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Abstract - This paper talks about the importance and application of hypothesis testing in the real world by looking at example research that has already been done using these tools. We also compare existing research to have a look at where hypothesis testing touches through all branches of science, research and development in general, while also showing the need for further improvements into hypothesis testing to make it relevant in the current dynamic world of research and development.
I. INTRODUCTION
Hypothesis testing is broadly classified into two categories: Parametric and non-parametric tests. Parametric tests re then subdivided into three more categories: Left [9], right and two tailed tests [9]. Left-tailed tests are hypothesis tests whose null hypothesis rejection areas lie on the left tail while right-tailed tests are tests whose null hypothesis rejection areas occur on the right tail of the distribution [9]. Two tailed tests on the other hand are hypothesis tests whose areas of rejection of the null hypothesis occur on either end on the distribution [9]. Non-parametric tests include all tests that do not require a normal distribution during the hypothesis test. They include the Man-Whitney U Test [9], Chi-Squared test [9], Wilcoxon Signed Rank test and the Kruskal Willis test [9]. This paper focuses on the applications of each of these tests.
I. BACKGROUND
Hypothesis testing is a method of statistical inference whereby two different datasets, or a sample from a dataset, are tested in order to draw a conclusion from the results about the characteristics being tested. Hypothesis testing can be broken down into two major categories: parametric tests and non-parametric tests. A parametric test is done on datasets with known normal distribution and a non-parametric test is done without the need to know the distribution of the datasets. The focus of this paper is the parametric tests.
A Typical parametric Hypothesis test is composed of two parts: a null hypothesis [8] and an alternate hypothesis [8]. The null hypothesis, H0, is a conclusion whereby no observable difference in characteristic is noticed during the test. The alternative hypothesis, H1, is the opposite of the null conclusion, depicting that a difference in characteristics has been noticed during the test. Two conditions that must be met however for any test to occur are: The data sets must follow a normal distribution and the datasets must be independent of each other. A significance level, which is the probability of the null hypothesis being rejected while true, is chosen, usually between 1% and 5%. The test also includes a critical region, values on a distribution that lead to the rejection of a null hypothesis at a certain probability level. Once testing is done, the null hypothesis is rejected when either:
	The value falls below or above the critical region of the distribution for a one-tailed test or
	The vale falls both below and above the critical regions of a two-tailed test
I. APPLICATIONS OF HYPOTHESIS TESTING
Hypothesis testing has been used in the medical field in the testing for efficacy and effects of different drugs used to treat similar patients [6]. In a study done on Olanzapine and risperidone, drugs used in the treatment of Schizophrenia, it was discovered that though both drugs were very effective in treating of symptoms in Schizophrenic patients, Olanzapine had a greater efficacy in negative symptoms while also maintaining lower levels of incidence of extrapyramidal side effects [6]. This test ultimately proved Olanzapine to have a better risk vs benefit advantage over risperidone.
Hypothesis testing has been used in business in evaluating critical decisions before they are made by executives such as investment decisions or whether or not to take out a business loan. Hypothesis testing can be used to evaluate, given the available data, the viability of the decision to be made and whether it is worth all the risk and consequences the decision comes with. That way decisions made are supported by fact and more likely to impact the company or individual positively. Areas like the manufacturing and processing industries have heavily relied on hypothesis testing to know when is the best time to increase and even slow down production of goods in order to attain maximum profit. Service industries can also use hypothesis testing to find out the best ways to offer service to their clients, in order to maximize on the number of clients served, efficiently and satisfactory.
Hypothesis testing has been used in the prediction of earthquakes. D D Jackson says that a hypothesis predicting earthquakes is more useful and consequently testable [4], if each region has its own probability [4]. Assuming earthquake formation assumes a Poisson process [4] whose rates are determined by the regions past behavior, an N-Test [4] can be used to predict future earthquakes, using the number of successes and comparing them with the Null hypothesis predictions [4]. David D. Jackson also explains further on the N test, L test and Rate Density map tests and how they are used in earthquake prediction.
Hypothesis testing also strengthens research in the field of neuroscience [1]. Bradley E Alger [1] while trying to find out the significance of hypothesis tests in neuroscience research did a study of 52 articles on neuroscience. Of the 52, 39 he found were hypothesis based, 8 were discovery based and 5 were computer models of one or more experiments. He also found out that none of the hypothesis based papers drew conclusions from a single hypothesis test, with the mean number of experiments being 7 [1]. This experiments highlights the usefulness of hypothesis testing in neuroscience research and advancement. Even though Bradley E Alger is unable to use the same measuring statistics on the different papers to determine the usefulness of these tests on the subject of the articles [1], he is able to prove that hypothesis testing can be used widely  
Hypothesis testing has also been used in the testing of safety of genetically modified foods (GMOs) against their organic counterparts. Another study [3] further identified that using hypothesis testing with tolerance intervals produced tests that were nearly unbiased, with powers of the test case staying nearly at 0.05 [3]. For GMO to be regarded as safe by the manufacturer, tests have to be done to ascertain that the “new food” is similar in most respects to the original food, therefore can be treated in the same manner as the original food [3]. From this study, it is evident that hypothesis testing can aid extensively in the research and development of GMOs and making them safer and healthier for consumption.
