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As a library, NLM provides access to scientific literature. Inclusion in an NLM database does not imply endorsement of, or agreement with, the contents by NLM or the National Institutes of Health. Learn more: PMC Disclaimer | PMC Copyright Notice This short snippet covers three important aspects related to statistics the concept of variables, the
importance, and practical aspects related to descriptive statistics and issues related to sampling types of sampling and sample size estimation.Keywords: Biostatistics, descriptive statistics, sample size, variablesWhat is a variable?[1,2] To put it in very simple terms, a variable is an entity whose value varies. A variable is an essential component of any
statistical data. It is a feature of a member of a given sample or population, which is unique, and can differ in quantity or quantity from another member of the same sample or population. Variables either are the primary quantities of interest or act as practical substitutes for the same. The importance of variables is that they help in operationalization
of concepts for data collection. For example, if you want to do an experiment based on the severity of urticaria, one option would be to measure the severity using a scale to grade severity of itching. This becomes an operational variable. For a variable to be good, it needs to have some properties such as good reliability and validity, low bias,
feasibility/practicality, low cost, objectivity, clarity, and acceptance. Variables can be classified into various ways as discussed below.A variable can collect either qualitative or quantitative data. A variable differing in quantity is called a quantitative variable (e.g., weight of a group of patients), whereas a variable differing in quality is called a
qualitative variable (e.g., the Fitzpatrick skin type)A simple test which can be used to differentiate between qualitative and quantitative variables is the subtraction test. If you can subtract the value of one variable from the other to get a meaningful result, then you are dealing with a quantitative variable (this of course will not apply to rating
scales/ranks).Discrete variables are variables in which no values may be assumed between the two given values (e.g., number of lesions in each patient in a sample of patients with urticaria).Continuous variables, on the other hand, can take any value in between the two given values (e.g., duration for which the weals last in the same sample of
patients with urticaria). One way of differentiating between continuous and discrete variables is to use the mid-way test. If, for every pair of values of a variable, a value exactly mid-way between them is meaningful, the variable is continuous. For example, two values for the time taken for a weal to subside can be 10 and 13 min. The mid-way value
would be 11.5 min which makes sense. However, for a number of weals, suppose you have a pair of values 5 and 8 the midway value would be 6.5 weals, which does not make sense.Nominal/categorical variables are, as the name suggests, variables which can be slotted into different categories (e.g., gender or type of psoriasis).Ordinal variables or
ranked variables are similar to categorical, but can be put into an order (e.g., a scale for severity of itching).In the context of an experimental study, the dependent variable (also called outcome variable) is directly linked to the primary outcome of the study. For example, in a clinical trial on psoriasis, the PASI (psoriasis area severity index) would
possibly be one dependent variable. The independent variable (sometime also called explanatory variable) is something which is not affected by the experiment itself but which can be manipulated to affect the dependent variable. Other terms sometimes used synonymously include blocking variable, covariate, or predictor variable. Confounding
variables are extra variables, which can have an effect on the experiment. They are linked with dependent and independent variables and can cause spurious association. For example, in a clinical trial for a topical treatment in psoriasis, the concomitant use of moisturizers might be a confounding variable. A control variable is a variable that must be
kept constant during the course of an experiment.Statistics can be broadly divided into descriptive statistics and inferential statistics.[3,4] Descriptive statistics give a summary about the sample being studied without drawing any inferences based on probability theory. Even if the primary aim of a study involves inferential statistics, descriptive
statistics are still used to give a general summary. When we describe the population using tools such as frequency distribution tables, percentages, and other measures of central tendency like the mean, for example, we are talking about descriptive statistics. When we use a specific statistical test (e.g., MannWhitney U-test) to compare the mean
scores and express it in terms of statistical significance, we are talking about inferential statistics. Descriptive statistics can help in summarizing data in the form of simple quantitative measures such as percentages or means or in the form of visual summaries such as histograms and box plots.Descriptive statistics can be used to describe a single
variable (univariate analysis) or more than one variable (bivariate/multivariate analysis). In the case of more than one variable, descriptive statistics can help summarize relationships between variables using tools such as scatter plots.Descriptive statistics can be broadly put under two categories:Sorting/grouping and illustration/visual
displaysSummary statistics.Sorting and grouping is most commonly done using frequency distribution tables. For continuous variables, it is generally better to use groups in the frequency table. Ideally, group sizes should be equal (except in extreme ends where open groups are used; e.g., age greater than or less than).Another form of presenting
frequency distributions is the stem and leaf diagram, which is considered to be a more accurate form of description.Suppose the weight in kilograms of a group of 10 patients is as follows:56, 34, 48, 43, 87, 78, 54, 62, 61, 59The stem records the value of the ten's place (or higher) and the leaf records the value in the one's place [Table 1].StemLeaf0-1-
2-3443 854 6 961 278879-The most common tools used for visual display include frequency diagrams, bar charts (for noncontinuous variables) and histograms (for continuous variables). Composite bar charts can be used to compare variables. For example, the frequency distribution in a sample population of males and females can be illustrated as
given in Figure 1. Composite bar chartA pie chart helps show how a total quantity is divided among its constituent variables. Scatter diagrams can be used to illustrate the relationship between two variables. For example, global scores given for improvement in a condition like acne by the patient and the doctor [Figure 2]. Scatter diagramThe main
tools used for summary statistics are broadly grouped into measures of central tendency (such as mean, median, and mode) and measures of dispersion or variation (such as range, standard deviation, and variance).Imagine that the data below represent the weights of a sample of 15 pediatric patients arranged in ascending order:30, 35, 37, 38, 38,
38, 42,42, 44, 46, 47, 48, 51, 53, 86]Just having the raw data does not mean much to us, so we try to express it in terms of some values, which give a summary of the data.The mean is basically the sum of all the values divided by the total number. In this case, we get a value of 45.The problem is that some extreme values (outliers), like '86, in this case
can skew the value of the mean. In this case, we consider other values like the median, which is the point that divides the distribution into two equal halves. It is also referred to as the 50th percentile (50% of the values are above it and 50% are below it). In our previous example, since we have already arranged the values in ascending order we find
that the point which divides it into two equal halves is the 8th value 42. In case of a total number of values being even, we choose the two middle points and take an average to reach the median.The mode is the most common data point. In our example, this would be 38. The mode as in our case may not necessarily be in the center of the
distribution.The median is the best measure of central tendency from among the mean, median, and mode. In a symmetric distribution, all three are the same, whereas in skewed data the median and mean are not the same; lie more toward the skew, with the mean lying further to the skew compared with the median. For example, in Figure 3, a right
skewed distribution is seen (direction of skew is based on the tail); data values' distribution is longer on the right-hand (positive) side than on the left-hand side. The mean is typically greater than the median in such cases. Location of mode, median, and meanThe range gives the spread between the lowest and highest values. In our previous example,
this will be 86-30 = 56.A more valuable measure is the interquartile range. A quartile is one of the values which break the distribution into four equal parts. The 25th percentile is the data point which divides the group between the first one-fourth and the last three-fourth of the data. The first one-fourth will form the first quartile. The 75th percentile
is the data point which divides the distribution into a first three-fourth and last one-fourth (the last one-fourth being the fourth quartile). The range between the 25th percentile and 75th percentile is called the interquartile range.Variance is also a measure of dispersion. The larger the variance, the further the individual units are from the mean. Let
us consider the same example we used for calculating the mean. The mean was 45.For the first value (30), the deviation from the mean will be 15; for the last value (86), the deviation will be 41. Similarly we can calculate the deviations for all values in a sample. Adding these deviations and averaging will give a clue to the total dispersion, but the
problem is that since the deviations are a mix of negative and positive values, the final total becomes zero. To calculate the variance, this problem is overcome by adding squares of the deviations. So variance would be the sum of squares of the variation divided by the total number in the population (for a sample we use n 1). To get a more realistic
value of the average dispersion, we take the square root of the variance, which is called the standard deviation.The box plot is a composite representation that portrays the mean, median, range, and the outliers [Figure 4]. Box plotSkewness is a measure of the symmetry of distribution. Basically if the distribution curve is symmetric, it looks the same
on either side of the central point. When this is not the case, it is said to be skewed. Kurtosis is a representation of outliers. Distributions with high kurtosis tend to have heavy tails indicating a larger number of outliers, whereas distributions with low kurtosis have light tails, indicating lesser outliers. There are formulas to calculate both skewness and
kurtosis [Figures 58]. Positive skew High kurtosis (positive kurtosis also called leptokurtic) Negative skew Low kurtosis (negative kurtosis also called Platykurtic)In an ideal study, we should be able to include all units of a particular population under study, something that is referred to as a census.[5,6] This would remove the chances of sampling
error (difference between the outcome characteristics in a random sample when compared with the true population values something that is virtually unavoidable when you take a random sample). However, it is obvious that this would not be feasible in most situations. Hence, we have to study a subset of the population to reach to our conclusions.
