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SFU · FACULTY OF HEALTH SCIENCES · INSTRUCTOR LESSON PLAN   ·   HSCI 341: Fundamental Epidemiological Concepts and Approaches
Lesson 7 · Measures of Association
Term week 8  ·  Three-hour session
Compute and interpret measures of association and effect, including population-level measures. This is a calculation session; clean worked numbers are in the answer key.
Learning objectives
1. Calculate and interpret the risk ratio, incidence rate ratio, and odds ratio
1. Compute risk difference, attributable fraction (exposed), and population attributable measures
1. Understand when to use each measure of association
1. Correctly distinguish between strength of association and statistical significance
1. Understand the basis for hypothesis tests and confidence intervals
Before class (flipped preparation)
Students complete the Lesson 7 module and its narrated walkthrough, attempt the in-module checks and reflection prompts, and bring their notes and term-project materials. No pre-reading beyond the module is required to follow this plan.
Session at a glance
	Time
	Block
	Focus

	0:00 – 0:10
	Arrival and retrieval warm-up
	Low-stakes retrieval on the pre-class module

	0:10 – 0:44
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:44 – 0:56
	Question-and-answer clinic
	Field the anticipated questions below

	0:56 – 1:06
	Break
	

	1:06 – 1:46
	Applied exercise
	Hands-on task with an answer key below

	1:46 – 2:34
	Capstone studio
	Supervised term-project work (see term-project document)

	2:34 – 2:39
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Which measure from which design? (10 min)
Set-up. Slide listing risk ratio, odds ratio, rate ratio.
Run it:
1. Students match each measure to the design that yields it directly (two minutes).
1. Surface with the notes.
	What to surface (facilitator notes):
1. Cohort with risk gives a risk ratio; cohort with person-time gives a rate ratio.
1. Case-control gives an odds ratio, because risk cannot be computed when cases and controls are sampled separately.
1. The design constrains which measure you can legitimately report.


2 · Co-construction review (34 min)
Activity 1: Association-measure relay
Compute together, groups  ·  18 min
Materials. A 2x2 on a slide: exposed 100 with 30 cases; unexposed 100 with 10 cases.
Run it:
1. Groups compute the risk ratio, odds ratio, and risk difference (eight minutes).
1. Groups reconcile why the odds ratio exceeds the risk ratio here.
1. Confirm with the answer key.
	Prompt to pose (read aloud):
From this 2x2, compute the risk ratio, the odds ratio, and the risk difference.


	Facilitator talking points (the content you need):
1. Risk ratio = (30/100)/(10/100) = 3.0.
1. Odds ratio = (30 x 90)/(10 x 70) = 2700/700 = 3.86.
1. Risk difference = 0.30 - 0.10 = 0.20 (20 extra cases per 100 exposed).
1. The odds ratio overstates the risk ratio when the outcome is common (here 10-30%); they converge only when the outcome is rare.


Close. Students keep the three formulas with this worked example.
Activity 2: Attributable-measure clinic
Compute and interpret, pairs  ·  16 min
Materials. The same 2x2 plus an exposure prevalence (say 40% of the population exposed).
Run it:
1. Pairs compute the attributable risk in the exposed and the population attributable fraction (eight minutes).
1. Pairs put each measure into a policy sentence.
1. Confirm with the notes.
	Prompt to pose (read aloud):
Compute the attributable risk in the exposed and the population attributable fraction, then say what each means for policy.


	Facilitator talking points (the content you need):
1. Attributable fraction in the exposed = (RR - 1)/RR = 2/3 = 67%: among exposed cases, two-thirds are attributable to the exposure.
1. Population attributable fraction depends on exposure prevalence; with 40% exposed it is roughly Pe(RR-1)/[1+Pe(RR-1)] = 0.8/1.8 = 44%.
1. Ratio measures speak to individual risk; attributable measures speak to population impact and prevention potential.


