Research Methods

Introduction

Today more than ever health professionals extensively read, participate and contribute to medical research. The world over research has become an integral part of the training that health personnel’s receive. It is important that every health professional has a basic knowledge of research methods and the vocabulary pertinent to research. This chapter aims towards providing the reader with an overview of the research methodology and hopes to guide the young researcher in appraising a scientific paper. 

Study Designs

Clinical research has been divided into two sections: experimental and observational research (non-experimental). In an experimental study, conditions (usually the treatments) are under the direct control of the investigator. These studies test the effectiveness of a treatment or intervention by comparing the outcome (for example the frequency or intensity of a point of interest) in the experimental group with the outcome in the control group. For experimental studies, one needs to distinguish whether the exposures were assigned by a truly random technique or whether some other allocation scheme was used, such as alternate assignments. 

Observational studies (non-experimental) observe something that naturally occurs over time. If the study has a comparison or control group it is termed analytical, if not then it is a descriptive study. In an analytical study, the temporal direction needs to be identified. Analytic studies examine an association between a problem of interest and other variables, and possible causative factors are examined. If the study begins with an exposure (e.g. oral contraceptives use) and follows women for a few years to measure outcomes (e.g. ovarian cancer) then it is deemed a cohort study. Cohort studies can be concurrent or non- concurrent. By contrast, if the analytical study begins with an outcome (e.g. ovarian cancer) and looks back in time for an exposure, such as use of oral contraceptives, then the study is a case- control study.

Studies without comparison groups are called descriptive studies. It describes patterns of disease, symptoms, or problems in a population. At the bottom of the research hierarchy is the case series report. When more than one patient is described, it becomes a case-series report.

If the study identifies both exposures and outcomes at one time point, it is termed cross sectional. An example would be measurement of serum cholesterol of men admitted to a hospital with myocardial infarction versus that of their next door neighbor. This type of study provides a snapshot view of the population of sick and well at one time point. 

Symptoms can be studied in both experimental and non-experimental studies. The principles of detecting, measuring, and recording symptoms are shared in all these designs. 


Analytical Studies

Analytical epidemiologic studies are most useful for testing a hypothesized association between human exposure and adverse health effects. Analytical study designs include cohort studies and case-control studies 
Cohort Study
A cohort study tracks two or more groups forward from exposure to outcome. This type of study can be done by going ahead in time (prospective cohort study) or alternatively, by going back in time to comprise the cohorts and following them up to  the present (retrospective cohort study), or ambidirectional (in either way). A cohort study is the best way to identify incidence and natural history of a disease, and can be used to examine multiple outcomes after a single exposure, especially when the exposure is rare. However this type of study is less useful for examination of rare events or those that take long time to develop. For example, a cohort study design would be useful for studying the effects of radioactive exposure on children following a radioactive accident like the Chernobyl disaster. 
The defining characteristic of all cohort studies is that they track people from exposure to outcome. Investigators doing this kind of study must, therefore, go forward in time from the present or go back in time to choose their cohorts. Hence it may be a prospective or a retrospective cohort study, sometimes called a trohoc study.  Either way, a cohort study moves from the exposure towards the outcome. For example, a prospective cohort study of the Chernobyl disaster would have started at the time of disaster and traced the different outcomes of the exposure over time in children who were almost alike except for the exposure history. Similarly, in a retrospective cohort study of the disaster the researcher would look up medical records of the time of disaster to find out the exposure status of patients admitted to a hospital and then looks up the National death registry to find out the causes of death in the exposed and unexposed.
The cohort study has important strengths and weaknesses. Because an exposure is identified at the outset, one can assume that the exposure preceded the outcome. Recall bias is less of a concern than in the case control study. The cohort study enables calculation of true incidence rates, relative risks and attributed risks. However, for the study of rare events or events that take years to develop, this type of research design can be slow to yield results and thus prohibitively expensive. Further loss to follow up is a big challenge. Without regular contact with study participants, it may not be possible to estimate when, and if, a person developed the disease of interest. To overcome this problem the investigator may use relative risk (also known as the risk ratio). An easy way to calculate that is by using a 2x2 table.
	
	Ill
	Non Ill
	Total 

	Exposed
	A
	B
	L1

	Non-Exposed
	C
	D
	L0

	Total 
	A+C
	B+D
	L1+L0


For Example, Mother-to-infant transmission of HIV during breastfeeding
	
	Infant HIV+

(Numbers)
	Infant HIV-

(Numbers)
	Total 
	Person Year of Observation

	Breastfed
	190
	310
	500
	450

	Formula fed
	100
	400
	500
	600

	Total
	290
	710
	1000
	1050


In this example, a group of 500 mother-infant who were breastfed and 500 mother-infant who were formula-fed were followed for 2 years.  During the study, 190 of the breastfed infants seroconverted, while 100 formula-fed infants seroconverted.  The 500 breastfed contributed 450 person-years of observation and the 500 formula-fed contributed 600 person-years of observation. This difference is due to loss to follow up.