This representative subset is a sample and we need to have sufficient numbers in this sample to make meaningful and accurate conclusions and reduce the effect of sampling error.We also need to know that broadly sampling can be divided into two types probability sampling and nonprobability sampling. Examples of probability sampling include
methods such as simple random sampling (each member in a population has an equal chance of being selected), stratified random sampling (in nonhomogeneous populations, the population is divided into subgroups followed be random sampling in each subgroup), systematic (sampling is based on a systematic technique e.g., every third person is
selected for a survey), and cluster sampling (similar to stratified sampling except that the clusters here are preexisting clusters unlike stratified sampling where the researcher decides on the stratification criteria), whereas nonprobability sampling, where every unit in the population does not have an equal chance of inclusion into the sample, includes
methods such as convenience sampling (e.g., sample selected based on ease of access) and purposive sampling (where only people who meet specific criteria are included in the sample).An accurate calculation of sample size is an essential aspect of good study design. It is important to calculate the sample size much in advance, rather than have to go
for post hoc analysis. A sample size that is too less may make the study underpowered, whereas a sample size which is more than necessary might lead to a wastage of resources.We will first go through the sample size calculation for a hypothesis-based design (like a randomized control trial).The important factors to consider for sample size
calculation include study design, type of statistical test, level of significance, power and effect size, variance (standard deviation for quantitative data), and expected proportions in the case of qualitative data. This is based on previous data, either based on previous studies or based on the clinicians' experience. In case the study is something being
conducted for the first time, a pilot study might be conducted which helps generate these data for further studies based on a larger sample size). It is also important to know whether the data follow a normal distribution or not.Two essential aspects we must understand are the concept of Type I and Type II errors. In a study that compares two groups,
a null hypothesis assumes that there is no significant difference between the two groups, and any observed difference being due to sampling or experimental error. When we reject a null hypothesis, when it is true, we label it as a Type I error (also denoted as alpha, correlating with significance levels). In a Type II error (also denoted as beta), we fail
to reject a null hypothesis, when the alternate hypothesis is actually true. Type II errors are usually expressed as 1-, correlating with the power of the test. While there are no absolute rules, the minimal levels accepted are 0.05 for (corresponding to a significance level of 5%) and 0.20 for (corresponding to a minimum recommended power of 1 0.20,
or 80%).For a clinical trial, the investigator will have to decide in advance what clinically detectable change is significant (for numerical data, this is could be the anticipated outcome means in the two groups, whereas for categorical data, it could correlate with the proportions of successful outcomes in two groups.). While we will not go into details of
the formula for sample size calculation, some important points are as follows:In the context where effect size is involved, the sample size is inversely proportional to the square of the effect size. What this means in effect is that reducing the effect size will lead to an increase in the required sample size.Reducing the level of significance (alpha) or
increasing power (1-) will lead to an increase in the calculated sample size.An increase in variance of the outcome leads to an increase in the calculated sample size.A note is that for estimation type of studies/surveys, sample size calculation needs to consider some other factors too. This includes an idea about total population size (this generally does
not make a major difference when population size is above 20,000, so in situations where population size is not known we can assume a population of 20,000 or more). The other factor is the margin of error the amount of deviation which the investigators find acceptable in terms of percentages. Regarding confidence levels, ideally, a 95% confidence
level is the minimum recommended for surveys too. Finally, we need an idea of the expected/crude prevalence either based on previous studies or based on estimates.Sample size calculation also needs to add corrections for patient drop-outs/lost-to-follow-up patients and missing records. An important point is that in some studies dealing with rare
diseases, it may be difficult to achieve desired sample size. In these cases, the investigators might have to rework outcomes or maybe pool data from multiple centers. Although post hoc power can be analyzed, a better approach suggested is to calculate 95% confidence intervals for the outcome and interpret the study results based on this.Nil.There
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[PubMed] [Google Scholar]Articles from Indian Dermatology Online Journal are provided here courtesy of Wolters Kluwer -- Medknow Publications Variables are the building blocks of scientific inquiry, representing the factors or characteristics that can change or vary within an experiment or study. A deep understanding of variables is crucial for
designing, conducting, and analyzing research effectively. In this article, we break down the complex concept of variables in scientific research, offering insights into their roles and functions, along with examples of independent and dependent variables. The Role of Variables in Research In scientific research, variables serve several key functions:
Define Relationships: Variables allow researchers to investigate the relationships between different factors and characteristics, providing insights into the underlying mechanisms that drive phenomena and outcomes. Establish Comparisons: By manipulating and comparing variables, scientists can assess the impact of specific factors on the results of
an experiment or study, helping to establish cause-and-effect relationships. Facilitate Measurement: Variables serve as the basis for measurement and data collection in research, enabling researchers to quantify and analyze the changes and patterns that occur during the course of an investigation. Support Hypothesis Testing: By identifying and
examining relevant variables, scientists can develop and test hypotheses, advancing knowledge and understanding within their field. Independent and Dependent Variables At the core of any scientific investigation are two primary types of variables: independent and dependent variables. These variables are crucial for defining the relationships
between factors within an experiment or study and determining the cause-and-effect relationships that underpin scientific knowledge. Independent Variables: An independent variable is a factor or characteristic that the researcher manipulates or controls in an experiment or study. It is the presumed cause of any changes observed in the dependent
variable. In other words, the independent variable is the variable that the researcher believes will have an impact on the outcome of the study. Example: In a study investigating the effect of different levels of sunlight exposure on plant growth, the independent variable would be the amount of sunlight each plant receives. The researcher would
manipulate the sunlight exposure by placing plants in different locations or using artificial light sources to create varying levels of sunlight. Dependent Variables: A dependent variable is a factor or characteristic that the researcher measures to determine the impact of the independent variable. It is the presumed effect or outcome of the changes in
the independent variable. In essence, the dependent variable is the variable that the researcher expects to change as a result of manipulating the independent variable. Example: In the previously mentioned study on plant growth, the dependent variable would be the growth of the plants, which might be measured in terms of height, number of leaves,
or overall biomass. The researcher would collect data on these variables to determine the impact of varying sunlight exposure on plant growth. Understanding the interplay between independent and dependent variables is crucial for designing and conducting effective scientific research. By carefully selecting, manipulating, and measuring variables,
scientists can establish cause-and-effect relationships, test hypotheses, and contribute to the advancement of knowledge within their field. In conclusion, variables play a central role in scientific research, serving as the foundation for understanding and exploring the relationships between different factors and characteristics within an experiment or
study. By mastering the art of identifying and analyzing variables, scientists can develop a more comprehensive and nuanced understanding of the complex phenomena that govern the world around us. Control and Confounding Variables In addition to independent and dependent variables, researchers must also consider other types of variables that
can impact the outcome of a study: Control Variables: Control variables are factors or characteristics that the researcher keeps constant or controls to ensure that they do not influence the relationship between the independent and dependent variables. By maintaining consistent control variables, researchers can isolate the effects of the independent
variable on the dependent variable, strengthening the validity of the study. Example: In the plant growth study, the researcher might control variables such as soil type, temperature, and water supply to ensure that the observed effects on plant growth are solely due to differences in sunlight exposure. Confounding Variables: Confounding variables
