A cohort study is a form of longitudinal study used in medicine and social science.  The most important cohort studies are those that track a group of children from their birth, and record a wide range of information about them. The value of a cohort study depends on the researchers' capacity to stay in touch with all members of the cohort. Some of these studies have continued for decades.  Shorter term cohort studies are commonly used in medical research as a form of clinical trial, or means to test a particular hypothesis of clinical importance. Such studies typically follow two groups of patients for a period of time and compare an endpoint or outcome measure between the two groups.  For example, if one hypothesizes that exposure to X (say, smoking) causes outcome Y (say, lung cancer), a cohort study is one means of testing this hypothesis. Such a study would enroll a group of smokers and a group of non-smokers (the control group) and follow them for a set period (say 20 years!) and note differences in the incidence of lung cancers between the groups at the end of this time. In this example, a statistically significant increase in the incidence of lung cancers in the smoking group as compared to the non-smoking group is evidence in favor of our hypothesis.

Clearly the choice of control group will influence the reliability of the results. If, for example the majority of the non-smoking group had a history of asbestos exposure (a known risk factor for lung cancers), which the smoking group did not, and the study found no significant difference in the incidence of cancer between the groups, then we have reason to doubt the reliability of this observed negative result. This is because what might otherwise have been a positive result may have been masked by an increased incidence of lung cancers, due to asbestos exposure, in the control group. For this reason, the groups are usually matched for a number of baseline variables, such as age, sex, race, socioeconomic factors, and other confounding variables, such as asbestos exposure in this case. This may be difficult to achieve, when for example, lower socioeconomic status is associated with increased smoking prevalence. Nevertheless, the possibility remains that variables that have not been considered could be confounding results.

Randomized controlled trials, or RCTs are a superior methodology in the hierarchy of evidence, because they limit the potential for bias by randomly assigning the one patient pool to intervention or control groups. This minimizes the chance that the incidence of confounding variables will differ between the two groups (e.g. the smoking-socioeconomic status association mentioned above).

Nevertheless, it is sometimes not practical or ethical to perform RCTs to answer a clinical question. To take our example, if we already had reasonable evidence that smoking causes lung cancer then persuading a pool of non-smokers to take up smoking in order to test this hypothesis would generally be considered quite unethical.

Case Control Studies.  Conceptually, case control studies are more difficult to comprehend than cohort studies. In a cohort study, disease free exposed and non-exposed cohorts are followed up and then outcome events are picked up as and when they occur. In a case control design, sampling starts with diseased and non-diseased individuals. They are called-cases and controls. The exposure status is then determined by looking backward in time (using documentation of exposures or recall of historical events). For this reason, case control studies are also called as retrospective studies. The measure of association in a case control study is called an Odds Ratio (OR). The OR is the ratio of the odds (chance) of exposure among cases in favor of exposure among controls. If the disease is rare, then the OR tends to be a good approximation of the Relative risk (RR). However, true incidence estimates can not be generated from a case control study.  Case control studies are much simpler and easier to do when compared to cohort studies. They are very cost-efficient. Unfortunately, lack of a clear understanding of the case control methodology has lead people to believe that it is a second-rate substitute for cohort study. In reality, case control designs have a sound theoretical basis and well designed case control studies can provide information as good as cohort studies.  A case study is a particular method of qualitative research. Rather than using large samples and following a rigid protocol to examine a limited number of variables, case study methods involve an in-depth, longitudinal examination of a single instance or event: a case. They provide a systematic way of looking at events, collecting data, analyzing information, and reporting the results. As a result the researcher may gain a sharpened understanding of why the instance happened as it did, and what might become important to look at more extensively in future research. Case studies lend themselves especially to generating (rather than testing) hypotheses [an assumption].
Experimental Study.  Experimental controls are used in scientific experiments to prevent factors other than those being studied from affecting the outcome.  Controls are needed to eliminate alternate explanations of experimental results. For example, suppose a researcher feeds an experimental artificial sweetener to thirty laboratory rats and observes that eight of them subsequently die of dehydration. The underlying cause of death could be due to the sweetener itself or something unrelated. Perhaps the rats simply were not supplied with enough water; or the water was contaminated and undrinkable; or the rats were under some psychological or physiological stress that caused them not to drink enough; or a disease dehydrated them; or their cage was kept too hot. Eliminating each of these possible explanations individually would be time-consuming and difficult. Instead, the researcher can use an experimental control, separating the rats into two groups: one group that receives the sweetener and one that doesn't. The two groups are kept in otherwise identical conditions, and both groups are observed in the same ways. Now, any difference in morbidity between the two groups can be ascribed to the sweetener itself--and no other factor--with much greater confidence.  In this example, and in medical trials generally, the experimental control comes in the form of a control group, a group that is observed under ordinary conditions while another group is subjected to the treatment (or other factor) being studied. The data from the control group is the baseline against which all other experimental results must be measured.