Relative Risk/ Risk Ratio: A relative comparison gives information about the strength of the relationship between the exposure and disease, and is most useful for etiological research. Relative Risk = R1/R0 = (A/L1)/ (C/L0). In this example the relative risk is 1.9; or the risk of HIV transmission to infants in women who breastfed is 1.90 times that of those who formula fed their infants.

Risk Difference = R1-R0 = (A/L1) – (C/L0) It describes the disease burden associated with exposure among the study participants who are exposed. The excess rate or risk of disease among exposed population. The risk difference for this example is 0.18; or there is a 0.18 per mother infant pair excess risk attributable to breast feeding as compared to formula feeding. 

Number needed to harm: The number needed to harm (NNH) is an epidemiological measure that indicates how many patients need to be exposed to a risk-factor to cause harm in one patient that would not otherwise have been harmed. It is defined as the inverse of the attributable risk. Intuitively, the lower the number needed to harm, the worse the risk-factor. In this example, the number needed to harm is 1 / 0.18 = 6 (5.55); or 6 infants will need to be kept off breastfeeding if 1 case of breastfeeding induced HIV seroconversion is to be prevented in infant population
Odds Ratio: Odds are calculated when the sampling fraction is not known. It is defined as the probability that an event will occur divided by the probability that it will not occur. In case of a Cohort study design we calculate the disease odds ratio, or the probability of developing the outcome given that the person has been exposed.
Disease Odds Ratio = AD/BC. An odds ratio of 1 indicates that the condition or event under study is equally likely in both groups. An odds ratio greater than 1 indicates that the condition or event is more likely in the first group. And an odds ratio less than 1 indicates that the condition or event is less likely in the first group.
In this example, the odds ratio is 2.45; or the odds of seroconversion in those who are breastfed as compared to those who receive formula feeding is 2.45
	
	Ill
	Person Time
	Rate

	Exposed
	A
	PT1
	Rate1

	Non-Exposed
	C
	PT0
	Rate0

	Total 
	A+C
	PT
	Rate


Relative Rate/ Rate Ratio = Rate1/ Rate0 = (A/PT1)/ (C/ PT0).
In this example the rate ratio is 2.53; or the rate of HIV transmission to infants in women who breastfed is 2.53 times that of those who formula fed their infants. The rate ratio is a more accurate measure of association than the risk ratio since the rate ratio accounts for varying follow-up periods per the subjects.            
1. In a cohort study, the ratio of the odds of disease among exposed and unexposed is equal to the ratio of the odds of exposure among ill and non-ill

2. In a cohort study, when the disease is rare, the ratio of the odds of disease is almost equal to the relative risk
Case-control 
As discussed above, one of the drawbacks of using a cohort approach to investigate the causes of disease with low incidence is that large and lengthy studies may be required to give adequate statistical power. An alternative which avoids this difficulty is the case-control design. In a case-control study patients who have developed a disease are identified and their past exposure to suspected aetiological factors is compared with that of controls that do not have the disease. This permits estimation of odds ratios but not of attributable risk 

Case control studies are especially useful for outcomes that take a long time to develop, such as cardiovascular disease and cancer. These studies often require less time, effort, and money than would cohort studies. Control should be similar to cases in all important respects except for not having the outcome in question. Because the case-control studies lack denominators, investigators cannot calculate incidence rates, relative risks, or attributable risks. Instead, odds ratio are the measure of association used, when the outcome is uncommon (e.g. most cancers) the odds ratio provides a good proxy for the true relative risk.

From a case control study we can gather information regarding exposure between the two groups.
	
	Ill
	Person Time
	Rate

	Exposed
	a.f1
	b.f2
	N/A

	Non Exposed
	c.f1
	d.f2
	N/A

	Total
	C1.f1
	C0.f2
	N/A


Odds of exposure among cases = (a.f1)/ (c.f1)

Odds of Exposure among controls = (b.f2)/ (d.f2)

For Example, Deaths from diarrhoea among infants according to breast feeding

	
	Diarrhea
	Controls
	Total

	No Breastfeeding
	120
	136
	256

	Breastfeeding
	50
	204
	254

	Total
	170
	340
	510


In the above example, a group of 170 infants who died due to diarrhoea and 340 infants who survived to the 2nd year were analysed for history of breastfeeding. The odds ratio of exposure in this group is 3.6; or the odds of not having been breastfed are 3.6 times that among infants who died due to diarrhoea in comparison to those survived into the 2nd year.
Exposure Odds Ratio = AD/BC