are factors or characteristics that can influence the relationship between the independent and dependent variables, potentially leading to incorrect conclusions about cause-and-effect relationships. Identifying and controlling for confounding variables is crucial for ensuring the validity and reliability of research findings. Example: In the plant growth
study, an uncontrolled confounding variable could be the presence of pests that affect plant growth differently in each sunlight condition. If not accounted for, the effect of pests may be mistakenly attributed to sunlight exposure, leading to inaccurate conclusions. By understanding the different types of variables and their roles in scientific research,
scientists can develop more robust and accurate research designs, ensuring that their findings contribute meaningfully to the advancement of knowledge in their field. In summary, a firm grasp of the concept of variables in scientific research is vital for designing, conducting, and analyzing studies effectively. By comprehending the intricate interplay
between independent and dependent variables, as well as the importance of control and confounding variables, scientists can enhance the validity and reliability of their research, driving progress and innovation within their disciplines. Disclaimer: The image(s) featured in this article are for illustrative purposes only and may not directly depict the
specific concepts, situations, or individuals discussed in the content. Their purpose is to enhance the reader's understanding and visual experience. Please do not interpret the images as literal representations of the topics addressed. This key term glossary provides brief definitions for the core terms and concepts covered in Research Methods for A
Level Psychology. Don't forget to also make full use of our research methods study notes and revision quizzes to support your studies and exam revision. Aim The researchers area of interest what they are looking at (e.g. to investigate helping behaviour). Bar chart A graph that shows the data in the form of categories (e.g. behaviours observed) that
the researcher wishes to compare. Behavioural categories Key behaviours or, collections of behaviour, that the researcher conducting the observation will pay attention to and record Case study In-depth investigation of a single person, group or event, where data are gathered from a variety of sources and by using several different methods (e.g.
observations & interviews). Closed questions Questions where there are fixed choices of responses e.g. yes/no. They generate quantitative data Co-variables The variables investigated in a correlation Concurrent validity Comparing a new test with another test of the same thing to see if they produce similar results. If they do then the new test has
concurrent validity Confidentiality Unless agreed beforehand, participants have the right to expect that all data collected during a research study will remain confidential and anonymous. Confounding variable An extraneous variable that varies systematically with the IV so we cannot be sure of the true source of the change to the DV Content analysis
Technique used to analyse qualitative data which involves coding the written data into categories converting qualitative data into quantitative data. Control group A group that is treated normally and gives us a measure of how people behave when they are not exposed to the experimental treatment (e.g. allowed to sleep normally). Controlled
observation An observation study where the researchers control some variables - often takes place in laboratory setting Correlational analysis A mathematical technique where the researcher looks to see whether scores for two covariables are related Counterbalancing A way of trying to control for order effects in a repeated measures design, e.g. half
the participants do condition A followed by B and the other half do B followed by A Covert observation Also known as an undisclosed observation as the participants do not know their behaviour is being observed Critical value The value that a test statistic must reach in order for the hypothesis to be accepted. Debriefing After completing the research,
the true aim is revealed to the participant. Aim of debriefing = to return the person to the state s/he was in before they took part. Deception Involves misleading participants about the purpose of s study. Demand characteristics Occur when participants try to make sense of the research situation they are in and try to guess the purpose of the research
or try to present themselves in a good way. Dependent variable The variable that is measured to tell you the outcome. Descriptive statistics Analysis of data that helps describe, show or summarize data in a meaningful way Directional hypothesis A one-tailed hypothesis that states the direction of the difference or relationship (e.g. boys are more
helpful than girls). Dispersion measure A dispersion measure shows how a set of data is spread out, examples are the range and the standard deviation Double blind control Participants are not told the true purpose of the research and the experimenter is also blind to at least some aspects of the research design. Ecological validity The extent to which
the findings of a research study are able to be generalized to real-life settings Ethical guidelines These are provided by the BPS - they are the rules by which all psychologists should operate, including those carrying out research. Ethical issues There are 3 main ethical issues that occur in psychological research deception, lack of informed consent and
lack of protection of participants. Evaluation apprehension Participants behaviour is distorted as they fear being judged by observers Event sampling A target behaviour is identified and the observer records it every time it occurs Experimental group The group that received the experimental treatment (e.g. sleep deprivation) External validity Whether
it is possible to generalise the results beyond the experimental setting. Extraneous variable Variables that if not controlled may affect the DV and provide a false impression than an IV has produced changes when it hasnt. Face validity Simple way of assessing whether a test measures what it claims to measure which is concerned with face value e.g.
does an IQ test look like it tests intelligence. Field experiment An experiment that takes place in a natural setting where the experimenter manipulates the IV and measures the DV Histogram A graph that is used for continuous data (e.g. test scores). There should be no space between the bars, because the data is continuous. Hypothesis This is a
formal statement or prediction of what the researcher expects to find. It needs to be testable. Independent groups design An experimental design where each participants only takes part in one condition of the IV Independent variable The variable that the experimenter manipulates (changes). Inferential statistics Inferential statistics are ways of
analyzing data using statistical tests that allow the researcher to make conclusions about whether a hypothesis was supported by the results. Informed consent Psychologists should ensure that all participants are helped to understand fully all aspects of the research before they agree (give consent) to take part Inter-observer reliability The extent to
which two or more observers are observing and recording behaviour in the same way Internal validity In relation to experiments, whether the results were due to the manipulation of the IV rather than other factors such as extraneous variables or demand characteristics. Interval level data Data measured in fixed units with equal distance between
points on the scale Investigator effects These result from the effects of a researchers behaviour and characteristics on an investigation. Laboratory experiment An experiment that takes place in a controlled environment where the experimenter manipulates the IV and measures the DV Matched pairs design An experimental design where pairs of
participants are matched on important characteristics and one member allocated to each condition of the IV Mean Measure of central tendency calculated by adding all the scores in a set of data together and dividing by the total number of scores Measures of central tendency A measurement of data that indicates where the middle of the information
lies e.g. mean, median or mode Median Measure of central tendency calculated by arranging scores in a set of data from lowest to highest and finding the middle score Meta-analysis A technique where rather than conducting new research with participants, the researchers examine the results of several studies that have already been conducted
Mode Measure of central tendency which is the most frequently occurring score in a set of data Natural experiment An experiment where the change in the IV already exists rather than being manipulated by the experimenter Naturalistic observation An observation study conducted in the environment where the behaviour would normally occur
Negative correlation A relationship exists between two covariables where as one increases, the other decreases Nominal level data Frequency count data that consists of the number of participants falling into categories. (e.g. 7 people passed their driving test first time, 6 didnt). Non-directional hypothesis A two-tailed hypothesis that does not predict
the direction of the difference or relationship (e.g. girls and boys are different in terms of helpfulness). Normal distribution An arrangement of a data that is symmetrical and forms a bell shaped pattern where the mean, median and mode all fall in the centre at the highest peak Observed value The value that you have obtained from conducting your
statistical test Observer bias Occurs when the observers know the aims of the study study or the hypotheses and allow this knowledge to influence their observations Open questions Questions where there is no fixed response and participants can give any answer they like. They generate qualitative data. Operationalising variables This means clearly
describing the variables (IV and DV) in terms of how they will be manipulated (IV) or measured (DV). Opportunity sample A sampling technique where participants are chosen because they are easily available Order effects Order effects can occur in a repeated measures design and refers to how the positioning of tasks influences the outcome e.g.