Close. Students note which measure best answers their protocol's question.
3 · Question-and-answer clinic (12 min)
Invite the points students flagged in their pre-class prep. The questions below are the ones most likely to come up; model answers follow each so you can field them cold.
Q.  When does the odds ratio approximate the risk ratio?
A.  When the outcome is rare (roughly under 10%). Then the odds and the risk are close, so their ratios are close. When the outcome is common, the odds ratio is further from 1 than the risk ratio and should not be read as a risk ratio.
Q.  What does a population attributable fraction tell me that a risk ratio does not?
A.  It tells you how much of the disease in the whole population could be prevented by removing the exposure, combining the strength of the association with how common the exposure is. A strong risk factor that is rare may have a small population impact, and vice versa.
Q.  P-value or confidence interval: which should I report?
A.  Prefer the confidence interval; it shows the estimate and its precision, and contains the p-value's information (whether the null value is inside). A p-value alone hides the effect size and precision. Never read statistical significance as practical importance.
4 · Applied exercise — Measures-of-association workshop: outbreaks and exposures (40 min)
Materials. A printed handout with three completed 2x2 tables (provided below; nothing to look up). Each table reports an exposure, an outcome, and the cell counts. A one-page formula card is included on the handout: risk = a/(a+b); RR = risk_exposed / risk_unexposed; OR = ad/bc; rate = cases/person-time; IRR = rate_exposed / rate_unexposed; RD = risk_exposed - risk_unexposed; AF in exposed = (RR-1)/RR; PAF = Pc*(RR-1)/RR where Pc is the proportion of cases who were exposed. The 95% CI uses ln(measure) +/- 1.96*SE: for RR, SE = sqrt(1/a - 1/(a+b) + 1/c - 1/(c+d)); for OR, SE = sqrt(1/a + 1/b + 1/c + 1/d); for IRR, SE = sqrt(1/cases_exp + 1/cases_unexp), then exponentiate the limits.
Task (for students). For each provided 2x2 table, compute the measures of association that the study design actually supports, attach a 95% confidence interval, and write one plain-language sentence interpreting each estimate. Decide which measures are valid for each design before you calculate.
Student instructions:
1. Label the cells a, b, c, d (a = exposed cases, b = exposed non-cases, c = unexposed cases, d = unexposed non-cases) and write the row totals.
1. Decide which measures the design supports: a closed cohort supports risk-based measures (RR, RD, AF, PAF); a person-time cohort supports the rate ratio and rate difference; a case-control study supports only the odds ratio.
1. Compute each supported point estimate using the formula card, keeping at least three decimals in intermediate steps.
1. Compute the 95% confidence interval on the log scale for each ratio measure, then exponentiate the lower and upper limits back to the original scale.
1. For attributable measures, compute the attributable fraction in the exposed as (RR-1)/RR, then the population attributable fraction as Pc*(RR-1)/RR, and cross-check the PAF against the observed and expected case counts.
1. Write one interpretation sentence per estimate, stating direction, size, and whether the CI excludes the null value (1 for ratios, 0 for differences).
1. Flag any measure you chose not to compute and state in one line why the design does not support it.
Worked example — present to students
Given. After a catered lunch, 150 guests are followed for one week. Of 60 who ate the potato salad, 36 developed gastroenteritis and 24 did not. Of 90 who did not eat it, 18 developed gastroenteritis and 72 did not. So a=36, b=24, c=18, d=72; exposed total 60, unexposed total 90, total cases 54.
Solution (walk through on the board):
1. Risks: risk in exposed = 36/60 = 0.600; risk in unexposed = 18/90 = 0.200.
1. Risk ratio = 0.600/0.200 = 3.00. Log-scale SE = sqrt(1/36 - 1/60 + 1/18 - 1/90) = sqrt(0.05556) = 0.2357; 95% CI = exp(ln 3.00 +/- 1.96*0.2357) = 1.89 to 4.76.
1. Odds ratio = (36*72)/(24*18) = 2592/432 = 6.00, with 95% CI 2.89 to 12.46. The OR (6.00) is much larger than the RR (3.00) because the outcome is common, so the OR overstates the risk ratio here.
1. Risk difference = 0.600 - 0.200 = 0.400, 95% CI 0.251 to 0.549, meaning 40 extra cases per 100 exposed guests.
1. Attributable fraction in the exposed = (3.00-1)/3.00 = 0.667: about two-thirds of illness among salad eaters is attributable to the salad.
1. PAF: proportion of cases exposed Pc = 36/54 = 0.667, so PAF = 0.667*(3.00-1)/3.00 = 0.444. Cross-check: overall cases 54; expected if everyone had the unexposed risk = 150*0.200 = 30; (54-30)/54 = 0.444, which matches.
	Answer:
Eating the potato salad tripled the risk of gastroenteritis (RR 3.0, 95% CI 1.89 to 4.76); the CI excludes 1, so the association is statistically significant. About 67% of illness in eaters and 44% of all illness in the group is attributable to the salad.