1. In a case control study, the exposure-odds ratio is equal to the disease-odds ratio of the corresponding cohort

2. In a case control study, when the disease is rare, the exposure-odds ratio is almost equal to the relative risk in the corresponding cohort
Effect modification/ Interaction occur when the answer about a measure of association depends on sub groups within the population being studied. Sub-groups can be defined according to various characteristics in a population (stratification) e.g. Age, Sex, Socio-economic status. An association between a risk factor and an outcome may be studied within these various strata. In this example, the cases were stratified according to the age group into infants <1month of age and >1 month of age.
Deaths from diarrhoea according to breast feeding 

Crude Analysis; Odds Ratio: 3.6
Deaths from diarrhoea according to breast feeding 

Infants < 1 month of age; Odds Ratio: 32.4

	
	Diarrhoea
	Controls
	Total

	No Breastfeeding
	10
	3
	13

	Breastfeeding
	7
	68
	75

	Total
	17
	71
	88


Deaths from diarrhoea according to breast feeding 

Infants >= 1 month of age; Odds Ratio: 2.6






	
	Diarrhoea
	Controls
	Total

	No Breastfeeding
	110
	133
	243

	Breastfeeding
	43
	136
	179

	Total
	153
	269
	422


Hence, in this case the odds of death due to diarrhoea are much higher in neonates as compared to other infants (32.4 vs. 2.6). Hence, the protective efficacy of breastfeeding is more marked among infants under the age of one month and may correspond to a biological phenomenon that must be reported as part of the results.
Once effect modification is detected the study population is split and the results for the risk factor considered should be reported stratum by stratum
Cross Sectional

A cross-sectional study (also called a prevalence survey) measures the prevalence of a symptom, determinants of a symptom, or both, in a population at one point in time or over a short period of time. It provides a snapshot of the health experience of a population at a given time (a good example would be the national family health survey). Such information can be very useful in assessing the health status and needs of a population. It can also be used to study association between variables (for example between hemoptysis and lung cancer). The prevalence of a problem, rather than the incidence, is recorded in a cross-sectional survey, and every association should be interpreted cautiously. 
Cross sectional studies are done to examine the presence or absence of disease and the presence or absence of an exposure at a particular time. Since both exposure and outcome are ascertained at the same time, the temporal relation between the two might be unclear, and hence we cannot prove causation from these kinds of studies. For example, assume that a cross sectional study finds obesity to be more common among women with arthritis rather than without arthritis. Did the extra weight load on joints lead to arthritis, or did women with arthritis become involuntarily inactive and then obese? This type of question is unanswerable in a cross sectional study.

Other applications of cross sectional surveys lie in planning health care. For example, an occupational physician planning a coronary prevention programme might wish to know the prevalence of different risk factors in the workforce under his care so that he could tailor his intervention accordingly. 
Prevalence - Number of existing cases (old and new) in a defined population at a specified point of time

Point prevalence: Measures the frequency of disease at a given point in time

      Period prevalence - Measures the frequency of disease over a certain period
Prevalence = Incidence x duration 

Prevalence changes with duration (cure rates/ case fatality rates), incidence, detection, population migration. 
Data Analysis from a Cross Sectional Study/ Survey

	
	Ill
	Non Ill
	Total

	Exposed
	A
	B
	L1

	Non Exposed
	C
	D
	L0

	Total 
	A+C
	B+D
	A+B+C+D


Prevalence in exposed: P1, Prevalence in unexposed: P0

Prevalence Ratio = P1/ P0 = (A/L1)/ (C/L0)

Prevalence of Malaria in children with Splenomegaly in a malaria endemic region.
	
	Splenomegaly
	No Splenomegaly
	Total

	Malaria
	90
	10
	100

	No Malaria
	5
	95
	100

	Total 
	95
	105
	200


In the above example, the probability of Malaria is 18 times higher for those having splenomegaly than those not having splenomegaly.
Prevalence data can be used for assessing health care needs, Planning health services, Measure occurrence of conditions with gradual onset, Study chronic diseases, for example 
Incidence = Number of new cases in a given period in a specified population. For example, the no of diarrheal episodes in a year in children <3years of age. It measures the rapidity with which new cases are occurring in a population.
Cumulative Incidence/ Attack rate = (# of new cases/ Population at risk at the beginning). It assumes that the entire population at risk at the beginning was followed-up for the time period of observation. For example, 350 diarrheal episodes due to Rotavirus occurred in a period of 1 year in 175 children below 3 years of age. The attack rate of diarrhea due to Rotavirus in this population is 2. 
Incidence rate = (# of new cases/ Total person-time of observation). In the above example the population was observed for only 100 person- years, hence the incidence rate is 3.5.  It reflects more exactly the person-time observed.
Uses of incidence data