practice effect or boredom effect on second task Ordinal level data Data that is capable of being out into rank order (e.g. places in a beauty contest, or ratings for attractiveness). Overt observation Also known as a disclosed observation as the participants given their permission for their behaviour to be observed Participant observation Observation
study where the researcher actually joins the group or takes part in the situation they are observing. Peer review Before going to publication, a research report is sent other psychologists who are knowledgeable in the research topic for them to review the study, and check for any problems Pilot study A small scale study conducted to ensure the
method will work according to plan. If it doesnt then amendments can be made. Positive correlation A relationship exists between two covariables where as one increases, so does the other Presumptive consent Asking a group of people from the same target population as the sample whether they would agree to take part in such a study, if yes then
presume the sample would Primary data Information that the researcher has collected him/herself for a specific purpose e.g. data from an experiment or observation Prior general consent Before participants are recruited they are asked whether they are prepared to take part in research where they might be deceived about the true purpose
Probability How likely something is to happen can be expressed as a number (0.5) or a percentage (50% change of tossing coin and getting a head) Protection of participants Participants should be protected from physical or mental health, including stress - risk of harm must be no greater than that to which they are exposed in everyday life
Qualitative data Descriptive information that is expressed in words Quantitative data Information that can be measured and written down with numbers. Quasi experiment An experiment often conducted in controlled conditions where the IV simply exists so there can be no random allocation to the conditions Questionnaire A set of written questions
that participants fill in themselves Random sampling A sampling technique where everyone in the target population has an equal chance of being selected Randomisation Refers to the practice of using chance methods (e.g. flipping a coin' to allocate participants to the conditions of an investigation Range The distance between the lowest and the
highest value in a set of scores. Range A measure of dispersion which involves subtracting the lowest score from the highest score in a set of data Reliability Whether something is consistent. In the case of a study, whether it is replicable. Repeated measures design An experimental design where each participants takes part in both/all conditions of
the IV Representative sample A sample that that closely matched the target population as a whole in terms of key variables and characteristics Retrospective consent Once the true nature of the research has been revealed, participants should be given the right to withdraw their data if they are not happy. Right to withdraw Participants should be
aware that they can leave the study at any time, even if they have been paid to take part. Sample A group of people that are drawn from the target population to take part in a research investigation Scattergram Used to plot correlations where each pair of values is plotted against each other to see if there is a relationship between them. Secondary
data Information that someone else has collected e.g. the work of other psychologists or government statistics Semi-structured interview Interview that has some pre-determined questions, but the interviewer can develop others in response to answers given by the participant Sign test A statistical test used to analyse the direction of differences of
scores between the same or matched pairs of subjects under two experimental conditions Significance If the result of a statistical test is significant it is highly unlikely to have occurred by chance Single-blind control Participants are not told the true purpose of the research Skewed distribution An arrangement of data that is not symmetrical as data is
clustered ro one end of the distribution Social desirability bias Participants behaviour is distorted as they modify this in order to be seen in a positive light. Standard deviation A measure of the average spread of scores around the mean. The greater the standard deviation the more spread out the scores are. . Standardised instructions The instructions
given to each participant are kept identical to help prevent experimenter bias. Standardised procedures In every step of the research all the participants are treated in exactly the same way and so all have the same experience. Stratified sample A sampling technique where groups of participants are selected in proportion to their frequency in the
target population Structured interview Interview where the questions are fixed and the interviewer reads them out and records the responses Structured observation An observation study using predetermined coding scheme to record the participants' behaviour Systematic sample A sampling technique where every nth person in a list of the target
population is selected Target population The group that the researchers draws the sample from and wants to be able to generalise the findings to Temporal validity Refers to how likely it is that the time period when a study was conducted has influenced the findings and whether they can be generalised to other periods in time Test-retest reliability
Involves presenting the same participants with the same test or questionnaire on two separate occasions and seeing whether there is a positive correlation between the two Thematic analysis A method for analysing qualitative data which involves identifying, analysing and reporting patterns within the data Time sampling A way of sampling the
behaviour that is being observed by recording what happens in a series of fixed time intervals. Type 1 error Is a false positive. It is where you accept the alternative/experimental hypothesis when it is false Type 2 error Is a false negative. It is where you accept the null hypothesis when it is false Unstructured interview Also know as a clinical
interview, there are no fixed questions just general aims and it is more like a conversation Unstructured observation Observation where there is no checklist so every behaviour seen is written down in an much detail as possible Validity Whether something is true measures what it sets out to measure. Volunteer sample A sampling technique where
participants put themselves forward to take part in research, often by answering an advertisement Variables are core components in research, serving as the foundation for data collection, analysis, and interpretation. They are attributes or characteristics that can vary among subjects or over time, and understanding their types is essential for any
study. Variables can be broadly classified into five main types, each with its distinct characteristics and roles within research.This classification helps researchers in designing their studies, choosing appropriate measurement techniques, and analyzing their results accurately. The five types of variables include independent variables, dependent
variables, categorical variables, continuous variables, and confounding variables. These categories not only facilitate a clearer understanding of the data but also guide the formulation of hypotheses and research methodologies.Independent variablesIndependent variables are foundational to the structure of research, serving as the factors or
conditions that researchers manipulate or vary to observe their effects on dependent variables. These variables are considered "independent" because their variation does not depend on other variables within the study. Instead, they are the cause or stimulus that directly influences the outcomes being measured. For example, in an experiment to
assess the effectiveness of a new teaching method on student performance, the teaching method applied (traditional vs. innovative) would be the independent variable.The selection of an independent variable is a critical step in research design, as it directly correlates with the study's objective to determine causality or association. Researchers must
clearly define and control these variables to ensure that observed changes in the dependent variable can be attributed to variations in the independent variable, thereby affirming the reliability of the results. In experimental research, the independent variable is what differentiates the control group from the experimental group, thereby setting the
stage for meaningful comparison and analysis.Dependent variablesDependent variables are the outcomes or effects that researchers aim to explore and understand in their studies. These variables are called "dependent" because their values depend on the changes or variations of the independent variables.Essentially, they are the responses or
results that are measured to assess the impact of the independent variable's manipulation. For instance, in a study investigating the effect of exercise on weight loss, the amount of weight lost would be considered the dependent variable, as it depends on the exercise regimen (the independent variable).The identification and measurement of the
dependent variable allow the researcher to test the hypothesis and draw conclusions from the research. It allows researchers to quantify the effect of the independent variable, providing evidence for causal relationships or associations. In experimental settings, the dependent variable is what is being tested and measured across different groups or
conditions, enabling researchers to assess the efficacy or impact of the independent variable's variation.To ensure accuracy and reliability, the dependent variable must be defined clearly and measured consistently across all participants or observations. This consistency helps in reducing measurement errors and increases the validity of the research
findings. By carefully analyzing the dependent variables, researchers can derive meaningful insights from their studies, contributing to the broader knowledge in their field.Categorical variablesCategorical variables, also known as qualitative variables, represent types or categories that are used to group observations. These variables divide data into
distinct groups or categories that lack a numerical value but hold significant meaning in research. Examples of categorical variables include gender (male, female, other), type of vehicle (car, truck, motorcycle), or marital status (single, married, divorced). These categories help researchers organize data into groups for comparison and
analysis.Categorical variables can be further classified into two subtypes: nominal and ordinal. Nominal variables are categories without any inherent order or ranking among them, such as blood type or ethnicity. Ordinal variables, on the other hand, imply a sort of ranking or order among the categories, like levels of satisfaction (high, medium, low)
or education level (high school, bachelor's, master's, doctorate).Understanding and identifying categorical variables influences the choice of statistical analysis methods. Since these variables represent categories without numerical significance, researchers employ specific statistical tests designed for a nominal or ordinal variable to draw meaningful
