mouth opening (Population) using supraglottic airway device (intervention 1) versus fibreoptic-guided intubation (Intervention 2)'


    This objective gets displayed when you choose therapy in the domain box. On swiping the page and displaying data required for sample size calculation, data required to calculate sample size for two groups appear. This is for therapy situations, where two types of interventions are compared. The next page displays data required when three types of interventions are compared. In the first situation, the mean difference is the expected mean difference between time to secure airway with supraglottic airway device and fibreoptic-guided intubation. Standard deviations 1 and 2 are those of the meantime to secure airway by each technique, namely supraglottic airway device and fibreoptic-guided intubation. This data are derived from previous studies or a small pilot study done at your centre. The effect size is based on the above measures and sample size calculators derive the effect size from the above-mentioned measures. Power, alpha error and hypothesis assumptions are similar to previous objectives. In the situation where three interventions will be compared, between- and within-group variances are derived from previous literature. Effect size is decided by the researcher based on criticality of the outcomes. Number of measurements indicates whether outcomes will be measured once or over repeated periods. Power, alpha error and hypothesis assumptions are similar to previous objectives. The next page displays summary measures (descriptive statistics) for two groups. Here, it will be the difference in the mean time to secure the airway by two techniques if data are normally distributed. If data are not normally distributed, the difference in median time to secure the airway is the most appropriate method to summarise the results. The next page shows a table to summarise results when comparing three groups. It is a corollary to the previous situation. Here, the difference in mean time to secure airway between each of the three groups will be described. The 95% confidence intervals of difference between mean time to secure airway give an estimate of the upper and lower bounds of difference in time to secure airway in 95% of similar scenarios. Moving ahead by swiping the pages, we reach tests of significance to be employed for two intervention comparison and three intervention comparisons. To test the statistical significance of two interventions, independent sample t-test is employed if data are normally distributed and Mann Whitney U or Wilcoxon signed-rank test if data are skewed and assumptions are violated. The tests employed when assumptions are violated are less powerful in assisting us to generalise the results to the universe. If three interventions are compared, analysis of variance is used if data are normally distributed and Kruskal–Wallis test if assumptions are violated. With this, we complete the framework to create new knowledge in this domain.


    Cost Objective


    'To compare the cost (Outcome/Event) of using supraglottic airway devices (intervention 1) and fibreoptic-guided intubation (Intervention 2) in patients presenting to emergency rooms of district hospitals with restricted mouth opening (Population)'


    This objective is displayed on selecting cost from the list of domains in RG. The data pattern for this objective is similar to the therapy objective. Hence, the sample size calculation, descriptive measures and test of significance remain the same. The cost for each intervention is substituted in place of time to secure the airway. Thus, the sample size is calculated based on the standard deviation of cost for supraglottic airway and fibreoptic-guided intubation. The means and difference in means are for the costs. If a third intervention is included, then within- and between-group variances are derived from previous literature or pilot work done at your centre. Power, alpha error and hypothesis assumptions are similar to previous objectives. As discussed in the second article of this series, the outcome can be cost, cost-effectiveness, cost utility or cost benefit. All steps required for knowledge creation in this domain are complete with this section. Comparing costs is a critical outcome used by administrators and government agencies for policy and advocacy.


    New Test Objective


    'To compare the accuracy of decision making using smartphone-based application


    (New test) to predict probability of securing the airway using a supraglottic airway device (Outcome/Event) among patients presenting to emergency rooms of district hospitals with restricted mouth opening (Population)'


    This objective is unique for its peculiar data patterns. On selecting new test in the domain box, it is displayed. On swiping the page, data required for sample size calculation are displayed. The new test is a smartphone-based application and reference is by other conventional methods of predicting difficult airway. Power, alpha error and hypothesis assumptions are similar to previous objectives. Summary measures (descriptive statistics) are sensitivity (measure of true positives), specificity (measure of true negatives), positive predictive value (true positive when test is positive), negative predictive value (true negative when test is negative) and likelihood ratio (measure of probability of truth in various test outcomes).[bookmark: ft11][11],[bookmark: ft12][12] All these are described in detail in the second article in this series. On close observation of data patterns in the opening page, you will notice that test outcomes can be either numbers like time to secure airway or categorical like airway secured or not. Likewise, the test of significance is Chi-square/Fisher's exact test for ordinal or dichotomous outcomes (categorical variable). Fisher's exact test is used when certain assumptions are not fulfilled. You may consult your statistician to understand this concept. I am avoiding a detailed explanation to reduce mental strain for you! For tests with numerical outcomes, a paired t-test is the best to evaluate statistical significance. Our journey of knowledge creation in this domain comes to completion at this stage.