· Describe trends in diseases, Evaluate impact of primary prevention programmes 



Experimental Studies

In observational studies, subjects exposed to a risk factor often differ from those who are unexposed in other ways, which independently influence their risk of disease. If such confounding influences are identified in advance then allowing for them in the design and analysis of the study may be possible. There is still, however, a chance of unrecognized confounders. Experimental studies are less susceptible to confounding because the investigator determines who is exposed and who is unexposed. In particular, if exposure is allocated randomly and the number of groups or individuals randomized is large then even unrecognized confounding effects become statistically unlikely. 
An important qualification for carrying out an experimental study is the existence of “equipoise” regarding the treatment outcome. Equipoise is a state of mind characterized by legitimate uncertainty or indecision as to choice or course of action
. 
Randomized control trial

Randomized controlled trial is the only way to aviod selection and confounding biases in clinical research. It resembles the cohort study in several respects, with the important exception of randomization of participants to exposures.

As their name suggests, RCTs involve the random allocation of different interventions (treatment or placebo) to subjects. This ensures that known and unknown confounding factors are evenly distributed between treatment groups. An example would be of a randomized prevention trial to determine whether supplementation with folic acid around the period of conception would prevent neural tube defects.
Trials may be open, blind or double-blind. 

Open trial
In an open trial, the researcher knows the full details of the treatment, and so does the patient. These trials are open to challenge for bias, and they do nothing to reduce the placebo effect. However, sometimes they are unavoidable, particularly in relation to surgical techniques, where it may not be possible or ethical to hide from the patient which treatment he or she received. For example, ascertaining the efficacy of two different techniques for the management of clubfoot. One could be an early surgery and the other conservative management followed by surgery.
Blind trials
Single-blind trial
In a single-blind trial, the researcher knows the details of the treatment but the patient does not. In practice, since the researcher knows, it is possible for him to treat the patient differently or to subconsciously hint to the patient important treatment-related details, thus influencing the outcome of the study. For example two different surgical techniques for the treatment of hypospadias.
Double-blind trial
In a double-blind trial, both the person administering treatment and the patient do not know the details of the treatment. Since the person administering treatment does not know, he cannot possibly tell the patient, and cannot give in to patient pressure to give him the new treatment. Therefore double-blind trials are preferred, as they tend to give the most accurate results. In the folic acid – neural tube defect example, participants could be randomized to receive folic acid or placebo without the knowledge of the researcher.
An important phenomenon of the randomized controlled trial is the Placebo effect, which is an improvement in health in the control arm of the study which is not attributable to a medication or treatment that has been administered.  It is more important when the underlying problem has a psychological cause, for example complains suggestive of allergic reaction even when exposed to a placebo in hypersensitive children.
Intent to treat vs. Efficacy analysis

In Intent to treat analysis all individuals who are randomly allocated to a treatment are analyzed, regardless of whether they complete or even receive the treatment. It preserves the benefits of randomization, i.e. it preserves the baseline comparability of the groups for known and unknown confounders. Also, because good and poor compliers differ from one another on important prognostic factors, it helps ensure that the study results are unbiased. Thus it answers the question “How well does the treatment work among those who are offered it ?” Its alternative Efficacy analysis determines the treatment effects under ideal conditions. It compares the outcomes among people who complete the treatment A with treatment B. Thus it answers the question “How well does the treatment work among those who take the full treament as directed ?”. Thus it is a form of sub group analysis as performed in the cohort study. An example would be of a new oral drug aimed at treating pneumonia in children. This drug may be more effective than the regular drug but due to bad taste few children may complete full treatment.

All Children who took the treatment

	 
	Recovered
	Do not recover /change treatment
	Total

	New treatment
	120
	26
	146

	Regular treatment
	140
	8
	148

	Total
	260
	34
	294


Recovery ratio: 120/146 // 140/148 = 0.87
Children who completed their treatment
	
	Recovered
	Do not recover
	Total

	New treatment
	120
	2
	122

	Regular treatment
	140
	6
	146

	Total
	260
	8
	268


Recovery ratio: 120/122 // 140/146 = 1.025
Thus children who completed the new drug treatment were more likely to recover as compared to the standard treatment.
Data Analysis in Experimental studies – The information we can gain from experimental studies is the same as that from cohort studies, i.e. incidence proportion (risk), risk ratio (relative risk), and risk difference. Another important information that can be gained is the number needed to treat.
Crossover studies
Another modification of the randomised controlled trial is the crossover design. This is particularly useful when outcome is measured by reports of subjective symptoms, but it can only be applied when the effects of treatment are short lived (for example, pain relief from an analgesic).

In a crossover study, eligible patients who have consented to participate receive each treatment sequentially, often with a "wash out" period between treatments to eliminate any carry over effects. However, the order in which treatments are given is randomised so that different patients receive them in different sequence. Outcome is monitored during each period of treatment, and in this way each patient can serve as his own control.