Hypothesis testing is also used in the field of wildlife science [5]. Johnson Douglas H. argues that the wildlife field does not have extensive databases like other science fields. There is also need to know of the sign and magnitude of an effect on wildlife rather than the sign only, as is the case in other science fields [5]. He also explains the ineffectiveness of the evolutionary operation method for hypothesis testing in the natural world citing multiple uncontrollable factors that have to be accounted for. He however stresses out that replicated hypothesis tests are fundamental in the advancement of all of science, not just wildlife science.
I. COMPARATIVE STUDY
Most of the research paper state that most statistical findings available today as inaccurate [1, 3, 4]. However, these papers come on to conclude that hypothesis testing is a fundamental element of advancement in science [5] and the previous tests can only be correct.
Making comparisons [1, 6] we see that both identify the relevance of hypothesis testing in their respective fields. Bradley E [1]. Alger classified the samples of research papers in three categories, looking into each article for evidence of hypothesis testing. The conclusion he drew was that 75% of his research articles based on neural science had an aspect of hypothesis testing in them. In addition to this, he noted that all of these papers that did some form of hypothesis testing did more than one test, with the average number of tests coming to seven. This shows that hypothesis testing does not rely on a single p-value to give conclusions, rather are multiple tests confirming the results from the original test, giving hypothesis testing more credibility. Similarly, Jeffrey A. Lieberman used several previous hypothesis tests to show their relevance in clinical trials [6]. Taking a case example of the study of Olanzapine and risperidone, drugs used in the treatment of Schizophrenia, in patients. The hypothesis test concluded that the drug Olanzapine was a better choice to patients, risk wise, even though both of them were very effective in the treatment of Schizophrenia, since it has fewer negative effects and post treatment symptoms [6]. The test was a 28 week study of two drugs on patients that were originally thought of to be at par in terms of efficacy and post treatment effects. It would have been near impossible to find out that risperidone was a greater risk drug, that was used in mainstream treatment of Schizophrenia than Olanzapine, and had more negative effects. With such results come the need for improvement hence fostering growth and development of such treatment drugs. The approaches were almost similar since both identified successful research undertaken that involved hypothesis testing.
[bookmark: _GoBack]In a different comparison study [4, 5], both case studies are dependent on the usually violent nature of our environment on this earth. They involve the use of variables outside the control of the researcher, those found in nature. Jackson D. D. proposed a couple of methods that attempted to include these variables in the prediction of future earthquakes [4]. Jackson D D [4] stated that current hypothesis testing methods tested single variables of the datasets in question [4], which was a far cry of what was required to predict future earthquakes [4]. He argued that accurate earthquake prediction needs to incorporate multiple variables, including: previous times of earthquakes [4], magnitudes, origin points and so on [4]. He therefore proposed a number of methods that could incorporate these variables in order to improve the predictions. Ultimately, each of these methods is a variation of the hypothesis test, to cater for the variables. Douglas Johnson H on the other hand talks about the deficiencies of current experimentation methods in the field of wildlife science. He states that the wildlife ecosystem consists of databases that are woefully lacking in information, hence making the challenge of scientific research even greater. Furthermore, effective hypothesis testing requires data that is just enough. He also states of the single variable nature of current hypothesis testing methods and uses an example of evolution to show their deficiencies [5]. An animals evolve in order to improve survival chances in the wild. These chances either increase or decrease depending on the environment the animal finds itself in. With a stable environment where the animal thrives, there is no need for evolution to occur. It would then be pointless to do hypothesis testing to check if evolution would occur once more [5] if the environment as a variable is kept constant. Human activities, have in the recent past also contributed to the change in environments. A good example would be the elephants in Kenya being born without tusks to evade poaching. These activities should also be put into consideration since, though they be positive or negative, they are affecting the environment. He ultimately concludes that hypothesis testing, with methods to cater for the dynamic nature of the wildlife’s environment is the future of wildlife science. Both research articles talk about the usefulness of hypothesis testing methods in very different contexts of research, further strengthening its appeal in the world of research and development.
I. CONCLUSION
From the above, we can conclude that hypothesis testing is crucial in our way of life, with major applications in almost all advancements that have been done in all scientific fields. There is also need to improve current methods of hypothesis [5] testing to make the tests mimic the dynamic nature of the real world as closely as possible. With the onset of technology and technological advancements, it is now possible to handle big data with relatively cheap resources and infrastructure. Handling multiple variables in hypothesis testing should be easy enough, hence the need arises for better methods of hypothesis testing that can incorporate these variables while remaining accurate and relevant. Many more fields can benefit from such improvements, like the weather forecasting, using historical data on the season’s l, time and different aspects of the weather. One can use the different measurements of the weather and what kind of weather was experienced then to tell, with some degree of accuracy, future weather patterns. With the current Corona virus pandemic and its effects in the sports sector, it has been evident how negatively players have been affected, with excessive playing times and crowded fixtures. However there is enough data that can be processed, depending on the individual player to tell when they are in need of rest or when a future injury is likely to occur.
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