HSCI 230 · Instructor Lesson Plans
SFU  ·  FACULTY OF HEALTH SCIENCES  ·  INSTRUCTOR LESSON PLANS
HSCI 230: Evaluating Epidemiological Research
3 units  ·  200-level (lower division)
Fully-scripted weekly three-hour session plans for the flipped-classroom delivery of this course. Written so a colleague can teach any session cold.
How to use this guide
Each weekly plan is a teaching script. It gives the session's objectives, the pre-class preparation, a timed agenda, and then five fully-detailed blocks: a retrieval warm-up, co-construction review activities, a question-and-answer clinic, an applied exercise, and a capstone studio. Shaded boxes carry the content you need to run the room without preparation: what to surface in the warm-up, the facilitator talking points behind each activity, model answers to the likely questions, and an answer key for the applied exercise.
The capstone studio points to the term-project document for that week's milestone rather than copying it, so the plans stay correct if the project is revised. Always open the term-project document to the relevant week before the studio block.
The term runs as twelve lesson sessions, a midterm after the first six lessons (term week 7), and a final examination in the examination period. The midterm week shifts Lessons 7 to 12 into term weeks 8 to 13.
	Reading the shaded boxes:
Teal-edged green box: facilitator notes, talking points, model answers, and studio source. This is what you say and check.
Amber box: the answer key for the applied exercise, or what strong student work looks like.




Lesson 1 · Foundations of Epidemiology
Term week 1  ·  Three-hour session
Place epidemiology among the ways people come to know about health, and set the standard of evidence integrity the course will hold every study to. A substitute needs no prior epidemiology to run this; the content cues are in the facilitator notes.
Learning objectives
1. Trace the development of epidemiology from ancient plagues to modern public-health surveillance
1. Identify foundational figures, methods, and innovations that shaped the discipline
1. Critically examine the colonial, racial, and political origins of epidemiological knowledge
1. Use Actor-Network Theory to explain how scientific advances emerge from networks of people, technologies, and institutions
1. Distinguish epistemology, ontology, and axiology, and locate epidemiology among the major research paradigms
1. Evaluate the strengths and limits of Western quantitative science as a way of knowing
1. Describe how Indigenous knowledge systems, lived experience, and qualitative methods contribute to public-health evidence
1. Define research misconduct, questionable research practices, and the manufactured-doubt strategy used by industry
1. Explain the replication crisis and the open-science reforms (preregistration, registered reports, data and code sharing) it has prompted
1. Apply OCAP® and EGAP principles to evaluate the trustworthiness and ethical conduct of public-health research
Before class (flipped preparation)
Students complete the Lesson 1 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 – 0:12
	Arrival and retrieval warm-up
	Low-stakes retrieval on the pre-class module

	0:12 – 0:48
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:48 – 1:00
	Question-and-answer clinic
	Field the anticipated questions below

	1:00 – 1:10
	Break
	

	1:10 – 1:50
	Applied exercise
	Hands-on task with an answer key below

	1:50 – 2:42
	Capstone studio
	Supervised term-project work (see term-project document)

	2:42 – 2:47
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Two truths and a myth (12 min)
Set-up. Put the three statements below on a slide. Students vote by show of hands; nothing to hand out.
Run it:
1. Display: (a) When the Broad Street pump handle was removed, the cholera outbreak stopped. (b) Epidemiology began as a neutral science, free of politics. (c) Some famous early epidemiological findings were later corrected or retracted.
1. Ask students to privately decide which single statement is the myth (60 seconds).
1. Take a show of hands for each; ask one volunteer per option to defend their pick.
1. Reveal the answer and use the notes below to explain why.
	What to surface (facilitator notes):
1. (b) is the myth. Epidemiology grew out of colonial, military, and sanitary-reform agendas; its data categories often encoded the politics of their time.
1. (a) is broadly true but misleading: the outbreak was already declining when the handle came off, which previews a course theme that the timing of an intervention can fool us.
1. (c) is true and sets up the integrity-and-reform section: the field self-corrects, which is a strength, not an embarrassment.


2 · Co-construction review (36 min)
Activity 1: Ways-of-knowing panel
Jigsaw, six groups  ·  20 min
Materials. Six cards labelled clinical, biomedical/lab, social/qualitative, environmental, Indigenous/traditional, observational epidemiology. One question on the board, e.g., 'Why do rates of type 2 diabetes differ across neighbourhoods?'
Run it:
1. Assign each group one way of knowing.
1. Each group answers two questions about the board topic in five minutes: what can our way of knowing contribute, and what can it not answer?
1. Each group reports in sixty seconds while you build a two-column board: contributes / cannot answer.
	Prompt to pose (read aloud):
For your assigned way of knowing, what does it contribute to this question, and what is it blind to?


	Facilitator talking points (the content you need):
1. Clinical: sees individual cases and mechanisms; cannot see the population distribution.
1. Biomedical/lab: identifies biological pathways; misses social context.
1. Social/qualitative: surfaces meaning, lived experience, and pathways; not built for incidence estimates.
1. Environmental: links exposures to place; risks ecological inference if pushed onto individuals.
1. Indigenous/traditional: holistic, place-based, long-run knowledge; governed by community principles such as OCAP, not extractable on demand.
1. Observational epidemiology: estimates distribution and association at population scale; cannot by itself establish mechanism or meaning.
1. Land this: no single way of knowing is sufficient; epidemiology is one contributor and is strongest when it knows its limits.


Close. Leave the two-column board up; students photograph it as raw material for the Week 1 milestone map.
Activity 2: Manufactured doubt: spot the move
Paired case analysis  ·  16 min
Materials. A slide with a short paraphrased excerpt in the style of an industry doubt memo, e.g., 'The science is not settled. These studies have not proven causation. More research is needed before any action.'
Run it:
1. In pairs, students name the rhetorical moves and why each undermines fair evidence use (five minutes).
1. Pairs call out one move each; you list them on the board.
1. Connect to present-day cases: vaping, sugar, climate.
	Prompt to pose (read aloud):
Which doubt-manufacturing moves do you see here, and what would a fair scientist say instead?


	Facilitator talking points (the content you need):
1. 'More research needed' used as indefinite delay; demanding proof beyond all doubt before acting.
1. Attacking single studies instead of weighing the whole body of evidence.
1. Funding and amplifying friendly studies; emphasizing uncertainty selectively.
1. A fair reading weighs the totality of evidence and states calibrated confidence rather than waiting for certainty.