Descriptive Studies

Descriptive studies have several important roles in medical research. They are often the first foray into a new disease or area of inquiry. Investigators do descriptive studies to describe the frequency, natural history and possible determinants of a condition. The results of these studies show how many people develop a disease or condition over time, describe the characteristics of the disease and those affected, and generate hypotheses about the cause of the disease. 

Types of Descriptive Studies

Descriptive study consist of two major groups: those that deal with individuals and those that relate to population. Studies that involve individuals are case report, the case series report, cross sectional studies, and surveillance, whereas ecological correlational studies examine populations.

Case report and case series

The difference between them being that case report describes a single case, whereas a case series present several similar cases- is to make observations about patients with defined clinical characteristics. Case report is the least publishable unit in the medical literature. It is less scientifically rigorous than clinical data involving a larger sample size. They permit discovery of new diseases and unexpected effects (adverse or beneficial) as well as the study of mechanisms, and they play an important role in medical education. Case reports and series have a high sensitivity for detecting novelty and therefore remain one of the cornerstones of medical progress; they provide many new ideas in medicine. (Vandenbroucke, 2001). For example, a clinicians , among others, reported benign hepatocellular adenomas, a rare tumour, in women who had taken oral contraceptives.

A convenient feature of case-series reports is that they can constitute the case group for a case control study, which can then explore hunches about causes of disease. It is useful in forming hypotheses, planning natural history studies, and describing clinical experience. 

These studies are also easy and inexpensive to do in clinical settings. The disadvantages are primarily that the selection of study patients may be biased, making generalization of results difficult; perhaps only the sickest or most typical cases were included in the study. 

Surveillance

Surveillance is another important type of descriptive study. Surveillance can be thought of as watchfulness over a community. A more formal definition is the ongoing systematic collection, analysis, and interpretation of health data essential to the planning, implementation and evaluation of public health practice, closely integrated with the timely dissemination of these data to those who need to know. 

Epidemiological surveillance has made important contributions to health, but none more impressive than smallpox eradication. Surveillance and containment were responsible for the elimination of small pox from the world, an extraordinary public health achievement. Whereas mass immunization of the world’s population had failed, the approach of identification of cases through surveillance and then immunization of susceptible persons in the surrounding communities stopped transmission. Without a non-human vector, the virus died out.

Ecological correlation studies

Correlational studies look for associations between exposures and outcomes in populations rather than in individuals. Because much data might already have been collected, correlational studies can be a convenient initial search hypotheses. The ecological study assesses characteristics of populations, rather than individuals, and then compares correlations of these characteristics across populations. Observing the relationship between dietary practices and incidence of malnutrition constitutes an ecological study.  

Ecological studies are valuable because they can be done easily and quickly by using population data that has already been collected and seeking correlations between potential risk factors and various disease outcomes. The major disadvantage of this kind of the study is that data for individuals are not available and there is no way to know that those with the risk factor are the ones who are actually getting the disease. Despite their limitation, ecological studies have been valuable as the first assessment of an association that was then studied using additional epidemiological designs.

The hierarchy of evidence
Research evidence can be arranged as a hierarchy.
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Establishing Causation
The goal of all these studies is to determine the relationship between the exposure and a disease with validity and precision (measure of how close an estimate is to the true value of a population parameter). Precision is the lack of random error, which leads to a false association between the exposure and disease just by ‘chance’.  Association does not systematically mean causation: Potential explanations for an association are Bias; Chance; Confounding factor. Causation is concluded only after the first three have been ruled out.

Random Error

Random error is the probability that the observed result is due to “chance”.

 It is only relevant in studies that try to establish a causal relationship and not in most observational or descriptive studies.

Bias

Definition - Systematic error in the protocol of a study that leads to a false association between the exposure and disease. Thus it is an error committed by the investigator in the design or conduct of a study.

Type of biases

· Selection biases – It is an error due to systematic differences in characteristics between those who are selected for study and those who are not.

· Observation/ Information bias – It is a flaw in measuring exposure or outcome data that results in different quality (accuracy) of information between comparison groups.  

