The choice between observational studies and designed experiments depends heavily on
the research question, feasibility, and ethical considerations.

Examples of Observational Studies:

1. Approach to Observational Studies on Smoking and Lung Cancer:

1. Population Selection:

o Researchers select a large sample of individuals from the population, categorizing them based on

smoking habits (e.g., current smokers, former smokers, never smokers).
2. Data Collection:

o They gather information on smoking history (duration, intensity), demographics (age, gender),
and potentially relevant variables like diet, genetics, occupational exposure, and environmental
factors.

3. Follow-up and Outcome Measurement:

o Participants are followed over time to track incidences of lung cancer. Data on cancer diagnoses,

types, and severity are collected and analyzed.
4. Statistical Analysis:

o Statistical methods such as regression analysis are used to examine the association between
smoking and lung cancer risk while controlling for potential confounding variables (like diet and
genetics).

Challenges of Confounding Variables:

1. Confounding Variables Defined:

o Confounding variables are factors other than the exposure of interest (smoking) that are

associated with both the exposure and the outcome (lung cancer)
2. Example of Diet as a Confounder:

o Diet can influence both smoking behavior (e.g., dietary preferences may be associated with
lifestyle choices including smoking) and lung cancer risk (e.g., certain dietary components may
affect cancer development independently of smoking). If diet is not accounted for in the analysis,
it could falsely strengthen or weaken the observed association between smoking and lung cancer.

3. Example of Genetics as a Confounder:

o Genetic factors may predispose individuals both to smoking behaviors (e.g., genetic
susceptibility to addiction) and to lung cancer risk (e.g., genetic mutations affecting cancer
susceptibility). Failure to consider genetic factors could lead to incorrect conclusions about the
true relationship between smoking and lung cancer.

In conclusion, while observational studies provide valuable insights into the relationship between
smoking and lung cancer, they must rigorously account for confounding variables like diet and genetics
to draw accurate conclusions about the association between smoking and disease risk.

2. Example: Market Research: Retail Store Layout and Shopping Patterns

Imagine a retail store looking to optimize its layout to increase sales. They conduct an observational study
where they:

1. Setup: Place cameras strategically throughout the store to monitor customer movements and interactions
with products.

2. Data Collection: Record how long customers spend in different sections of the store, which aisles they
frequent the most, and which products they pick up or interact with.



3. Analysis: Analyze the data to identify patterns, such as popular pathways or areas with high dwell
times. They might also observe whether certain product placements lead to increased sales.

4. Insights: Based on observations, the store might rearrange displays, place high-demand items in high-
traffic areas or create enticing product groupings to enhance customer experience and drive sales.

Examples of Designed Experiments:
1. Example: Clinical Trial Testing a New Drug for Hypertension
Trial Design:

1. Participant Selection:

o Researchers recruit a large pool of individuals diagnosed with hypertension who meet specific
inclusion criteria (e.g., age range, severity of hypertension, absence of certain medical
conditions).

2. Random Assignment:

o Participants are randomly assigned to either the treatment group or the control group.

= Treatment Group: Receives the new drug at a specified dosage.
= Control Group: Receives a placebo
3. Blinding:

o To further minimize bias, the trial is often double-blind. This means neither the participants nor
the researchers administering the treatments know who is receiving the drug and who is
receiving the placebo until the study is completed and the data are analyzed.

4. Treatment and Monitoring:

o Participants in both groups follow the assigned treatment regimen over a specified period (e.g.,
several weeks or months).

o Throughout the trial, researchers monitored participants’ blood pressure levels, adverse
reactions, and other relevant health indicators.

5. Outcome Evaluation:

o At the end of the trial period, data from both groups are collected and analyzed statistically.
Statistical methods compare the effectiveness of the new drug (treatment group) against the
placebo (control group) in lowering blood pressure and assess any differences in side effects or
adverse events.

Importance of Random Assignment:

e Minimizes Bias: Random assignment ensures that each participant has an equal chance of being
assigned to either the treatment or control group. This reduces the likelihood that characteristics such as
age, gender, or severity of hypertension disproportionately influence the results.

o Strengthens Causality: By randomly assigning participants, researchers can more confidently attribute
any differences observed between the treatment and control groups to the effects of the drug itself, rather
than to other factors.



The Conclusion:
Observational Studies:

1. Strengths:
o Natural settings: Observational studies are conducted in real-life settings, reflecting natural
conditions and behaviors.
o Broad applicability: They can study a wide range of variables and relationships.
o Ethical considerations: Often more ethical than experiments since they involve observing rather
than manipulating subjects.
2. Weaknesses:
o Bias and confounding: Observational studies can suffer from biases due to non-random
assignment and confounding variables, making it challenging to establish causality.
o Limited control: Researchers have limited control over variables, which can affect the
reliability of findings.
o Inability to establish causation: While they can show associations, they cannot prove causation
definitively.

Designed Experiments:

1. Strengths:
o Causality: Designed experiments allow researchers to establish cause-and-effect relationships
by controlling variables and randomizing subjects.
o Precision and control: Researchers can precisely manipulate conditions and control for
confounding variables, enhancing the internal validity of results.
o Replicability: Results from experiments are often more replicable because of the controlled
conditions.
2. Weaknesses:
o Artificial settings: Findings from experiments may not always generalize to real-world settings
due to the controlled environment.
o Ethical concerns: Some experiments may raise ethical concerns, especially those involving
human subjects where manipulation might harm participants.
o Cost and feasibility: Designing and conducting experiments can be more costly and time-
consuming compared to observational studies.

Choosing Between Them:

o Research Question: If establishing causality is crucial, a designed experiment is usually preferred.

o Ethical Considerations: Observational studies might be more suitable if manipulating variables is
unethical or impractical.

o Feasibility: Consider time, budget, and access to participants. Observational studies might be more
feasible in certain contexts.

In conclusion, neither observational studies nor designed experiments are universally "better." The
choice depends on the specific research question, ethical considerations, feasibility, and the desired level
of control over variables. Often, a combination of both approaches can provide a more comprehensive
understanding of a phenomenon.



Questions for students

1. Coffee Study Scenario:

o We need to investigate the health effects of drinking coffee. Explain how an observational study
might analyze existing data from coffee drinkers versus non-drinkers, while a designed
experiment would involve randomly assigning participants to drink coffee or not over a period,
measuring health outcomes.

2. Crime Rate Analysis:
o Discuss how researchers could study factors influencing crime rates. An observational study
might analyze demographic data across different neighborhoods, while a designed experiment
could involve implementing different community policing strategies and measuring their impact.