Close. Students jot the integrity red flags they will watch for when appraising their own studies.
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.  Isn't epidemiology just correlation, so it can never show causation?
A.  Association is the starting point, not the end. Across the term we build the tools (design, bias control, confounding control, and triangulation across studies) that let us reason toward causation. John Snow reasoned causally before anyone had seen the cholera microbe. Causal inference is disciplined, not forbidden.
Q.  If early findings get overturned, why trust the field at all?
A.  Because self-correction is the mechanism, not a failure of it. Knowledge accumulates in layers and gets revised. What matters is checking a study's integrity record and the weight of replicated evidence, which is exactly what this week's trust-ledger work practises.
Q.  What is OCAP and why bring it up in a methods course?
A.  OCAP (Ownership, Control, Access, Possession) is a set of First Nations principles for governing data about Indigenous communities. It matters because 'the data exist' does not mean they are yours to use. Ethical conduct includes who controls and benefits from the knowledge.
4 · Applied exercise — Trust-ledger drill: rating study integrity (40 min)
Materials. A printed handout of three study dossiers (provided below; nothing to search for). Optional only: the live Retraction Watch Database and Google Scholar if a pair wants to verify a dossier, but everything needed is on the handout.
Task (for students). Decide how far to trust a published study by reading its integrity record, not its fame. For each provided dossier (citation count, retraction/correction status, replication record, major critiques) assign a rating of Green (rely on it), Amber (use with caution), or Red (do not rely on it), and justify it in one sentence that names the deciding fact.
Student instructions:
1. Read the dossier and note the study's claim and how widely it is cited.
1. Check the integrity line: has the paper been retracted, corrected, or given an expression of concern? A full retraction is the strongest red flag.
1. Check the replication line: has the finding been independently replicated, has a replication failed, or has it never been tested?
1. Read the critique line: are there serious, specific methodological objections (tiny sample, confounding, selective reporting)?
1. Assign a rating using the rule: Green = no integrity problems and replicated or otherwise robust; Amber = no retraction but unreplicated or seriously critiqued; Red = retracted, or overturned by stronger evidence.
1. Write one sentence of justification that cites the single fact that drove your rating.
Worked example — present to students
Given. Study A (1998, high-profile medical journal). Claim: a childhood vaccine is linked to a developmental disorder. Citations: several thousand. Integrity: fully RETRACTED by the journal in 2010 after investigation found undisclosed conflicts of interest and data irregularities. Replication: large independent studies found no such link. Critiques: original sample was tiny (12 children) and selectively recruited.
Solution (walk through on the board):
1. Fame check: thousands of citations tells us the claim spread widely, not that it is sound.
1. Integrity line is decisive: the paper was fully retracted. That is the strongest possible red flag.
1. Replication line agrees: larger, independent studies did not reproduce the finding.
1. Critiques explain why it was never reliable: a sample of 12, selectively recruited, cannot support the claim.
	Answer:
Rating: RED. A retracted study contradicted by stronger evidence must not be relied on, however often it is cited. (This mirrors the real Wakefield 1998 MMR-autism case.)


Assignment practice — hand out
Practice 1: Study B.  Study B (early 2000s observational study). Claim: a hormone therapy lowers heart-disease risk in post-menopausal women; influential in clinical practice. Citations: very high. Integrity: NOT retracted. Replication: a later large randomized trial found the therapy did NOT lower (and in some groups raised) cardiovascular risk. Critiques: the observational benefit is attributed to healthy-user confounding (women who took the therapy were healthier and wealthier to begin with).
Task.  Rate Study B Green/Amber/Red and justify in one sentence naming the deciding fact.
	Solution (answer key):
AMBER overall, and effectively RED for the causal claim. Not retracted, so not Red on integrity grounds; but the headline causal claim was overturned by a randomized trial, so the observational finding is unreliable for causation. Deciding fact: a higher-quality RCT reversed it (the real HRT / Women's Health Initiative reversal), a classic case of confounding by indication/healthy-user bias.


Practice 2: Study C.  Study C (mid-20th-century cohort study). Claim: a dose-response link between smoking and lung cancer. Citations: tens of thousands. Integrity: no retraction, correction, or expression of concern. Replication: replicated across many countries and study designs over decades. Critiques: early industry-funded objections, since discredited.
Task.  Rate Study C Green/Amber/Red and justify in one sentence naming the deciding fact.
	Solution (answer key):
GREEN. No integrity problems and replicated extensively across populations and designs; the only objections came from discredited industry doubt. Deciding fact: repeated independent replication of a dose-response relationship (the smoking-lung cancer cohorts, e.g., Doll & Hill).


	What good work looks like:
There is no single correct rating, but the justification must name the deciding fact. Strong work weights a retraction or a failed high-quality replication heavily, separates 'not retracted' from 'sound', and never rates a study Red merely for being old or small. Common errors to correct: trusting a study because it is highly cited; assigning a rating with no stated reason; treating an observational reversal-by-RCT as merely Amber when the causal claim is effectively dead. The three dossiers are modelled on real, verifiable cases (Wakefield 1998; the HRT observational-versus-WHI reversal; the Doll & Hill smoking cohorts), so afterwards you can point students to the real record.


Debrief. Land the rule in one line: fame is not soundness; the integrity and replication record decide trust. In the capstone, students will verify these records themselves on Retraction Watch and Google Scholar, now that they know exactly what to look for.
5 · Capstone studio (52 min)
Run it:
1. Open the term-project document to Part 2, Week 1 and read this week's milestone aloud so everyone works from the live brief.
1. Students begin the milestone: shortlist candidate topics and start the ways-of-knowing map using the board from the panel activity.
1. Circulate and pressure-test scope with one question: 'Could you find six to ten primary studies on exactly this question?' If not, help them narrow it.
1. Mini-conference prompt for each student: 'Which way of knowing currently dominates the evidence on your topic, and which is missing?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 1) as the source of truth for the brief and rubric. Do not work from a copy, because the capstone may be revised.


Exit ticket and preview
On a slip or in the chat: name one topic you are considering and one way of knowing beyond epidemiology you will need for it. Remind students to complete the Lesson 2 module and walkthrough before next class.
Instructor preparation
1. Slide with the three warm-up statements.
1. Board question and six labelled cards for the ways-of-knowing panel.
1. Slide with the short manufactured-doubt excerpt.
1. Trust-ledger template shared on Canvas; confirm room internet access; pick the two studies in advance.
1. Open the term-project document to Week 1.