conclusions. Properly classifying and analyzing categorical variables allow for the exploration of relationships between different groups within the study, shedding light on patterns and trends that might not be evident with numerical data alone.Continuous variablesContinuous variables are quantitative variables that can take an infinite number of
values within a given range. These variables are measured along a continuum and can represent very precise measurements. Examples of continuous variables include height, weight, temperature, and time. Because they can assume any value within a range, continuous variables allow for detailed analysis and a high degree of accuracy in research
findings.The ability to measure continuous variables at very fine scales makes them invaluable for many types of research, particularly in the natural and social sciences. For instance, in a study examining the effect of temperature on plant growth, temperature would be considered a continuous variable since it can vary across a wide spectrum and be
measured to several decimal places.When dealing with continuous variables, researchers often use methods incorporating a particular statistical test to accommodate a wide range of data points and the potential for infinite divisibility. This includes various forms of regression analysis, correlation, and other techniques suited for modeling and
analyzing nuanced relationships between variables. The precision of continuous variables enhances the researcher's ability to detect patterns, trends, and causal relationships within the data, contributing to more robust and detailed conclusions.Confounding variablesConfounding variables are those that can cause a false association between the
independent and dependent variables, potentially leading to incorrect conclusions about the relationship being studied. These are extraneous variables that were not considered in the study design but can influence both the supposed cause and effect, creating a misleading correlation.Identifying and controlling for a confounding variable is important
in research to ensure the validity of the findings. This can be achieved through various methods, including randomization, stratification, and statistical control. Randomization helps to evenly distribute confounding variables across study groups, reducing their potential impact. Stratification involves analyzing the data within strata or layers that share
common characteristics of the confounder. Statistical control allows researchers to adjust for the effects of confounders in the analysis phase.Properly addressing confounding variables strengthens the credibility of research outcomes by clarifying the direct relationship between the dependent and independent variables, thus providing more accurate
and reliable results.Research variables is essential for conducting accurate studies. The types of research variables include independent, dependent, control, extraneous, confounding, moderating, and mediating variables, each playing a essential role in research methodology. Properly identifying variables in research, such as categorical vs.
continuous and quantitative vs. qualitative variables, ensures precise measurement. The operational definition of variables helps in defining and controlling factors, preventing errors. Recognizing examples of control variables in experiments and common variables in social science research strengthens study reliability. Mastering the role of variables
in research enhances scientific accuracy and meaningful conclusions. Variables are fundamental to any study, representing factors that researchers manipulate, measure, or control to analyze relationships and test hypotheses. Understanding their types is essential for study accuracy and reliability. The independent variable is the factor manipulated,
while the dependent variable is the outcome measured. Control variables remain constant to prevent external influences, whereas extraneous and confounding variables can unintentionally affect results. Managing these ensures valid conclusions. Moderator and mediator variables influence or explain relationships between factors. Differentiating
between moderator vs. mediator variables helps in refining study interpretations. Additionally, classifying categorical vs. continuous and quantitative vs. qualitative variables ensures proper data analysis. A clear operational definition standardizes measurement, ensuring accuracy in data collection. The right measurement scales further enhance
research precision. In quantitative research, variables are numerical and measurable, while qualitative research focuses on descriptive analysis. Latent variables represent hidden influences that can impact findings. Proper identification and control improve study reliability. Understanding the different types of variables in scientific research is
Essential for designing accurate and reliable studies. Each type plays a distinct role in shaping the outcomes and ensuring the validity of findings. Below is a detailed breakdown of the key variables used in research. Independent variables are the factors that researchers manipulate to determine their impact on other variables. These variables are
intentionally changed to observe how they influence the dependent variable. For example, in a clinical trial testing a new drug, the dosage of the drug is the independent variable, as it is controlled by the researcher to assess its effect on patient outcomes. The dependent variable is the outcome that researchers measure to see how it responds to
changes in the independent variable. It reflects the effect of the manipulation. In an educational study examining the impact of study hours on test scores, the test scores represent the dependent variable because they change based on the amount of time spent studying. Control variables remain constant throughout a study to prevent them from
influencing the results. Keeping these factors unchanged ensures that any variations in the dependent variable are solely due to the independent variable. For example, in a study on plant growth, factors like soil type, water quantity, and sunlight exposure should be kept constant to isolate the effect of the independent variable, such as fertilizer use.
These are external factors that are not intentionally studied but can still affect the dependent variable. If left uncontrolled, extraneous variables may introduce inconsistencies in research findings. For instance, in a study on employee productivity, personal stress levels or workplace distractions can act as extraneous variables that influence
performance outcomes. Confounding variables are related to both the independent and dependent variables, making it difficult to determine cause-and-effect relationships. They can distort the findings by creating false associations. For example, in a study examining the link between exercise and weight loss, dietary habits could act as a confounding
variable, as they also impact weight changes independently of exercise. Moderator variables influence the strength or direction of the relationship between independent and dependent variables. They help researchers understand when or under what conditions an effect occurs. For example, in a study on the effect of customer service quality on
customer satisfaction, income level might act as a moderator variable, altering how different income groups perceive service quality. These variables explain the process through which an independent variable affects a dependent variable. They help clarify why or how a relationship exists. For instance, in a study on education and job success, skills
development may serve as a mediator variable, explaining how higher education leads to career advancement. Latent variables are not directly observed but are inferred from measurable data. They often represent abstract concepts like intelligence, motivation, or customer satisfaction. Researchers use measurable indicators, such as test scores or
survey responses, to assess these hidden factors. For example, in psychology, anxiety is a latent variable measured through behavioral patterns and self-reported symptoms. These variables are divided into distinct groups or categories without any numerical value assigned to them. They classify data into separate groups, such as gender (male,
female, non-binary) or education level (high school, college, postgraduate). Categorical variables are useful for comparing differences between groups in a study. Continuous variables can take an infinite range of values and are measured on a scale. They allow for precise calculations and statistical analysis. Examples include height, weight,
temperature, and income, where values can fall anywhere within a range rather than being limited to fixed categories. These variables are represented by numerical values and are used in statistical analysis. They can be further classified as either discrete (countable, like the number of students in a class) or continuous (measurable, like time or
distance). Quantitative data provides objective and precise information for research. Qualitative variables describe characteristics or attributes that do not have numerical values. They are used in research to classify and categorize data based on qualities rather than numbers. For example, customer reviews describing product quality as excellent or
poor fall under qualitative variables. These variables are common in social science research where subjective experiences are analyzed. Defining variables in research methodology is important for maintaining clarity, consistency, and replicability in scientific studies. Variables serve as the foundation of any research framework, allowing researchers
to test hypotheses, establish relationships, and draw valid conclusions. Without properly identifying and categorizing variables, research findings can become unreliable, leading to inaccurate interpretations. Accurate definition and measurement of variables help maintain the integrity of a study. Researchers must clearly specify independent,
dependent, and control variables to avoid inconsistencies. For example, in a study examining the effects of exercise on mental health, defining the type, frequency, and duration of exercise ensures that findings are based on measurable and comparable data. This precision prevents misinterpretation and enhances the reliability of results. Scientific
studies often seek to determine cause-and-effect relationships between variables. Without properly defining independent and dependent variables, it becomes difficult to assess whether changes in one factor directly influence another. For instance, in medical research, identifying how a new drug (independent variable) affects blood pressure
(dependent variable) requires controlled testing to eliminate confounding variables that might distort the results. By isolating key factors, researchers can validate causal links and strengthen scientific evidence. Defining variables systematically allows researchers to compare results across different studies and analyze trends over time. In social
science research, for example, variables such as income level, education, and employment status are consistently measured to track economic trends and societal changes. A standardized approach to defining and measuring variables ensures that data from different sources can be compared effectively, contributing to broader scientific knowledge.