Sources of Selection Biases

· Control selection bias – This bias would occur if the investigator does not use the same criteria to select cases and controls and these criteria were related to exposure status. It can be avoided by remembering that controls resemble cases in every manner except for disease. In the example of diarrheal deaths if cases came from lower socioeconomic status and controls from higher socioeconomic status there would be selection bias, as socioeconomic status is itself a determinant of infection rates and access to health services.
· Self Selection bias – This may arise due to refusal or agreement to participate that is related to disease or exposure.  For example if the comparison group selected for the study are mostly volunteers, they may be more aware about health issues and have very different habits from exposure group.
· Selection Bias in a Cohort study – It occurs when the choice of exposed and unexposed individuals is related to developing the outcome of interest.  For example children who go on to develop cardiac diseases in the adulthood may have more factors like poor eating habits than just lack of exercise as the cause.
Sources of Information Bias

· Recall – It occurs when the accuracy of information provided by the compared groups differ. Cases may recall exposure more than controls. For example, a case control study on intake of folic acid during conceptional period may suffer from recall bias with mothers who had children with neural tube defect recalling it more clearly than those who do not.  
· Investigator – It occurs due to systematic difference in collection/interpretation of information from study participants. For example in a study on exposure to estrogens in pregnancy and development of vaginal carcinoma in the child, the investigator may prod the mother to recall the exposure. 
· Data quality – It occurs when there is difference in quality of data among study participants. For example, better exposure data available on cases; better outcome data available on exposed. 
· Prevarication - Systematic distortion of the truth by subjects 

· Loss to follow up – This can reduce the power of the study to detect associations that are truly present.
Bias in cross sectional studies may arise because of selection into or out of the study population. For example, in a hospital survey, patients staying for a shorter period in hospital have less probability of being included in a cross-sectional survey.
Misclassification – It is the most common form of bias in epidemiological research. It means there is an error in the classification of the exposure or the disease. For example, in a case control study measuring exposure from childhood may misclassify subjects due to recall bias. 

Differential misclassification – It refers to errors on one axis (exposure or disease) that are related to the other axis (exposure or disease). For example, if there is an error in exposure classification, it is more or less likely to occur for a diseased individual rather than a nondiseased individual. It may increase or decrease the strength of association between outcome and exposure (RR or OR closer/ away from 1). An example would be the effect of childhood conduct disorder on risk for adult alcohol use disorders.  A characteristic feature of conduct disorder is lying; exposed are more likely to underreport alcohol use compared to unexposed.

Non-differential misclassification- It refers to errors on one axis that are unrelated to the other axis. For example, if there is an error in exposure classification, it occurs with equal likelihood among diseased and nondiseased individuals. It reduces the strength of association between outcome and exposure (RR or OR closer to 1). An example would be the effect of birth weight on risk of malnutrition.  The scale you use to measure weight is 500grams off.  It is 500grams off for both cases and controls.

Confounding factor 

It is the distortion of the estimated effect of an exposure on an outcome, caused by the presence of an extraneous factor associated both with the exposure and outcome but not an intermediate step in the causal pathway between exposure and outcome.  Confounding is not the fault of the investigator but rather reflects the fact that epidemiological research is conducted among free living humans with unevenly distributed characteristics.
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An example of confounding factor in the study of diarrheal deaths among infants could be contaminated feed. Infants who are not breastfed are more likely to be exposed to contamination and hence lead to higher number of diarrheal episodes. While contaminated feed is related to breastfeed (exposure) and diarrhoea (outcome) it is not related to breast milk factors (immunoglobulins, micronutrients).
A confounding factor can be controlled using several techniques, for example stratification, restriction, matching, randomization, multivariate analysis

Stratification - Sub-groups defined according to various characteristics in a population e.g. Age, Sex, Socio-economic status. In the above example we could stratify study population by socio-economic status if we suspect that contamination of feed is more likely in families with lower socio-economic status.
Restriction – It is exclusion of a variable from the study design. We could restrict the lower socio-economic status population from our study if we suspect they have higher level of contamination.
Matching – It is stratification conducted initially at the stage of the study design of a case control study. In the above example we could match each case (not received breast feed) of lower socio economic status with controls (received breast feed) from the same socio economic status.
Randomization – It is distribution of exposure of interest at random in the study population for a prospective cohort. We could randomize socio economic status in the cohort populations, if this was a prospective study.
Multivariate Analysis – It is a mathematical model used for Simultaneous adjustment of all confounding and risk factors 

External and Internal Validity

Validity is defined as the lack of bias and confounding

Internal Validity – Results of a study are said to be internally valid if the cause-effect or causal relationships can be demonstrated. A causal inference may be based on a relation when three criteria are satisfied, the "cause" precedes the "effect" in time (temporal precedence); the "cause" and the "effect" are related (covariation); and there are no plausible alternative explanations for the observed covariation (Bias, Confounding and Random error). For example, in the study on risk of HIV transmission as a result of breastfeeding, we find no confounding factor, bias or random errors then the results of the study are valid for the study population.
External Validity

External validity is the degree to which the results of a study can be generalized to groups and environments outside of the research setting. In other words, can you apply what you found in your study to other people or settings? It may be easy to generalize the results to the sampled population, but not to other populations, or at other times (future) for the sampled population. External validity depends upon similarity between the different populations. For example, if in the study on HIV transmission due to breastfeeding the study population is an accurate representation of the actual population the results would be externally valid for the actual population. There are three major threats to external validity: people, places and conditions or times. For example, it can be argued that the study sample was unique and therefore does not represent the population to which the results are generalized to. Or it could be argued that the study conditions caused your subjects to react or behave differently than they would at any other place or time
 e.g. Hawthorne Effect. For example if the HIV+ve mothers who were breastfeeding their children stopped feeding because they learnt that there was an association between breastfeeding and increased risk of HIV transmission.
Testing the Research Question