Lesson 2 · Systematic Reviews and Meta Analysis
Term week 2  ·  Three-hour session
Run the logic of a systematic review end to end and read a meta-analysis without being mesmerised by the summary diamond. No statistics background is assumed of the substitute; the forest-plot reading is fully cued below.
Learning objectives
1. Place systematic reviews and meta-analyses within the hierarchy of evidence, and explain why the pyramid is a heuristic, not a verdict
1. Use the DIKW hierarchy (data → information → knowledge → wisdom) to frame the role of evidence synthesis in public-health decision-making
1. Carry out the steps of a systematic review, from specifying the question to synthesising results
1. Complete the data-extraction process to provide data suitable for meta-analysis
1. Calculate summary estimates of effect and evaluate heterogeneity among study results
1. Choose between fixed- and random-effects models and explain when each is appropriate
1. Present and interpret forest plots and other graphical displays of meta-analysis results
1. Evaluate potential causes of heterogeneity using subgroup analysis, stratification, and meta-regression
1. Evaluate the potential impact of publication bias using funnel plots and related methods
1. Determine if results have been influenced by an individual study (sensitivity analysis)
Before class (flipped preparation)
Students complete the Lesson 2 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 – 0:48
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:48 – 1:00
	Question-and-answer clinic
	Field the anticipated questions below

	1:00 – 1:10
	Break
	

	1:10 – 1:52
	Applied exercise
	Hands-on task with an answer key below

	1:52 – 2:40
	Capstone studio
	Supervised term-project work (see term-project document)

	2:40 – 2:45
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Where does it sit? (10 min)
Set-up. Slide showing the evidence pyramid (case report, case-control/cohort, RCT, systematic review/meta-analysis) and, beside it, a short mixed list of study types.
Run it:
1. Students privately rank the listed study types on the pyramid (one minute).
1. Show of hands: can a large, well-conducted cohort ever outrank a small, flawed randomized trial?
1. Use the notes to explain why the pyramid is a heuristic.
	What to surface (facilitator notes):
1. The pyramid ranks designs by their default protection from bias, not by their truth. A rigorous cohort can beat a flawed trial.
1. Reviews and meta-analyses sit on top because they synthesize, but a meta-analysis of biased studies is itself biased: garbage in, garbage out.


2 · Co-construction review (38 min)
Activity 1: Build the review pipeline
Card sort / sequencing, in groups  ·  20 min
Materials. Envelopes of shuffled step cards: frame the question (PICO), register a protocol (PROSPERO), build the search, screen titles and abstracts then full text, extract data, assess risk of bias, synthesize or meta-analyse, rate certainty (GRADE), report (PRISMA).
Run it:
1. Groups put the cards in the order a real review follows (five minutes).
1. Reveal the canonical order and have groups self-check.
1. Discuss where bias most easily enters.
	Prompt to pose (read aloud):
Put these into the order a systematic review actually follows, and mark the single step where bias most easily sneaks in.


	Facilitator talking points (the content you need):
1. Canonical order: question, protocol/registration, search, screen, extract, risk-of-bias, synthesis, certainty rating, report.
1. Bias entry points to name: an incomplete search (language and publication bias), single-screener errors, and no protocol leading to selective outcome reporting.
1. Registration (PROSPERO) and duplicate screening exist precisely to block those.


Close. Groups photograph the ordered pipeline; it scaffolds the Week 2 search plan.
Activity 2: Read the forest
Worked interpretation, pairs  ·  18 min
Materials. A forest plot you supply: roughly six studies with odds ratios and confidence intervals, a pooled diamond, and a stated I-squared that is high (say 70%).
Run it:
1. Pairs answer four questions: what does each square and line mean, what does the diamond mean, is there heterogeneity, and would you pool with a fixed or random-effects model?
1. Take answers and correct using the notes.
1. Ask whether the pooled estimate is statistically significant and how they can tell.
	Prompt to pose (read aloud):
Interpret this forest plot: what is the pooled estimate, is it significant, and is the heterogeneity a problem?


	Facilitator talking points (the content you need):
1. Each square is a study's point estimate (its size reflects weight); the horizontal line is the confidence interval; the diamond is the pooled estimate and its interval.
1. For a ratio measure, significance means the interval does not cross 1.
1. I-squared is the share of variation due to heterogeneity rather than chance; about 25% is low, 50% moderate, 75% high. At 70% the studies disagree, so prefer random-effects and investigate causes rather than blindly pooling.


Close. Students note whether their own topic is likely to show high heterogeneity and why.
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.  Fixed or random effects: which do I choose?
A.  Fixed-effect assumes one single true effect and counts only within-study error; random-effects assumes the true effect varies across studies and adds between-study variance. Because clinical and methodological diversity is the norm, random-effects is the honest default. Fixed-effect gives narrower intervals but is only valid when every study truly estimates the same thing.
Q.  What does I-squared actually mean?
A.  It is the percentage of total variation across studies due to real heterogeneity rather than chance. Use about 25/50/75% as low/moderate/high, but always read it alongside the forest plot rather than as a hard cutoff.
Q.  Does an asymmetric funnel plot prove publication bias?
A.  No. Asymmetry is a signal, not proof. True heterogeneity, or genuinely poorer methods in small studies, can also create it. Funnel plots need at least ten studies to read responsibly.
4 · Applied exercise — Mini-synthesis from five abstracts (42 min)
Materials. A one-page handout (provided below; nothing to search for) holding five short abstracts that all address one question: in school-aged children, is higher sugar-sweetened beverage (SSB) intake associated with overweight? Each abstract gives the design, sample size, the effect estimate with a 95% interval, and one stated limitation. A blank extraction sheet with columns is also provided: study, design, sample size, effect measure, point estimate, 95% interval, direction (raises / lowers / no clear effect), key limitation.
Task (for students). Extract comparable data from the five abstracts into the sheet, decide which estimates can honestly be combined and which cannot, and write a two-sentence synthesis: one sentence on what the studies jointly support, one on the heterogeneity you see and how it shapes your confidence.
Student instructions:
1. Read all five abstracts once and identify the single question they share before extracting anything.
1. For each abstract, fill one row of the sheet: design, sample size, effect measure, point estimate, 95% interval, direction, and the stated limitation.
1. Mark which estimates use the same effect measure (odds ratio) and are therefore combinable, and flag any that use a different measure (such as a mean difference in BMI) that cannot be pooled directly.
1. Judge direction and overlap: how many intervals sit entirely above the no-effect line (OR = 1), how many cross it, and do the combinable intervals overlap each other.
1. List the most likely sources of heterogeneity you can see from the rows (design, age range, how exposure was measured, sample size).
1. Write a two-sentence calibrated synthesis: sentence one states the jointly supported direction; sentence two states the heterogeneity and your resulting confidence (for example low, moderate, or high), naming the deciding feature.
1. Read your two sentences aloud to a neighbouring group and revise once based on their critique of your calibration.
Worked example — present to students
Given. Three prospective cohort studies of children ask whether higher SSB intake predicts later overweight, each reporting an adjusted odds ratio (highest vs lowest intake) with a 95% interval. Study P: n = 9,200, OR 1.20 (1.05 to 1.37). Study Q: n = 640, OR 1.55 (1.10 to 2.18). Study R: n = 7,800, OR 1.10 (0.95 to 1.27). All three adjusted for baseline weight and parental education.
Solution (walk through on the board):
1. All three use the same measure (an adjusted OR for the same exposure contrast), so they are combinable on one scale.
1. Direction: all three point estimates exceed 1, so every study leans toward higher SSB intake being associated with more overweight.
1. Intervals: P (1.05 to 1.37) and Q (1.10 to 2.18) sit entirely above 1; R (0.95 to 1.27) crosses 1, so R alone is not statistically clear. The three intervals overlap each other, which signals broad agreement.
1. Heterogeneity: the point estimates differ (1.10 to 1.55), and the widest, most extreme one (Q, OR 1.55) comes from much the smallest sample (n = 640), so its imprecision likely explains part of the spread rather than a true larger effect.
1. Calibration: three small-to-large cohorts agreeing in direction support a positive association, but one crosses the null and the spread is partly driven by a small noisy study, so confidence is moderate, not high.
	Answer:
All three cohorts point the same way: higher SSB intake is associated with greater odds of overweight in children. The estimates vary modestly (OR 1.10 to 1.55) with the largest value from the smallest study and one interval crossing the null, so the pooled signal is consistent but the strength is uncertain and confidence is moderate.