Improperly defined variables can introduce bias, affecting the accuracy of research outcomes. Extraneous and confounding variables can distort findings if not controlled. For example, in psychological studies on stress levels, personal lifestyle habits, diet, or sleep patterns may unintentionally influence results. Researchers must identify and account
for these factors to prevent errors that could compromise the studys validity. Properly structured variables help eliminate unwanted influences, ensuring that findings are based on genuine effects rather than external factors. Scientific studies must be replicable for their findings to be considered valid. Clearly defined variables enable other
researchers to reproduce experiments under similar conditions, ensuring that results are consistent and not merely coincidental. Additionally, well-structured variables allow researchers to generalize findings to larger populations. For example, in education research, measuring the impact of different teaching methods on student performance
requires consistent variable definitions to ensure that results can be applied across various school settings. Variables play a key role in statistical analysis, determining how data is collected, analyzed, and interpreted. Different types of variablesquantitative, qualitative, categorical, or continuousrequire specific statistical methods to extract
meaningful insights. Whether conducting regression analysis, hypothesis testing, or correlation studies, well-defined variables ensure that statistical calculations provide valid conclusions. Without clear definitions, data interpretation becomes ambiguous, reducing the studys credibility. Research variables are fundamental in various disciplines,
shaping the accuracy and validity of scientific findings. Here are some key examples across different fields: Psychology: A study on sleep duration (independent variable) and memory retention (dependent variable) may control for caffeine intake to ensure external factors do not interfere with results. Additionally, stress levels could act as a
moderating variable, influencing the strength of the relationship.Biology: Research on sunlight exposure affecting plant growth must control for soil type, water availability, and temperature fluctuations to isolate the true effect of sunlight. An extraneous variable like seasonal variation may also impact the results.Social Science: Analyzing the impact
of income level on educational achievement may consider parental education as a confounding variable, influencing both variables. Peer influence could act as a mediator variable, explaining the link between income and academic success.Medical Research: A clinical trial on a new drug and its effect on blood pressure should control for diet, exercise,
and existing conditions. The placebo effect may act as a confounding variable, affecting the perception of improvement.Environmental Science: Studying air pollution and its effect on respiratory health must account for confounders like smoking habits, genetic predisposition, and urban vs. rural living conditions. Humidity levels might act as a
moderator variable, altering the severity of pollution-related health issues. Defining and managing variables correctly allows researchers to produce reliable, replicable, and impactful findings across all scientific disciplines. Properly identifying dependent, independent, control, extraneous, and confounding variables ensures accurate interpretations,
leading to stronger conclusions and advancements in research. Properly identifying and managing variables is essential for conducting reliable and valid research. Understanding how different variables interact within a study allows researchers to minimize bias, improve accuracy, and draw meaningful conclusions. To correctly identify variables,
researchers must follow a systematic approach: The first step is establishing a well-structured research question. A clear question helps determine which factors need to be measured, manipulated, or controlled. For example, in a study on how exercise impacts mental health, its essential to specify what aspects of mental health are being measured
and how exercise is defined. Researchers must break down the study into essential components. This includes identifying the main factor being tested (independent variable), the outcome being measured (dependent variable), and other elements that might affect the results (control and confounding variables). Independent Variables: These are the
variables that researchers manipulate to observe their effect on the outcome. For instance, in a study examining the impact of dietary habits on weight loss, the type of diet followed would be the independent variable.Dependent Variables: These represent the outcome being measured. In the same example, weight loss would be the dependent
variable, as it changes based on dietary habits.Control Variables: Factors that are kept constant to prevent them from influencing results. In a weight loss study, factors like age, activity level, and pre-existing medical conditions should be controlled to ensure that differences in weight loss are due to diet alone.Confounding Variables: Variables that
can distort the relationship between independent and dependent variables. For example, metabolism rate in a weight loss study could be a confounding factor if not accounted for. Properly defining variables is essential for conducting accurate and reliable research. Mistakes in defining or handling variables can lead to flawed conclusions, reduced
validity, and inconsistent results. Below are some common errors researchers make and how to avoid them. One of the biggest mistakes in research is using vague or ambiguous definitions for variables. Without clear definitions, researchers may interpret the same variable differently, leading to inconsistent data collection and unreliable results. For
example, if a study aims to measure stress levels in college students, but does not specify how stress is quantifiedwhether through self-reported surveys, cortisol levels, or heart rate measurementsthe findings may lack consistency. Clearly define each variable with specific measurement criteria. Use standardized measurement tools or scales
whenever possible. Ensure that all researchers involved in the study use the same definitions and methods. Confounding variables are external factors that can distort the relationship between an independent and dependent variable. If researchers fail to control for these, the results may not accurately reflect the true relationship being studied. For
instance, a study examining the effect of exercise on mental health might overlook dietary habits, sleep patterns, or socioeconomic status, all of which can influence mental well-being. If these factors are not accounted for, the study may incorrectly attribute improvements in mental health solely to exercise. Identify potential confounding variables
during the research design phase. Use statistical techniques such as randomization, matching, or regression analysis to control for confounders. Where possible, include confounding variables as control variables in the study. Many researchers struggle to differentiate between moderator and mediator variables, leading to incorrect analyses.