When we conduct a study, our assumption at the outset is that there is no difference between the treatment and control groups (Null Hypothesis/ Ho). At the end of the study we have to conduct a hypothesis test to evaluate that any observed difference is genuine (Alternative hypothesis/ H1) and that the null hypothesis is a matter of chance. We calculate the probability that the observed effect will occur if the null hypothesis is true. If this value (sometimes called the "p-value") is small then the result is called statistically significant and the null hypothesis is rejected in favor of the alternative hypothesis. If not, then the null hypothesis is not rejected. Incorrectly rejecting the null hypothesis is a Type I error [P (Ho rejected || Ho True) = α; the probability of detecting a significant difference when the treatments are really equally effective] ; incorrectly failing to reject it is a Type II error [P (Ho not rejected || H1 true) = β; the probability of not detecting a clinically significant difference when there really is one] . Power of a test is the probability that we reject Ho when H1 is true. 

Power = P (reject Ho|| H1 is true) = 1-β
Sampling

When we plan a study, we take a sample of the population of interest since it is impossible to include everyone in the population with the symptom of interest. Sampling is the process of selecting units (e.g., people, organizations) from a population of interest so that by studying the sample, a generalization can be made about the population that the sample was taken from.

Sampling Terminology

The group of individuals in a study is often called the study population, for example, children under 2 in Delhi. These age specific children would be our population of interest. But it would be difficult to take a sample from across all the towns and villages.  Here, there is a distinction between a theoretical population, all children under 2 in the state that you would like to generalize to, and accessible population, the population of children under 2 that are accessible to you. The listing of the accessible population from which we will draw our sample is called the sampling frame i.e. all children under 2 in selected villages or towns of Delhi. The sample of our study is the group of children we select to be in our study. Those that actually participate and complete the study are sub-sample of the sample. 

Statistical Terms in Sampling

Unit of sampling, usually people, supply us with one or more response(s), which is a specific measurement value. Looking at all responses derived from a sample, we use a statistic, which is any numerical summary measure based on data from a sample; contrasts with a parameter which is based on data from a population (Fortune, 1999)
. Examples of statistics are mean, median, mode, standard deviation etc. If one could measure an entire population, and was able to calculate the mean or any other statistic, it would be called the parameter of the population. 

The Sampling Distribution

The distribution of an infinite number of samples of the same size as the sample in a study is known as the sampling distribution. If these samples are plotted on a histogram or bar graph, most of them converge on the central values and few and fewer samples have averages away on both sides from the central value. In other words, the bar graph would be well described by the bell curve shape. The standard deviation would describe how the samples are distributed. The deviation or the spread of the scores around the average is referred to as the standard error. 
Sampling

1. Probability Sampling - probability proportional to size (PPS)

A probability sampling method is any method of sampling that utilizes some form of random selection whereby each unit has an equal chance of being selected. 

a. Simple Random Sampling

The objective of random sampling, also called simple random sampling, is to select n units out of N such that every sampling unit has an equal chance of being selected. This is usually done using a random numbers table or an algorithm on a computer. Simple random sampling is not the most statistically efficient method of sampling because you do not get good representation of subgroups in a population. 

b. Stratified Random Sampling 

Sometimes subpopulations within an entire population vary considerably (i.e by socioeconomic status). In this case, it is advantageous to sample each subpopulation (stratum) independently.  First, the subjects are divided into strata, for example corresponding to their social economic status such as low, medium or high, and then a random stratified sample of size is selected from each strata. Stratified random sampling assures that you will be able to represent not only the overall population, but also small minority groups. This sampling method will generally have more statistical precision than simple random sampling because variability within-groups is lower than the variability for the population as a whole
. This will only be true if the strata are homogeneous. 