Assignment practice — hand out
Practice 1: pooling four trial odds ratios.  Four randomised trials test whether a structured exercise programme reduces the odds of clinically meaningful depressive symptoms at 12 weeks versus usual care, each reporting an OR (lower than 1 favours exercise) with a 95% interval. Trial W: n = 410, OR 0.70 (0.55 to 0.89). Trial X: n = 520, OR 0.82 (0.66 to 1.02). Trial Y: n = 180, OR 0.60 (0.40 to 0.90). Trial Z: n = 95, OR 0.55 (0.28 to 1.08).
Task.  Extract the four rows, state which intervals exclude the null and which cross it, then write a two-sentence synthesis stating the jointly supported direction and your confidence with the deciding feature named.
	Solution (answer key):
Extraction: all four are ORs for the same contrast, so they are combinable. Direction: all four point estimates are below 1 (0.55 to 0.82), so every trial favours exercise. Intervals excluding 1: W (0.55 to 0.89) and Y (0.40 to 0.90) are entirely below 1; X (0.66 to 1.02) and Z (0.28 to 1.08) cross 1, and Z is the smallest and noisiest (n = 95, widest interval). The four intervals overlap heavily, indicating low heterogeneity. Model sentence one: across four trials a structured exercise programme is consistently associated with lower odds of depressive symptoms (OR roughly 0.6 to 0.8). Model sentence two: the estimates agree closely and overlap, with the only null-crossing intervals coming from the two smallest trials, so confidence is moderate to high and the main caveat is small-trial imprecision rather than disagreement in direction. (For reference, an inverse-variance pool of W, X, Y gives OR about 0.74, 95% CI 0.64 to 0.86, with low heterogeneity, I-squared near 4 percent.)


Practice 2: spotting an incompatible measure.  Three studies ask whether maternal smoking in pregnancy is associated with low birth weight. Study D: case-control, n = 1,200, OR 2.10 (1.40 to 3.15) for low birth weight (yes/no). Study E: cohort, n = 3,400, OR 1.80 (1.20 to 2.70) for low birth weight (yes/no). Study F: cohort, n = 2,000, reports a mean birth-weight difference of -180 grams (95% CI -250 to -110) in exposed versus unexposed, with no odds ratio given.
Task.  Extract the three rows, decide which estimates can be combined on one scale and which cannot and why, then write a two-sentence synthesis that respects that limit.
	Solution (answer key):
Extraction: D and E both report an OR for the same binary outcome and are combinable; F reports a mean difference in grams, a different measure on a different scale, so it cannot be pooled directly with the ORs without transformation and should be reported separately as supporting evidence. Direction: D and E both have ORs above 1 with intervals entirely above 1 (1.40 to 3.15 and 1.20 to 2.70), and F shows a clearly negative weight difference whose interval excludes zero, so all three agree that smoking is associated with lower birth weight. Model sentence one: maternal smoking in pregnancy is consistently associated with higher odds of low birth weight (two studies, OR about 1.8 to 2.1) and with a lower mean birth weight (about 180 grams), so the direction is robust across measures. Model sentence two: confidence is moderate to high because all intervals exclude the null and agree in direction, but the two ORs and the gram-scale difference cannot be combined into one pooled number, so they are synthesised qualitatively rather than as a single estimate. (For reference, pooling only the two compatible ORs, D and E, gives OR about 1.94, 95% CI 1.46 to 2.59, with negligible heterogeneity.)


	What good work looks like:
There is no single correct wording, but a strong synthesis (1) pulls the same effect measure across studies and refuses to merge an odds ratio with a mean difference, (2) reports direction and interval overlap rather than just counting significant results, and (3) lands a calibrated confidence level that names the deciding feature, for example 'consistent direction but spread driven by a small study, so moderate confidence.' Watch for three errors: combining incompatible measures into one claim (the birth-weight grams with the odds ratios), reading a single null-crossing interval as proof of no effect when the other studies and the overlap point the same way, and writing an over-confident 'this proves' synthesis from a handful of small observational studies. The numbers in the worked example and assignments are internally consistent (a fixed-effect inverse-variance pool of the SSB cohorts gives OR about 1.18, 95% CI 1.07 to 1.30, I-squared about 41 percent), so you can show the formal pooled figure after groups present their plain-language version.


Debrief. Land the rule in one line: synthesis means combining only what is comparable, then stating direction and confidence in calibrated language; this two-sentence product is the seed of the Week 2 Systematic Search and Synthesis Plan milestone.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 2 and read the milestone aloud.
1. Students draft their mini-review and a first search string, reusing the extraction sheet from the applied block.
1. Circulate and check that every claim in the draft is tied to a named source.
1. Mini-conference prompt: 'Which databases and search terms will you use, and could a classmate rerun your search exactly?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 2) for the brief and rubric; treat it as the source of truth.


Exit ticket and preview
Write your review question in PICO form (population, exposure/intervention, comparison, outcome) and name one database you will search. Complete the Lesson 3 module before next class.
Instructor preparation
1. Evidence-pyramid slide and the mixed study-type list.
1. Printed step cards in envelopes for the pipeline sort.
1. A forest plot with a high I-squared on a slide.
1. Five abstracts and the extraction template on Canvas.
1. Open the term-project document to Week 2.