In other cases, an experimental control is used to prevent the effects of one variable from being drowned out by the known, greater effects of other variables. For example, suppose a program that gives out free books to children in subway stations wants to measure the effect of the program on standardized test scores. However, the researchers understand that many other factors probably have a much greater effect on standardized test scores than the free books: household income, for example, and the extent of parents' education. In scientific parlance, these are called confounding variables. In this case, the researchers can either use a control group or use statistical techniques to control for the other variables.  These types of studies are the most popular in education and in health and physical education research.
Descriptive studies.  A descriptive study is the weakest epidemiological design. The investigators merely describe the health status of a population or characteristic of a number of patients. Description is usually done with respect to time place and person. A case series is an example of a descriptive study. It offers limited information about a group of patients and their clinical characteristics and outcomes. Descriptive studies are weak because they make no attempt to link cause and effect and therefore no causal association can be determined. Descriptive studies however, are often the first step to a well designed epidemiological study. They allow the investigator to define a good hypothesis which can then be tested using a better design. For example, Gottlieb's description of a rare from of pneumonia (pneumocystis carinii) among young adult male homosexuals in 1981 helped in identifying and characterizing HIV disease (Gottlieb MS 1981).  This type of study is also popular in health and physical education research.
Cross sectional studies.  In this design, measurements are made on a population at one point in time.  For example, a survey done in a village to identify the number of individuals with hypertension.  Here the villagers are screened with blood pressure measurement at one point in time. The frequency of hypertension is then examined in relation to age sex, socioeconomic status, and other risk factors for hypertension. Cross sectional studies measure the prevalence of disease and are also called prevalence studies. Since there is no longitudinal component, cross sectional surveys cannot possibly measure incidence of any disease.  Cross sectional studies are easy to do and tend to be economical since repeated data collection is not done. They yield useful data on prevalence of diseases and this is often good enough to assess the health situation a population. The main problem with a cross sectional study stems from the fact that both the exposure and the outcome are measured simultaneously. So, even if a strong association is made out between an exposure and the outcome, it is not easy to determine which occurred first, the exposure or the outcome. In other words, causal associations cannot be made based on cross sectional data. 

►  Finally…The purpose of research:  (1) to test hypotheses, & (2) control variance.  Explain each.

Answer:  
(1) A hypothesis is an idea about the solution to a problem, based on knowledge and research. While the hypothesis is a single statement, it is the key to a successful project. All of your project research is done with the goal of expressing a problem, proposing an answer to it (the hypothesis), and designing project experimentation. Then all of your project experimenting will be performed to test the hypothesis. The hypothesis should make a claim about how factors relate. For example, in the following sample hypothesis, the two relating factors are light and bread mold growth. Here is one example of a hypothesis for the earlier problem question:  “I believe that bread mold does not need light for reproduction on white bread. I base my hypothesis on these facts: 

1. Organisms with chlorophyll need light to survive. Molds do not have chlorophyll. 
2. In my exploratory experiment, bread mold grew on white bread kept in a dark bread box.” 
· Do state facts from past experiences or observations on which you base your hypothesis. 

· Do write down your hypothesis before beginning the project experimentation. 

· Don't change your hypothesis even if experimentation does not support it. If time permits, repeat or redesign the experiment to confirm your results. 
(2) Variance is necessary in any research study; without variance, there is nothing to test.  The purpose of research design is to control unwanted sources of variance to allow us to evaluate the effects of the independent variable.

NOTE:  Independent (or experimental) variable: There are two types of independent variables: Active and attribute. If the independent variable is an active variable then we manipulate the values of the variable to study its affect on another variable.  An attribute variable is a variable where we do not alter the variable during the study. For example, we might want to study the effect of age on weight. We cannot change a person's age, but we can study people of different ages and weights.

Dependent variable (or Criterion measure): This is the variable that is affected by the independent variable. Responsiveness to pain reduction medication is the dependent variable in a study testing a new medication. The dependent variable is dependent on the independent variable. 
Another example: If I praise you, you will probably feel good, but if I am critical of you, you will probably feel angry. My response to you is the independent variable, and your response to me is the dependent variable, because what I say influences how you respond.
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