Moderator Variables affect the strength or direction of the relationship between an independent and dependent variable. For example, in a study on work stress and job performance, social support may act as a moderator, strengthening or weakening the impact of stress on performance. Mediator Variables explain why or how an independent
variable influences a dependent variable. For example, in a study examining the effect of education on income levels, job skills acquired through education may mediate this relationship. Confusing these variables can result in incorrect interpretations and misleading conclusions. Understand whether a variable modifies (moderator) or explains
(mediator) the relationship between other variables. Use appropriate statistical models, such as moderation analysis or mediation analysis, to distinguish between the two. Clearly state the role of each variable in the research hypothesis and analysis. AspectQuantitative Research VariablesQualitative Research VariablesNature of DataNumerical,
measurable data with assigned values.Descriptive, non-numeric data representing themes or concepts.Purpose of VariablesMeasure and analyze relationships between variables.Explore patterns, meanings, and underlying factors.Types of VariablesIndependent, dependent, control, confounding, moderator, mediator.Categorical, continuous, latent,
and thematic variables.Measurement ApproachUses standardized scales, structured surveys, and statistical tools.Uses observations, interviews, and open-ended questions.Role of Independent & Dependent VariablesEstablishes cause-effect relationships by manipulating independent variables.Relationships are interpretative, without strict
causality.Control of VariablesExplicitly identified and maintained to ensure validity.Evolve based on participant perspectives, with less rigid control.Operational DefinitionsPrecisely defined with clear measurement criteria. Example: IQ scores.Conceptually defined. Example: Intelligence analyzed through problem-solving.Use of Statistical
MethodsUses regression, correlation, and hypothesis testing.Uses thematic coding, pattern recognition, and content analysis.Common Fields of ApplicationPsychology, medicine, economics, engineering, natural sciences.Sociology, anthropology, literature, cultural studies. By correctly identifying, measuring, and analyzing these elements, researchers
can ensure meaningful and valid results in any scientific study. An operational definition specifies how a variable is measured or defined within a study for consistency and accuracy. Identifying variables ensures clarity, consistency, and replicability, allowing researchers to establish relationships and analyze results effectively. Latent variables are
unobserved variables that are inferred from measurable indicators, such as intelligence or job satisfaction. By randomization, matching, standardization, and statistical control, researchers can minimize the impact of extraneous variables. In social sciences, confounding variables like income, education, and cultural background can obscure the
relationship between two variables. Quantitative research focuses on numerical variables for statistical analysis, while qualitative research explores descriptive variables for thematic understanding. Errors include unclear definitions, ignoring confounders, misclassifying variables, and failing to control extraneous factors. Control variables help isolate
the effect of the independent variable, ensuring more valid and reliable results. By clearly defining the research question, recognizing influencing factors, and categorizing them as independent, dependent, control, or confounding. Variables guide hypothesis testing, data collection, and result interpretation, making them essential for scientific
investigations. Within the context of a research investigation, concepts are generally referred to as variables. A variable is, as the name applies, something that varies. These are all examples of variables because each of these properties varies or differs from one individual to another. Age, sex, export, income and expenses, family size, country of
birth, capital expenditure, class grades, blood pressure readings, preoperative anxiety levels, eye color, and vehicle type. A variable is any property, characteristic, number, or quantity that increases or decreases over time or can take on different values (as opposed to constants, such as n, that do not vary) in different situations. When conducting
research, experiments often manipulate variables. For example, an experimenter might compare the effectiveness of four types of fertilizers. In this case, the variable is the type of fertilizers. A social scientist may examine the possible effect of early marriage on divorce. Her early marriage is variable. A business researcher may find it useful to
include the dividend in determining the share prices. Here, the dividend is the variable. Effectiveness, divorce, and share prices are variables because they also vary due to manipulating fertilizers, early marriage, and dividends. An important distinction between variables is the qualitative and quantitative variables. Qualitative variables are those that
express a qualitative attribute, such as hair color, religion, race, gender, social status, method of payment, and so on. The values of a qualitative variable do not imply a meaningful numerical ordering. The value of the variable religion (Muslim, Hindu.., etc..) differs qualitatively; no ordering of religion is implied. Qualitative variables are sometimes
referred to as categorical variables. For example, the variable sex has two distinct categories: male and female. Since the values of this variable are expressed in categories, we refer to this as a categorical variable. Similarly, the place of residence may be categorized as urban and rural and thus is a categorical variable. Categorical variables may
again be described as nominal and ordinal. Ordinal variables can be logically ordered or ranked higher or lower than another but do not necessarily establish a numeric difference between each category, such as examination grades (A+, A, B+, etc., and clothing size (Extra large, large, medium, small). Nominal variables are those that can neither be
ranked nor logically ordered, such as religion, sex, etc. A qualitative variable is a characteristic that is not capable of being measured but can be categorized as possessing or not possessing some characteristics. Quantitative variables, also called numeric variables, are those variables that are measured in terms of numbers. A simple example of a
quantitative variable is a persons age. Age can take on different values because a person can be 20 years old, 35 years old, and so on. Likewise, family size is a quantitative variable because a family might be comprised of one, two, or three members, and so on. Each of these properties or characteristics referred to above varies or differs from one
individual to another. Note that these variables are expressed in numbers, for which we call quantitative or sometimes numeric variables. A quantitative variable is one for which the resulting observations are numeric and thus possess a natural ordering or ranking. Discrete and Continuous Variables Quantitative variables are again of two types:
discrete and continuous. Variables such as some children in a household or the number of defective items in a box are discrete variables since the possible scores are discrete on the scale. For example, a household could have three or five children, but not 4.52 children. Other variables, such as time required to complete an MCQ test and waiting time
in a queue in front of a bank counter, are continuous variables. The time required in the above examples is a continuous variable, which could be, for example, 1.65 minutes or 1.6584795214 minutes. Of course, the practicalities of measurement preclude most measured variables from being continuous. A discrete variable, restricted to certain values,
usually (but not necessarily) consists of whole numbers, such as the family size and a number of defective items in a box. They are often the results of enumeration or counting. A few more examples are; The number of accidents in the twelve months. The number of mobile cards sold in a store within seven days. The number of patients admitted to a
hospital over a specified period. The number of new branches of a bank opened annually during 2001- 2007. The number of weekly visits made by health personnel in the last 12 months. A continuous variable may take on an infinite number of intermediate values along a specified interval. Examples are: The sugar level in the human body; Blood
pressure reading; Temperature; Height or weight of the human body; Rate of bank interest; Internal rate of return (IRR), Earning ratio (ER); Current ratio (CR) No matter how close two observations might be, if the instrument of measurement is precise enough, a third observation can be found, falling between the first two. A continuous variable
generally results from measurement and can assume countless values in the specified range. Dependent Variables and Independent Variable In many research settings, two specific classes of variables need to be distinguished from one another: independent variable and dependent variable. Many research studies aim to reveal and understand the
causes of underlying phenomena or problems with the ultimate goal of establishing a causal relationship between them. Look at the following statements: Low intake of food causes underweight. Smoking enhances the risk of lung cancer. Level of education influences job satisfaction. Advertisement helps in sales promotion. The drug causes
improvement of health problems. Nursing intervention causes more rapid recovery. Previous job experiences determine the initial salary. Blueberries slow down aging. The dividend per share determines share prices. In each of the above queries, we have two independent and dependent variables. In the first example, low intake of food is believed to
have caused the problem of being underweight. It is thus the so-called independent variable. Underweight is the dependent variable because we believe this problem (the problem of being underweight) has been caused by the low intake of food (the factor). Similarly, smoking, dividend, and advertisement are all independent variables, and lung
cancer, job satisfaction, and sales are dependent variables. In general, an independent variable is manipulated by the experimenter or researcher, and its effects on the dependent variable are measured. The variable that is used to describe or measure the factor that is assumed to cause or at least to influence the problem or outcome is called an
independent variable. The definition implies that the experimenter uses the independent variable to describe or explain its influence or effect of it on the dependent variable. Variability in the dependent variable is presumed to depend on variability in the independent variable. Depending on the context, an independent variable is sometimes called a
predictor variable, regressor, controlled variable, manipulated variable, explanatory variable, exposure variable (as used in reliability theory), risk factor (as used in medical statistics), feature (as used in machine learning and pattern recognition) or input variable. The explanatory variable is preferred by some authors over the independent variable
when the quantities treated as independent variables may not be statistically independent or independently manipulable by the researcher. If the independent variable is referred to as an explanatory variable, then the term response variable is preferred by some authors for the dependent variable. The variable used to describe or measure the
problem or outcome under study is called a dependent variable. In a causal relationship, the cause is the independent variable, and the effect is the dependent variable. If we hypothesize that smoking causes lung cancer, smoking is the independent variable and cancer the dependent variable. A business researcher may find it useful to include the
dividend in determining the share prices. Here dividend is the independent variable, while the share price is the dependent variable. The dependent variable usually is the variable the researcher is interested in understanding, explaining, or predicting. In lung cancer research, the carcinoma is of real interest to the researcher, not smoking behavior