Lesson 3 · Introduction to Observational Studies
Term week 3  ·  Three-hour session
Classify the observational designs and judge when a descriptive or cross-sectional study is the right tool, and when it cannot answer the question. The substitute can run this from the cues below without prior design training.
Learning objectives
1. Differentiate between descriptive and explanatory studies
1. Differentiate between experimental and observational studies
1. Describe the three main elements of the unified approach to observational study design
1. Describe the advantages and limitations of case reports, case-series reports, and surveys
1. Design a cross-sectional study accounting for its strengths and weaknesses
1. Identify circumstances where a cross-sectional study is appropriate
1. List three approaches for obtaining incidence estimates from cross-sectional prevalence data
1. Differentiate between repeated cross-sectional studies and following a cohort in a longitudinal study
1. Apply the STROBE checklist to reporting a cross-sectional study
Before class (flipped preparation)
Students complete the Lesson 3 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 – 0:46
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:46 – 0:58
	Question-and-answer clinic
	Field the anticipated questions below

	0:58 – 1:08
	Break
	

	1:08 – 1:48
	Applied exercise
	Hands-on task with an answer key below

	1:48 – 2:36
	Capstone studio
	Supervised term-project work (see term-project document)

	2:36 – 2:41
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Four studies, two questions (10 min)
Set-up. Slide with four one-line study descriptions (mix of descriptive vs explanatory and observational vs experimental).
Run it:
1. For each study, students decide two things: is it descriptive or explanatory, and is it observational or experimental (two minutes).
1. Poll each; resolve disagreements using the notes.
	What to surface (facilitator notes):
1. Descriptive answers who, what, where, when (distribution); explanatory tests a hypothesised cause-effect relationship.
1. Experimental means the investigator assigns the exposure; observational means nature or choice assigns it.
1. A study can be observational and explanatory (a cohort testing a hypothesis), so the two axes are independent.


2 · Co-construction review (36 min)
Activity 1: Design classification card sort
Card sort, pairs  ·  18 min
Materials. Cards naming designs (case report, case series, cross-sectional/survey, case-control, cohort, ecological, randomized trial) and a grid drawn on the board.
Run it:
1. Pairs place each design by two features: does the investigator assign exposure, and does the design follow people over time?
1. Pairs defend the two hardest placements to a neighbouring pair.
1. Build the consensus grid on the board.
	Prompt to pose (read aloud):
Sort these designs by whether the investigator assigns the exposure and whether the design follows people over time.


	Facilitator talking points (the content you need):
1. Only the randomized trial assigns exposure; all the others are observational.
1. Cohort follows people forward over time; case-control looks back from outcome to exposure; cross-sectional is a snapshot with no time direction.
1. Ecological uses group-level data, not individuals, which sets up Lesson 6.


Close. Keep the grid on the board; students will revisit it through Lessons 4 to 6.
Activity 2: Cross-sectional build and the prevalence trap
Small-group design, then discussion  ·  18 min
Materials. One prompt question on the board, e.g., 'What share of first-year students have untreated dental decay, and is it linked to insurance status?'
Run it:
1. Groups design a quick cross-sectional study for the prompt: who, sampled how, measuring what, at one time point (six minutes).
1. Each group states one thing the design can establish and one it cannot.
1. Introduce why a snapshot struggles with cause and with fast-moving disease.
	Prompt to pose (read aloud):
Design a one-snapshot study to answer this, then tell me what it can and cannot establish.


	Facilitator talking points (the content you need):
1. Cross-sectional measures prevalence and can show association, but cannot establish that exposure preceded outcome (temporality).
1. It misses short or rapidly fatal conditions, because prevalence reflects both incidence and duration.
1. Three routes to incidence from prevalence: repeat the survey over time, use prevalence with average duration (P is roughly incidence times duration in steady state), or follow a cohort instead.


Close. Students note whether any of their candidate evidence is cross-sectional and what that limits.
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.  Prevalence vs incidence: why does the difference matter so much?
A.  Incidence is the rate of new cases over time; prevalence is the share of existing cases at a moment. Prevalence equals incidence times average duration in steady state, so a high prevalence can reflect either many new cases or a long-lasting condition. Confusing them leads to wrong conclusions about risk and about what an intervention changed.
Q.  Why can't a cross-sectional study show causation?
A.  It measures exposure and outcome at the same instant, so you usually cannot tell which came first. Reverse causation is wide open: the outcome may have changed the exposure. It is excellent for describing distribution and generating hypotheses, not for confirming cause.
Q.  What is STROBE and do students need to memorise it?
A.  STROBE is a reporting checklist for observational studies (cohort, case-control, cross-sectional). They do not memorise it; they use it as a lens to ask whether a paper reported what it should have. We apply it today on a real report.
4 · Applied exercise — STROBE spot-check: auditing a cross-sectional report (40 min)
Materials. A one-page excerpt from a (fictional, self-contained) cross-sectional report is provided below, together with a trimmed ten-item STROBE checklist. Nothing needs to be searched for; the excerpt and checklist are all you need.

EXCERPT — "Sleep duration and self-reported anxiety among undergraduates: a cross-sectional survey."
Methods (verbatim): "We posted a link to an online questionnaire on three university social-media pages in March 2024. The first 500 students who responded were included. The questionnaire asked how many hours they usually sleep and whether they 'often feel anxious' (yes/no). We compared the proportion reporting anxiety between students sleeping under 6 hours and those sleeping 6 hours or more."
Results (verbatim): "Of 500 respondents, 220 reported sleeping under 6 hours. Anxiety was reported by 132 of the 220 short sleepers (60%) and by 84 of the 280 longer sleepers (30%). The difference was statistically significant. We conclude that short sleep causes anxiety in undergraduates and recommend campus sleep programmes."