    Risk Measurement Objective


    'To estimate the risk (Outcome/Event) of having death/irreversible brain injury (Outcome) in emergency airway management by residents trained using conventional observation training (At-risk group) in comparison to those trained using advanced simulators with embedded training algorithms for optimal positioning and transport (Not at-risk group)'


    On selecting the risk measurement box from the domain box, you will observe that the data pattern is different. Here, we are comparing two categorical data sets. The next page displays the data required to calculate the sample size. The proportion in the control group is death/irreversible brain injury (Outcome) in emergency airway management by residents trained using advanced simulators with embedded training algorithms for optimal positioning and transport (Not at-risk group). The proportion in the case group is death/irreversible brain injury (Outcome) in emergency airway management by residents trained using conventional observation training (At-risk group). Power, alpha error and hypothesis assumptions are similar to previous objectives. Odds ratio and relative risk reduction are commonly employed summary measures with 95% confidence intervals which are displayed in the next page. On swiping to reach inferential statistics, it displays the most appropriate tests of significance, namely Chi-square test and Fisher's exact test. As discussed in the previous section, Chi-square is employed if assumptions are fulfilled, and Fisher's test if assumptions are violated. The entire framework for knowledge creation in this domain is complete with this step.


    Correlation Objective


    'To estimate the strength of correlation (Outcome/Event) between time spent on accessing the difficult airway by training using advanced simulation systems measured as hours of training (Quantitative parameter 1) and time to secure airway in an emergency situation with restricted mouth opening, measured in seconds (Quantitative parameter 2)'


    On selecting the correlation box, this objective is displayed. The term 'strength of correlation' is a new term. It is a measure of degree by which time spent on training using advanced simulation models influences time to secure airway in emergency situations. Computer programmes such as SPSS calculate correlation coefficients based on the data of both variables. Coefficients more than 0.5 indicate the presence of correlation and values above 0.7 indicate good correlation. On swiping the page, data required for sample size calculation get displayed. Population correlation coefficient between time to train and time to secure the airway is derived from previous literature. Sample correlation coefficient is your assumption based on experience or pilot study. Power, alpha error and hypothesis assumptions are similar to previous objectives. The next page displays the correlation coefficient with 95% confidence interval as the most appropriate method to summarise the results. The following page states Pearson's correlation and Spearman's correlation as the most appropriate statistical tests for correlation objective. While Pearson's correlation is used for normally distributed data, Spearman's correlation is used for skewed data. This completes the framework for knowledge creation in this domain.


    Beliefs/Perception/Experience Objective


    'To describe the perceptions of hospital managers and finance authorities about investing in advanced airway access training simulators'


    The objective that gets displayed on choosing beliefs/perceptions/experiences from the domain box is different from the remaining eight domains. These questions are answered by qualitative research methods. Data are not in the form of numbers. Here, data are either visuals like images/videos of ethnographic observations or transcripts of conversations from focus group discussions or in-depth interviews. There is no fixed sample size and data saturation determines termination of the study as no new information gets gathered. This is displayed in the next page. The next page that appears on swiping describes the pictorial representation of qualitative data results. You will observe that the neonatal intensive care environment is depicted as a dynamic apparatus, with on-going adaptation to every new challenge. Similarly, the perceptions of hospital managers and finance authorities should be explored and described. A comprehensive discussion on qualitative research methodology is beyond the scope of this article. The reader can consult easy-to-understand resources and graduate to more advanced literature to understand this specialised and important domain of healthcare research.[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15]


    Does the Magical Journey End Here?


    You would have begun to feel that the magical journey is coming to an end. Every section seems to suggest that. We started the journey with clearly defined objectives in nine relevant healthcare domains in a specific clinical context. Research questions and objectives were generated to address all the challenges in managing a difficult airway in emergency situations. Following this, we created a conceptual framework and got familiar with operationalising the objectives with an understanding of variables. The concept of confounding variables was introduced. The most appropriate study design for each objective and the acceptable standards for ensuring quality were described. A pictorial and easy-to-understand framework to conduct research in any area of healthcare was presented. 'RG', an educational smartphone-based app available for free download from Play Store for Android and App Store for iPhones was introduced. The method to use RG to construct a framework for knowledge creation (Research methodology) in difficult airway was outlined. The magical journey does not stop here. Truly fulfilling and magical moments are experienced when the new knowledge created is utilised to make a difference in the universe.[bookmark: ft16][16] The cycle of innovation is all about taking your research results to the universe.[bookmark: ft17][17]


    The next and final article in this series will educate you on making an impact on the world with your knowledge innovation. Till then, identify a challenging healthcare situation and create the framework to invent and discover new knowledge. If you have any questions or clarifications, the Genie will be at your service at 'researchgenie2020@gmail.com'.
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Tips for readers to benefit from \
this series \

Acquiring the ability to create knowledge is like
balancing on a bicycle. No matter, how much you
read about the physics of balance, you donot gef the
ability to balance. The only way to acquire balance
is to sit on a bicycle and keep trying till balance
becomes a part of you, never to be lost. Similarly,
to get proficient in knowledge creation, you have
to start creating knowledge. I recommend that you
take a challenging situation relevant to your work
and begin to create knowledge. Genie is available |

at researchgenie2020@ gmail.com to answer /
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