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A proper experimental design is a critical skill in statistics. Jenn, Founder Calcworkshop®, 15+ Years Experience (Licensed & Certified Teacher) Without proper controls and safeguards, unintended consequences can ruin our study and lead to wrong conclusions. So let’s dive in to see what’s this is all about! What’s the difference between an
observational study and an experimental study? An observational study is one in which investigators merely measure variables of interest without influencing the subjects. And an experiment is a study in which investigators administer some form of treatment on one or more groups? In other words, an observation is hands-off, whereas an experiment
is hands-on. So what’s the purpose of an experiment? To establish causation (i.e., cause and effect). All this means is that we wish to determine the effect an independent explanatory variable has on a dependent response variable. The explanatory variable explains a response, similar to a child falling and skins their knee and starting to cry. The child
is crying in response to falling and skinning their knee. So the explanatory variable is the fall, and the response variable is crying. Explanatory Vs Response Variable In Everyday Life Let’s look at another example. Suppose a medical journal describes two studies in which subjects who had a seizure were randomly assigned to two different treatments:
No treatment. A high dose of vitamin C. The subjects were observed for a year, and the number of seizures for each subject was recorded. Identify the explanatory variable (independent variable), response variable (dependent variable), and include the experimental units. The explanatory variable is whether the subject received either no treatment or
a high dose of vitamin C. The response variable is whether the subject had a seizure during the time of the study. The experimental units in this study are the subjects who recently had a seizure. Okay, so using the example above, notice that one of the groups did not receive treatment. This group is called a control group and acts as a baseline to see
how a new treatment differs from those who don’t receive treatment. Typically, the control group is given something called a placebo, a substance designed to resemble medicine but does not contain an active drug component. A placebo is a dummy treatment, and should not have a physical effect on a person. Before we talk about the characteristics
of a well-designed experiment, we need to discuss some things to look out for: Confounding Lurking variables Blinding Confounding happens when two explanatory variables are both associated with a response variable and also associated with each other, causing the investigator not to be able to identify their effects and the response variable
separately. A lurking variable is usually unobserved at the time of the study, which influences the association between the two variables of interest. In essence, a lurking variable is a third variable that is not measured in the study but may change the response variable. For example, a study reported a relationship between smoking and health. A study
of 1430 women were asked whether they smoked. Ten years later, a follow-up survey observed whether each woman was still alive or deceased. The researchers studied the possible link between whether a woman smoked and whether she survived the 10-year study period. They reported that: 21% of the smokers died 32% of the nonsmokers died So,
is smoking beneficial to your health, or is there something that could explain how this happened? Age! Older women are less likely to be smokers, and older women are more likely to die. Because age is a variable that influences the explanatory and response variable, it is considered a confounding variable. Looking at the diagram to the right, and
applying our example from above, the explanatory variable would be smoking habits of women and the response variable would be the mortality of women after ten years. But does smoking cause death? Notice that the lurking variable, age, can also be a contributing factor. While there is a correlation between smoking and mortality, and also a
correlation between smoking and age, we aren’t 100% sure that they are the cause of the mortality rate in women. Lurking – Confounding – Correlation – Causation Diagram Now, something important to point out is that a lurking variable is one that is not measured in the study that could influence the results. Using the example above, some other
possible lurking variables are: Diet. Exercise. Stress Level. Etc. These variables were not measured in the study but could influence smoking habits as well as mortality rates. What is important to note about the difference between confounding and lurking variables is that a confounding variable is measured in a study, while a lurking variable is not.