TRIMMED 10-ITEM STROBE CHECKLIST.
1. Title/abstract states design (cross-sectional).
2. Background/objectives stated.
3. Setting, locations, and dates given.
4. Source population and how participants were selected (sampling frame).
5. Eligibility criteria.
6. Variables clearly defined (exposure and outcome).
7. Measurement: how exposure and outcome were measured (validity).
8. Response rate / number approached vs. included.
9. Results: numbers and an appropriate effect measure with precision.
10. Limitations, including direction of potential bias and reverse causation.
Task (for students). Audit the provided excerpt against the ten-item STROBE checklist. Mark each item as Met, Missing, or Fudged, then name the single omission that most threatens the study's credibility and state the specific bias it hides.
Student instructions:
1. Read the excerpt once for the claim, then re-read the Methods for how participants were found and how sleep and anxiety were measured.
1. Go through the ten checklist items in order. For each, write Met, Missing, or Fudged, with a four-to-six word reason drawn from the excerpt.
1. Flag any item where wording sounds complete but hides a gap (for example, '500 respondents' given with no count of how many were approached is a Fudged item 8).
1. Check item 10 specifically: does the report acknowledge that anxious students might sleep less (reverse causation), or that a social-media convenience sample is not the source population?
1. Across your Missing and Fudged items, pick the single one that most undermines the causal conclusion and name the bias it conceals.
1. Write a one-sentence verdict in the form: 'The most damaging omission is X, because it hides Y.'
1. Compare verdicts with a neighbouring group and reconcile any disagreement about which omission ranks first.
Worked example — present to students
Given. A cross-sectional report studies whether vitamin use is associated with self-rated health. Methods: "We surveyed 300 shoppers leaving a health-food store on weekday mornings, asking whether they take daily vitamins and to rate their health as good or poor." Results: "240 of 300 took vitamins; 90% of vitamin users rated their health good versus 55% of non-users. Vitamins improve health." The report gives no source population, no count of people approached, and no limitations.
Solution (walk through on the board):
1. Item 3 (setting/dates): partly Met. The location is given (a health-food store, weekday mornings) but no calendar dates.
1. Item 4 (source population/sampling frame): Missing. Shoppers at one health-food store are a convenience sample, not a defined population; who is represented is unstated.
1. Item 8 (response rate): Missing. We are told 300 were surveyed but not how many were approached, so non-response cannot be judged.
1. Item 10 (limitations/reverse causation): Missing. No acknowledgement that healthier or wealthier people self-select into a health-food store, nor that the design cannot show direction.
1. Ranking: among the missing items, the undefined source population (item 4) is most damaging because the sample is pre-selected for health-consciousness, which inflates the vitamin-health association.
	Answer:
The most damaging omission is the missing source population and sampling frame (item 4), because it hides selection bias: health-food-store shoppers are systematically healthier and more health-conscious than the general population, so the vitamin-health link is exaggerated rather than estimated.


Assignment practice — hand out
Practice 1: the main excerpt (sleep and anxiety).  Use the sleep-and-anxiety excerpt from the materials above. Methods: link posted on three university social-media pages, March 2024, first 500 respondents included; sleep self-reported in hours; anxiety from a single yes/no item ('often feel anxious'). Results: 132/220 short sleepers (60%) versus 84/280 longer sleepers (30%) reported anxiety; difference significant; authors conclude short sleep causes anxiety.
Task.  Mark items 4, 7, 8, and 10 as Met, Missing, or Fudged with a brief reason, then name the single omission that most threatens the study's credibility and the bias it hides.
	Solution (answer key):
Item 4 (source population/sampling frame): Fudged/Missing. The frame is whoever saw three social-media posts and chose to click, a self-selected convenience sample, not a defined undergraduate population. Item 7 (measurement/validity): Missing. A single unvalidated yes/no anxiety item and self-reported sleep, with no validated instrument, so outcome measurement is weak. Item 8 (response rate): Missing/Fudged. '500 respondents' is reported but not how many saw or were approached, so the response rate is unknown and non-response bias cannot be judged. Item 10 (limitations/reverse causation): Missing. No limitations section; critically, the design cannot distinguish short sleep causing anxiety from anxiety causing short sleep (reverse causation), and the causal conclusion is unsupported. Most damaging omission: the absence of any limitation acknowledging reverse causation (item 10), because a cross-sectional design measures exposure and outcome at the same time and cannot establish that short sleep precedes (let alone causes) anxiety; anxious students plausibly sleep less. Selection bias from the social-media convenience sample (item 4) is a strong second. The 60% versus 30% contrast (a prevalence ratio of 2.0) is real in the sample but cannot bear the word 'causes'.


Practice 2: a screening-survey excerpt.  A cross-sectional report: "Hearing loss and social isolation in older adults." Methods: "We mailed a questionnaire to all 4,000 residents aged 65+ on a regional registry in 2023; 2,600 returned it (65%). Hearing loss was defined by a validated 10-item screening scale; social isolation by the validated Lubben Social Network Scale. We report the prevalence ratio of isolation comparing those who screened positive versus negative for hearing loss." Results: "Isolation prevalence was 28% among those screening positive for hearing loss and 14% among those screening negative (prevalence ratio 2.0, 95% CI 1.7 to 2.4)." Limitations: "Cross-sectional design cannot establish temporality; non-responders may differ from responders."
Task.  Mark items 4, 7, 8, and 10 as Met, Missing, or Fudged with a brief reason, then state whether this report is more credible than the sleep-and-anxiety report and why.
	Solution (answer key):
Item 4 (source population/sampling frame): Met. The source population is defined (all registry residents aged 65+) and the sampling frame is the full registry, so the population represented is clear. Item 7 (measurement/validity): Met. Both exposure and outcome use named validated instruments (a 10-item hearing screen; the Lubben scale), unlike a single unvalidated yes/no item. Item 8 (response rate): Met. 2,600 of 4,000 returned the questionnaire, an explicit 65% response rate. Item 10 (limitations/reverse causation): Met. The report states the design cannot establish temporality and flags possible non-response differences. Verdict: this report is clearly more credible than the sleep-and-anxiety report. It defines its population, uses validated measures, reports a response rate, gives an effect measure with a confidence interval (prevalence ratio 2.0, 95% CI 1.7 to 2.4), and acknowledges the temporality and non-response limitations rather than leaping to causation. The remaining concern is the same inherent one for any cross-sectional study: the prevalence ratio is an association, and the 65% response rate still leaves room for non-response bias, which the authors appropriately flag rather than conceal.


	What good work looks like:
There is no single perfect answer key for the rankings, but every item mark must cite a phrase from the excerpt, and the named most-damaging omission must be tied to a specific bias. For the sleep-and-anxiety excerpt, strong work flags item 10 (no limitations / reverse causation) and item 4 (social-media convenience sample) as the worst, recognises item 7 (single unvalidated yes/no anxiety item, self-reported sleep) as weak measurement, and notes item 8 (respondents reported but denominator approached unknown). The 60% vs 30% figures give a correct sample prevalence ratio of 2.0, which is real but only associational; do not let students restate the authors' word 'causes'. Common errors to correct: accepting the causal conclusion because the difference is 'statistically significant'; marking item 8 Met because a number (500) appears, when the denominator approached is missing (that is Fudged, not Met); confusing missing limitations with a study that has no limitations; ranking reverse causation below minor reporting gaps. The screening-survey assignment is the contrast case where the same prevalence ratio of 2.0 is reported responsibly (defined frame, validated scales, 65% response, CI, honest limitations), so students see that good reporting and bad reporting can carry the identical number.