Stratification - Sub-groups can be defined according to various characteristics in a population e.g. Age, Sex, Socio-economic status. An association between a risk factor and an outcome may be studied within these various strata

c. Systematic Random Sampling

In Systematic Random Sampling the units in the population are numbered from 1 to N and the interval size k is calculated by dividing N by n such that k=N/n.   An integer between 1 to k is randomly selected. If the selected unit is rth unit, then subsequent units in the samples are (r+ k)th, (r+2k)th, etc. For example, suppose we want to sample 100 households from a village of 2,000 households (N). Interval size k=2000/100=20. Suppose between 1 and 20 we randomly select 11 as the first unit. We would thereafter select every 20th household whereby the remaining numbers would be 31, 51, 71, and so on until we to the 100th unit.

d. Cluster Sampling

   In Cluster sampling the sampled population is divided into clusters, out of which randomly a few clusters are chosen. Now depending on the sample size and cluster population, the entire cluster may be sampled or another method of sampling such as random sampling may be used to sample within the cluster. The main advantage of this technique is that it does not involve as much travel as any other technique. However, this technique is not as precise and a larger sample has to be collected to compensate for it. This is known as “design effect”.  This method is useful when the population is dispersed over a large area and lives in clusters.

e.   Multi-Stage Sampling

When we combine sampling methods, we call this multi-stage sampling. For example, a cluster method of sampling may include a simple random sampling method. 
 Multi-stage sampling allows a rich variety of probabilistic sampling methods to be used in a wide range of social research context by combining different sampling methods. 

2. Nonprobability Sampling

Nonprobability sampling does not involve random selection, and it can be divided into two broad types: purposive or accidental. 

a. Purposive Sampling

In purposive sampling, we sample with a purpose in mind. The researcher attempts to obtain a sample that appears to him/her to be representative of the population of interest. This method can be very useful for situations where the researcher needs to reach a targeted sample quickly and where sampling for proportionality is not the primary concern
. 

· Expert Sampling 

Expert sampling, also called judgment sampling, involves assembling a sample of persons with known or demonstrable experience and expertise in some field. Depending on the topic of study, experts may be policy issue academics or devotees to a popular culture fad
. The disadvantage is that even the experts can be wrong.

·  Snowball Sampling 

In snowballing sampling, interview subjects for a statistical study are obtained from subjects already interviewed for that study. This technique is most often used with target populations made up of hard to find or inaccessible or uncooperative subjects (e.g., IV drug users). Those subjects first contacted are asked to name acquaintances, who are then approached, interviewed, and asked for additional names. In this way, a sufficient number of subjects can be accumulated to give a study adequate power
. 

b. Convenience Sampling
A convenience sample is used when you simply stop anybody in the street, a village or a health facility who is prepared to stop and answer survey questions. In other words, the sample comprises subjects who are simply available in a convenient way to the researcher. The likelihood of bias is high and no meaningful conclusions can be made from the results that you obtain. However, this method is often the only feasible one, particularly for students or others with restricted time and resources, and can legitimately be used provided its limitations are clearly understood and stated
. 

Sample size calculation

One of the most important things in designing a study is the calculation of sample size. An adequate sample size gives a reliable estimate about the population, however due to constrained resources a trade- off between reliability and possibility. A study with inadequate sample size will have inadequate power to give a reliable estimate of statistically significant association between exposure and disease. The sample size depends upon various factors, including type of data (quantitative vs. qualitative), precision, standard deviation, z = (1-()/2 percentile of a standard normal distribution, etc. 

Design effect- It is a consequence of the cluster sample design, caused by selecting subjects whose results are not independent from each others, for example; people within the same village will be usually more similar than between different villages. It leads to relative change (usually an increase) in the variance due to the use of clusters.

Design effect = Variance (cluster)/ Variance (simple random sampling)

Types of Data

When we do a research we can collect the information in the form of yes/no questions or open ended questions. Yes/No questions keep the interview to the point and can be analyzed in a similar manner using statistical software, for example STATA. This strategy is used when the underlying causes of a problem are known and they have to be quantified to arrange in an order according to importance. Structured techniques are used to collect statistical data usually in the form of tabulations. This type of data is called quantitative data. In contrast qualitative data collection relies on open ended questions to come up with underlying causes about which the interviewer may not be aware. Qualitative data usually relates to people's attitudes, feelings and behaviours. The use of qualitative data allows a rich, detailed picture to be built up about why people act in certain ways, and their feelings about these actions. Unstructured or semi-structured techniques e.g. individual depth interviews or group discussions are used to collect qualitative data. This data can also be quantified at the same time, or the results can be used to plan a quantitative data collection.

Statistical/Data Presentation Tools

Descriptive statistics enable us to understand data through summary values and graphical presentations. Descriptive statistics can be illustrated in an understandable fashion by presenting them graphically using statistical and data presentation tools. 

There are two types of data. Attribute data are countable data or data that can be put into categories: e.g., the number of people, percentage who want blue/percentage who want red/percentage who want yellow. Variable data are measurement data, based on some continuous scale: e.g., length, time, cost
.

Bar and pie charts use pictures to compare the sizes, amounts, quantities, or proportions of various items or groupings of items. If you want to show frequencies (percentages or comparative data), you would use bar, pie or pareto charts. A line graph, run charts and control charts are best for illustrating data dealing with trends over time. Histograms can be used to show variations not related to time, and scatter diagram is best for looking for associations.
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