Additionally, correlation does not imply causation! Alright, so now it’s time to talk about blinding: single-blind, double-blind experiments, as well as the placebo effect. A single-blind experiment is when the subjects are unaware of which treatment they are receiving, but the investigator measuring the responses knows what treatments are going to
which subject. In other words, the researcher knows which individual gets the placebo and which ones receive the experimental treatment. One major pitfall for this type of design is that the researcher may consciously or unconsciously influence the subject since they know who is receiving treatment and who isn’t. A double-blind experiment is when
both the subjects and investigator do not know who receives the placebo and who receives the treatment. A double-blind model is considered the best model for clinical trials as it eliminates the possibility of bias on the part of the researcher and the possibility of producing a placebo effect from the subject. The placebo effect is when a subject has an
effect or response to a fake treatment because they “believe” that the result should occur as noted by Yale. For example, a person struggling with insomnia takes a placebo (sugar pill) but instantly falls asleep because they believe they are receiving a sleep aid like Ambien or Lunesta. Placebo Effect – Real Life Example So, what are the three primary
requirements for a well-designed experiment? Control Replicate Randomization In a controlled experiment, the researchers, or investigators, decide which subjects are assigned to a control group and which subjects are assigned to a treatment group. In doing so, we ensure that the control and treatment groups are as similar as possible, and limit
possible confounding influences such as lurking variables. A replicated experiment that is repeated on many different subjects helps reduce the chance of variation on the results. And randomization means we randomly assign subjects into control and treatment groups. When subjects are divided into control groups and treatment groups randomly,
we can use probability to predict the differences we expect to observe. If the differences between the two groups are higher than what we would expect to see naturally (by chance), we say that the results are statistically significant. For example, if it is surmised that a new medicine reduces the effects of illness from 72 hours to 71 hours, this would
not be considered statistically significant. The difference from 72 hours to 71 hours is not substantial enough to support that the observed effect was due to something other than normal random variation. Now there are two major types of designs: Completely-Randomized Design (CRD) Block Design A completely randomized design is the process of
assigning subjects to control and treatment groups using probability, as seen in the flow diagram below. Completely Randomized Design Example A block design is a research method that places subjects into groups of similar experimental units or conditions, like age or gender, and then assign subjects to control and treatment groups using
probability, as shown below. Randomized Block Design Example Additionally, a useful and particular case of a blocking strategy is something called a matched-pair design. This is when two variables are paired to control for lurking variables. For example, imagine we want to study if walking daily improved blood pressure. If the blood pressure for five
subjects is measured at the beginning of the study and then again after participating in a walking program for one month, then the observations would be considered dependent samples because the same five subjects are used in the before and after observations; thus, a matched-pair design. Please note that our video lesson will not focus on quasiexperiments. A quasi experimental design lacks random assignments; therefore, the independent variable can be manipulated prior to measuring the dependent variable, which may lead to confounding. For the sake of our lesson, and all future lessons, we will be using research methods where random sampling and experimental designs are used.
Together we will learn how to identify explanatory variables (independent variable) and response variables (dependent variables), understand and define confounding and lurking variables, see the effects of single-blind and double-blind experiments, and design randomized and block experiments. Experimental Designs – Lesson & Examples (Video) 1
hr 06 min Introduction to Video: Experiments 00:00:29 – Observational Study vs Experimental Study and Response and Explanatory Variables (Examples #1-4) Exclusive Content for Members Only 00:09:15 – Identify the response and explanatory variables and the experimental units and treatment (Examples #5-6) 00:14:47 – Introduction of lurking
variables and confounding with ice cream and homicide example 00:18:57 – Lurking variables, Confounding, Placebo Effect, Single Blind and Double Blind Experiments (Example #7) 00:27:20 – What was the placebo effect and was the experiment single or double blind? (Example #8) 00:30:36 – Characteristics of a well designed and constructed
experiment that is statistically significant 00:35:08 – Overview of Complete Randomized Design, Block Design and Matched Pair Design 00:44:23 – Design and experiment using complete randomized design or a block design (Examples #9-10) 00:56:09 – Identify the response and explanatory variables, experimental units, lurking variables, and design
an experiment to test a new drug (Example #11) Practice Problems with Step-by-Step Solutions Chapter Tests with Video Solutions Get access to all the courses and over 450 HD videos with your subscription Monthly and Yearly Plans Available Get My Subscription Now
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