Debrief. Each missing STROBE item hides a specific threat to validity; the sleep report's fatal flaw is reverse causation dressed as causation, which is exactly the appraisal habit the term project rewards.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 3 and read the milestone aloud.
1. Students lock their review question and draft a reproducible search strategy (databases, terms, limits).
1. Circulate with one test: 'Hand your search to the next group; can they run it and get your number of hits?'
1. Mini-conference prompt: 'What will you do with the studies your search misses?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 3) as the live source for the brief and rubric.


Exit ticket and preview
Name your study design in one phrase and the single biggest threat you expect it to face. Complete the Lesson 4 module on case-control studies before next class.
Instructor preparation
1. Slide with the four warm-up studies.
1. Design cards and a grid on the board.
1. A short cross-sectional report and a STROBE checklist on Canvas.
1. Open the term-project document to Week 3.


Lesson 4 · Case Control Studies
Term week 4  ·  Three-hour session
Build a valid case-control study and see how the choice of controls decides whether the odds ratio means anything. The control-selection logic is the hard part and is fully cued below.
Learning objectives
1. Describe the major design features of risk-based and rate-based case-control studies
1. Identify hypotheses and population types consistent with each design
1. Differentiate between primary-base and secondary-base case-control studies
1. Elaborate the principles used to select and define the case series
1. Explain the principal features for selecting controls in open and closed populations
1. Design and implement a valid case-control study to meet specific objectives
Before class (flipped preparation)
Students complete the Lesson 4 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 – 0:46
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:46 – 0:58
	Question-and-answer clinic
	Field the anticipated questions below

	0:58 – 1:08
	Break
	

	1:08 – 1:48
	Applied exercise
	Hands-on task with an answer key below

	1:48 – 2:36
	Capstone studio
	Supervised term-project work (see term-project document)

	2:36 – 2:41
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Who counts as a control? (10 min)
Set-up. Slide: 'We are studying whether vaping is associated with a rare lung condition. Cases are patients diagnosed at City Hospital. Where should the controls come from?' with four candidate sources listed.
Run it:
1. Students pick the best control source from four options (hospital patients with other conditions, friends of cases, a random community sample from the hospital's catchment, online volunteers) and give one reason (two minutes).
1. Poll and surface the principle using the notes.
	What to surface (facilitator notes):
1. Controls should come from the same source population that produced the cases: the people who, had they developed the condition, would have become cases here.
1. A random sample from the hospital's catchment is usually best; hospital controls risk Berkson-type bias; friends and online volunteers distort the exposure distribution.
1. The guiding test: would this control, if diseased, have ended up as one of our cases?


2 · Co-construction review (36 min)
Activity 1: Define the study base
Group design  ·  18 min
Materials. Two short scenarios on a slide: one with a clearly defined cohort behind it (a closed primary base), one drawn from general hospital admissions (a secondary base).
Run it:
1. Groups identify the source population for each scenario and label it primary-base or secondary-base.
1. Groups state how they would sample controls to represent that base.
1. Compare and correct with the notes.
	Prompt to pose (read aloud):
For each scenario, define the population that produced the cases, then say how you would sample controls to represent it.


	Facilitator talking points (the content you need):
1. Primary base: the population is defined first (a cohort or a geographic population) and cases arise within it; sample controls directly from that population.
1. Secondary base: cases are defined by a case-finding mechanism (a hospital) and the base is reconstructed; controls must mirror the referral pattern that produced the cases.
1. Getting the base wrong is the single most common fatal flaw in case-control studies.


Close. Groups keep their base definitions; they will reuse the logic to appraise studies in the studio.
Activity 2: Rank these control groups
Critique and rank, pairs  ·  18 min
Materials. A slide listing three proposed control groups for one study, each with a subtle flaw (hospital controls with smoking-related conditions; neighbourhood controls with a different age distribution; controls recruited two years after the cases).
Run it:
1. Pairs rank the three for comparability and name each one's flaw (six minutes).
1. Pairs report rankings; build a class consensus.
1. Name the biases each flaw introduces.
	Prompt to pose (read aloud):
Rank these three control groups from most to least comparable, and name the bias each weaker option introduces.


	Facilitator talking points (the content you need):
1. Hospital controls whose conditions share the exposure (smoking) bias the odds ratio toward the null: a classic Berkson and comparability problem.
1. An age-mismatched control group introduces confounding by age unless matched or adjusted.
1. Controls recruited in a different time window introduce temporal and recall differences.
1. Comparability beats convenience every time.