Assignment practice — hand out
Practice 1: person-time cohort (occupational dust).  A factory cohort is followed for chronic bronchitis. Workers in a high-dust area contribute 200 person-years and develop 40 new cases. Workers in a low-dust area contribute 300 person-years and develop 24 new cases.
Task.  Compute the incidence rate in each group (per 1000 person-years), the incidence rate ratio with a 95% CI, and the rate difference. Write one interpretation sentence for the rate ratio, and state in one line why a risk ratio is not the right measure for this table.
	Solution (answer key):
Rates: exposed = 40/200 = 0.200 per person-year = 200 per 1000 person-years; unexposed = 24/300 = 0.080 per person-year = 80 per 1000 person-years. IRR = 0.200/0.080 = 2.50. Log-scale SE = sqrt(1/40 + 1/24) = sqrt(0.06667) = 0.2582; 95% CI = exp(ln 2.50 +/- 1.96*0.2582) = 1.51 to 4.15. Rate difference = 200 - 80 = 120 extra cases per 1000 person-years. Interpretation: the rate of chronic bronchitis is 2.5 times higher in the high-dust area (IRR 2.5, 95% CI 1.51 to 4.15); the CI excludes 1, so the association is significant. A risk ratio is not appropriate because the denominators are person-time, not a fixed closed population followed for the same period, so we estimate a rate ratio rather than a risk ratio. Attributable fraction in the exposed = (2.5-1)/2.5 = 0.60 is an acceptable extra credit point.


Practice 2: case-control study (rare cancer).  A case-control study enrolls 100 people with a rare cancer and 100 cancer-free controls, then asks about a prior chemical exposure. Among cases, 60 were exposed and 40 were not. Among controls, 30 were exposed and 70 were not. So a=60, b=40, c=30, d=70.
Task.  Compute the odds ratio with a 95% CI and interpret it in one sentence. Then state in one line why you should not report a risk ratio, risk difference, or PAF from this 2x2 table.
	Solution (answer key):
Odds ratio = (60*70)/(40*30) = 4200/1200 = 3.50. Log-scale SE = sqrt(1/60 + 1/40 + 1/30 + 1/70) = sqrt(0.08929) = 0.2988; 95% CI = exp(ln 3.50 +/- 1.96*0.2988) = 1.95 to 6.29. Interpretation: the odds of prior exposure are 3.5 times higher in cancer cases than controls (OR 3.5, 95% CI 1.95 to 6.29); the CI excludes 1, so the association is significant, and because the cancer is rare the OR approximates the risk ratio. You must not report a risk ratio, risk difference, or PAF from these counts because the investigator fixed the number of cases and controls by sampling, so the row totals do not reflect the true frequency of disease in the source population and any risk computed from them (for example 60/90) is an artifact of the sampling ratio, not a real risk.


	What good work looks like:
Strong work matches the measure to the design before calculating: risk-based measures only for the closed cohort, rate ratio and rate difference for the person-time cohort, and the odds ratio only for the case-control study. Point estimates: worked example RR 3.0 (CI 1.89-4.76), OR 6.0, RD 0.40, AF-exposed 0.667, PAF 0.444; Practice 1 IRR 2.5 (CI 1.51-4.15), rate difference 120 per 1000 person-years; Practice 2 OR 3.5 (CI 1.95-6.29). Interpretations must name direction, size, and whether the CI excludes the null. Common errors to correct: calling the odds ratio a risk ratio in the worked cohort even though the outcome is common and the two diverge (6.0 versus 3.0); computing a risk or risk ratio from the case-control table; confusing the attributable fraction in the exposed (two-thirds) with the population attributable fraction (about 44%); and treating a CI that excludes the null as proof of a large effect rather than of statistical significance.


Debrief. The design and the outcome frequency decide which measure is honest; arithmetic is the easy part, and a confidence interval reports precision and significance, not the size of the effect.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 7 and read the milestone aloud.
1. Students specify which association measures their protocol will report and why.
1. Circulate and ask each student whether their design supports a risk ratio or only an odds ratio.
1. Mini-conference prompt: 'Does your question call for an individual-risk measure or a population-impact measure?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 7) for the brief and rubric.


Exit ticket and preview
Name the main association measure your study will report and why your design supports it. Complete the Lesson 8 module before next class.
Instructor preparation
1. Measure-and-design slide.
1. The 2x2 and exposure prevalence on slides.
1. Association worksheet and answer key on Canvas.
1. Open the term-project document to Week 7.
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