per se. The independent variable is the presumed cause of, antecedent to, or influence on the dependent variable. Depending on the context, a dependent variable is sometimes called a response variable, regressand, predicted variable, measured variable, explained variable, experimental variable, responding variable, outcome variable, output
variable, or label. An explained variable is preferred by some authors over the dependent variable when the quantities treated as dependent variables may not be statistically dependent. If the dependent variable is referred to as an explained variable, then the term predictor variable is preferred by some authors for the independent variable. If an
experimenter compares an experimental treatment with a control treatment, then the independent variable (a type of treatment) has two levels: experimental and control. If an experiment were to compare five types of diets, then the independent variables (types of diet) would have five levels. In general, the number of levels of an independent
variable is the number of experimental conditions. In almost every study, we collect information such as age, sex, educational attainment, socioeconomic status, marital status, religion, place of birth, and the like. These variables are referred to as background variables. These variables are often related to many independent variables, so they indirectly
influence the problem. Hence they are called background variables. The background variables should be measured if they are important to the study. However, we should try to keep the number of background variables as few as possible in the interest of the economy. In any statement of relationships of variables, it is normally hypothesized that in
some way, the independent variable causes the dependent variable to occur. In simple relationships, all other variables are extraneous and are ignored. In actual study situations, such a simple one-to-one relationship needs to be revised to take other variables into account to explain the relationship better. This emphasizes the need to consider a
second independent variable that is expected to have a significant contributory or contingent effect on the originally stated dependent-independent relationship. Such a variable is termed a moderating variable. Suppose you are studying the impact of field-based and classroom-based training on the work performance of health and family planning
workers. You consider the type of training as the independent variable. If you are focusing on the relationship between the age of the trainees and work performance, you might use type of training as a moderating variable. Most studies concern the identification of a single independent variable and measuring its effect on the dependent variable. But
still, several variables might conceivably affect our hypothesized independent-dependent variable relationship, thereby distorting the study. These variables are referred to as extraneous variables. Extraneous variables are not necessarily part of the study. They exert a confounding effect on the dependent-independent relationship and thus need to be
eliminated or controlled for. An example may illustrate the concept of extraneous variables. Suppose we are interested in examining the relationship between the work status of mothers and breastfeeding duration. It is not unreasonable in this instance to presume that the level of education of mothers as it influences work status might have an impact
on breastfeeding duration too. Education is treated here as an extraneous variable. In any attempt to eliminate or control the effect of this variable, we may consider this variable a confounding variable. An appropriate way of dealing with confounding variables is to follow the stratification procedure, which involves a separate analysis of the different
levels of lies in confounding variables. For this purpose, one can construct two crosstables for illiterate mothers and the other for literate mothers. Suppose we find a similar association between work status and duration of breastfeeding in both the groups of mothers. In that case, we conclude that mothers educational level is not a confounding
variable. Often an apparent relationship between two variables is caused by a third variable. For example, variables X and Y may be highly correlated, but only because X causes the third variable, Z, which in turn causes Y. In this case, Z is the intervening variable. An intervening variable theoretically affects the observed phenomena but cannot be
seen, measured, or manipulated directly; its effects can only be inferred from the effects of the independent and moderating variables on the observed phenomena. We might view motivation or counseling as the intervening variable in the work-status and breastfeeding relationship. Thus, motive, job satisfaction, responsibility, behavior, and justice
are some of the examples of intervening variables. In many cases, we have good reasons to believe that the variables of interest have a relationship, but our data fail to establish any such relationship. Some hidden factors may suppress the true relationship between the two original variables. Such a factor is referred to as a suppressor variable
because it suppresses the relationship between the other two variables. The suppressor variable suppresses the relationship by being positively correlated with one of the variables in the relationship and negatively correlated with the other. The true relationship between the two variables will reappear when the suppressor variable is controlled for.
Thus, for example, low age may pull education up but income down. In contrast, a high age may pull income up but education down, effectively canceling the relationship between education and income unless age is controlled for. In dealing with relationships between variables in research, we observe a variety of dimensions in these relationships.
Positive and Negative Relationship Symmetrical Relationship Causal Relationship Linear and Non-linear Relationship Two or more variables may have a positive, negative, or no relationship. In the case of two variables, a positive relationship is one in which both variables vary in the same direction. However, they are said to have a negative
relationship when they vary in opposite directions. When a change in the other variable does not accompany the change or movement of one variable, we say that the variables in question are unrelated. For example, if an increase in wage rate accompanies ones job experience, the relationship between job experience and the wage rate is positive. If
an increase in an individuals education level decreases his desire for additional children, the relationship is negative or inverse. If the level of education does not have any bearing on the desire, we say that the variables desire for additional children and education are unrelated. Once it has been established that two variables are related, we want to
ascertain how strongly they are related. A common statistic to measure the strength of a relationship is the so-called correlation coefficient symbolized by r. r is a unit-free measure, lying between -1 and +1 inclusive, with zero signifying no linear relationship. As far as the prediction of one variable from the knowledge of the other variable is
concerned, a value of r= +1 means a 100% accuracy in predicting a positive relationship between the two variables, and a value of r = -1 means a 100% accuracy in predicting a negative relationship between the two variables. So far, we have discussed only symmetrical relationships in which a change in the other variable accompanies a change in
either variable. This relationship does not indicate which variable is the independent variable and which variable is the dependent variable. In other words, you can label either of the variables as the independent variable. Such a relationship is a symmetricalrelationship. In an asymmetrical relationship, a change in variable X (say) is accompanied by a
change in variable Y, but not vice versa. The amount of rainfall, for example, will increase productivity, but productivity will not affect the rainfall. This is an asymmetrical relationship. Similarly, the relationship between smoking and lung cancer would be asymmetrical because smoking could cause cancer, but lung cancer could not cause smoking.
Indicating a relationship between two variables does not automatically ensure that changes in one variable cause changes in another. It is, however, very difficult to establish the existence of causality between variables. While no one can ever be certain that variable A causes variable B, one can gather some evidence that increases our belief that A
leads to B. In an attempt to do so, we seek the following evidence: Is there a relationship between A and B?When such evidence exists, it indicates a possible causal link between the variables. Is the relationship asymmetrical so that a change in A results in B but not vice-versa? In other words, does A occur before B? If we find that B occurs before A,
we can have little confidence that A causes. Does a change in A result in a change in B regardless of the actions of other factors? Or, is it possible to eliminate other possible causes of B? Can one determine that C, D, and E (say) do not co-vary with B in a way that suggests possible causal connections? A linear relationship is a straight-line relationship
between two variables, where the variables vary at the same rate regardless of whether the values are low, high, or intermediate. This is in contrast with the non-linear (or curvilinear) relationships, where the rate at which one variable changes in value may differ for different values of the second variable. Whether a variable is linearly related to the
other variable or not can simply be ascertained by plotting the K values against X values. If the values, when plotted, appear to lie on a straight line, the existence of a linear relationship between X and Y is suggested. Height and weight almost always have an approximately linear relationship, while age and fertility rates have a non-linear relationship.
What is a variable within the context of a research investigation? A variable, within the context of a research investigation, refers to concepts that vary. It can be any property, characteristic, number, or quantity that can increase or decrease over time or take on different values. In research, a variable is any property or characteristic that can take on
different values. Experiments often manipulate variables to compare outcomes. For instance, an experimenter might compare the effectiveness of different types of fertilizers, where the variable is the type of fertilizers. Qualitative variables express a qualitative attribute, such as hair color or religion, and do not imply a meaningful numerical ordering.
Quantitative variables, on the other hand, are measured in terms of numbers, like a persons age or family size. Discrete variables are restricted to certain values, often whole numbers, resulting from enumeration or counting, like the number of children in a household. Continuous variables can take on an infinite number of intermediate values along a
specified interval, such as the time required to complete a test. In research, the independent variable is manipulated by the researcher to observe its effects on the dependent variable. The independent variable is the presumed cause or influence, while the dependent variable is the outcome or effect that is being measured. Background variables are
information collected in a study, such as age, sex, or educational attainment. These variables are often related to many independent variables and indirectly influence the main problem or outcome, hence they are termed background variables. A suppressor variable can suppress or hide the true relationship between two other variables. It does this by
being positively correlated with one of the variables and negatively correlated with the other. When the suppressor variable is controlled for, the true relationship between the two original variables can be observed.
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