Close. Students note the control-selection questions they will ask of their own appraisal studies.
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.  Why report an odds ratio instead of a risk ratio here?
A.  In a case-control design you start from outcome status and sample cases and controls separately, so you cannot compute risk directly. The odds ratio is what the design supports, and it approximates the risk ratio when the outcome is rare (the rare-disease assumption).
Q.  Isn't recall bias fatal to every case-control study?
A.  It is a real, design-specific threat, because cases may remember exposures differently than controls. It is managed, not eliminated: use records rather than memory where possible, blind interviewers to hypothesis, and choose controls who recall similarly. We flag it, we do not dismiss the whole design.
Q.  What's the difference between matching and adjusting?
A.  Matching selects controls to resemble cases on a variable (say age) at the design stage; adjustment handles it statistically at the analysis stage. Matching on a variable means you must account for it in analysis and you can no longer study that variable's effect.
4 · Applied exercise — CASP case-control appraisal: same-base, exposure, confounding (40 min)
Materials. A one-page provided abstract-plus-methods excerpt of a (fictional but realistic) case-control study, printed below; nothing to search for. The relevant CASP case-control prompts are paraphrased inline so the checklist is not needed separately.
Task (for students). Read the provided study excerpt and decide how trustworthy its main finding is by appraising three things: whether controls came from the same study base as the cases, whether exposure was measured the same way in both groups, and whether confounding was handled. Name the single largest threat to validity and point to the exact line of the excerpt that shows it.
Student instructions:
1. Read the excerpt and write down the claimed result in your own words, including the odds ratio and its confidence interval.
1. Same-base check: identify where the cases came from and where the controls came from, and decide whether a control, had they developed the disease, would have been captured as a case in this study.
1. Exposure check: find how exposure was ascertained in cases and in controls, and flag any difference in method, source, or timing between the two groups.
1. Confounding check: list the variables the authors adjusted for, and name at least one plausible confounder they did not address.
1. Decide whether the odds ratio is reported with a confidence interval and whether the interval crosses 1 (no association).
1. Name the single largest threat to validity and quote the exact sentence from the excerpt that is your evidence.
1. State the likely direction of the resulting bias: toward the null (OR pulled toward 1) or away from the null (OR inflated).
Worked example — present to students
Given. Excerpt: A hospital-based case-control study of coffee drinking and pancreatic cancer. Cases were 200 patients newly diagnosed with pancreatic cancer on the oncology ward. Controls were 200 patients on the gastroenterology ward (peptic ulcer, reflux, gastritis). Coffee intake for both groups was taken from the same interviewer-administered questionnaire. Result: heavy coffee drinkers had an odds ratio of 2.1 (95% CI 1.3 to 3.4) for pancreatic cancer; adjusted for age and sex only.
Solution (walk through on the board):
1. Claimed result: heavy coffee drinking is associated with roughly double the odds of pancreatic cancer, OR 2.1 (95% CI 1.3 to 3.4); the interval excludes 1, so the association is statistically clear within the study.
1. Same-base check: cases come from oncology, controls from gastroenterology. The control conditions (ulcer, reflux, gastritis) are exactly conditions for which people deliberately cut down on coffee. Controls therefore under-represent coffee drinking relative to the source population that produced the cases.
1. Exposure check: this part is reassuring; the same interviewer-administered questionnaire was used for both groups, so the measurement method is comparable and differential misclassification is unlikely.
1. Confounding check: the analysis adjusts only for age and sex. Smoking is a known risk factor for pancreatic cancer and is strongly correlated with coffee drinking, so unadjusted smoking is a serious residual confounder.
1. Direction of bias from the control problem: because controls artificially drink less coffee, the coffee difference between cases and controls is exaggerated, pushing the odds ratio away from the null (upward), so 2.1 is likely an overestimate.
	Answer:
Largest threat: control selection. The controls were chosen from gastroenterology patients who avoid coffee for their illness, so they do not represent coffee intake in the base that produced the cases; this inflates the odds ratio away from the null. (This mirrors the classic MacMahon 1981 coffee-pancreatic cancer control-selection critique.)


Assignment practice — hand out
Practice 1: recall bias in a mothers' study.  Excerpt: A case-control study of maternal stress during pregnancy and childhood asthma. Cases were 150 mothers of children diagnosed with asthma by age 6; controls were 150 mothers of children without asthma, sampled from the same family practices. Exposure (stressful events during pregnancy) was measured by asking each mother, after diagnosis, to recall events from the pregnancy. Result: OR 1.8 (95% CI 1.1 to 2.9), adjusted for maternal smoking and family income.
Task.  Name the single largest threat to validity, quote the line that is your evidence, and state the likely direction of the resulting bias.
	Solution (answer key):
Largest threat: differential exposure measurement (recall bias). Evidence line: 'Exposure ... was measured by asking each mother, after diagnosis, to recall events from the pregnancy.' Mothers of an asthmatic child have a reason to search their memory harder for prenatal stress than control mothers, so exposure is over-reported in cases relative to controls. This is differential misclassification that pushes the odds ratio away from the null, so the true OR is probably closer to 1 than 1.8. The same-base aspect is actually a strength here (both groups drawn from the same family practices), and two reasonable confounders, smoking and income, were addressed, so selection and confounding are not the leading problem; measurement is.


Practice 2: a defensible same-base design.  Excerpt: A study of a new diabetes drug and acute kidney injury (AKI) using a regional hospital network database. Cases were all patients in the network hospitalised for AKI in 2024 (n = 600). Controls were a random sample of patients in the same network and year who were not hospitalised for AKI (n = 1,200), so a control who later developed AKI would have become a case. Drug exposure for both groups was taken from the same electronic prescription records before the index date. Analysis adjusted for age, sex, baseline kidney function, diabetes severity, and other nephrotoxic drugs. Result: OR 1.15 (95% CI 0.92 to 1.44).
Task.  Name the single largest threat to validity (if any), quote the relevant line, and state what the confidence interval implies about the association.
	Solution (answer key):
This design is largely sound. Same-base: controls are drawn from the same network and year and 'a control who later developed AKI would have become a case', which is the textbook definition of controls sampled from the base that produces the cases, so selection bias is minimal. Exposure: 'taken from the same electronic prescription records before the index date' for both groups, so measurement is non-differential and recorded before outcome, avoiding recall bias. Confounding: a strong adjustment set including baseline kidney function and other nephrotoxic drugs is used. The main remaining threat is residual confounding by indication (sicker diabetics may be both prescribed the drug and at higher AKI risk), but it is partly addressed by adjusting for diabetes severity. Most important interpretive point: the confidence interval (0.92 to 1.44) crosses 1, so the study does not demonstrate an association; the correct verdict is 'no clear evidence of increased risk', not 'the drug is safe' and not 'the drug causes AKI'.


	What good work looks like:
Good work separates the three validity questions and lands on one leading threat with a quoted line, rather than listing vague worries. For control selection, the test is the same-base rule: would a control, had they developed the disease, have been captured as a case here? Hospital controls chosen for a condition tied to the exposure (the coffee example) break that rule. For exposure, look for a difference in how or when cases versus controls were measured; post-diagnosis self-recall in cases is the signature of recall bias. For confounding, check that a real confounder (smoking for the coffee study) was actually adjusted, not just age and sex. Students should also read the confidence interval correctly: an interval that crosses 1 means no clear association, and an OR with a tight interval excluding 1 is still wrong if the design is biased. Common errors to correct: trusting an OR because its interval excludes 1 while ignoring a biased control group; calling everything 'confounding' when the real issue is measurement or selection; reading a null result (CI crossing 1) as proof of safety; and failing to state the direction of bias. The worked coffee case and Practice 1 and 2 are modelled on real, citable problems (MacMahon 1981 coffee-pancreatic cancer; classic maternal recall bias; database nested case-control designs).


Debrief. The 'one largest threat plus the line that proves it' output is exactly the form the Week 4 milestone takes, so today's appraisal can become a portfolio entry.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 4 and read the milestone aloud.
1. Students appraise case-control studies on their own topic, reusing the CASP lens from the applied block.
1. Circulate and check that each appraisal cites the line in the paper that supports the judgement.
1. Mini-conference prompt: 'Where did this study's controls come from, and does that bias the estimate up or down?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 4) for the brief and rubric.


Exit ticket and preview
Name one case-control study on your topic and the direction you think its main bias pushes the estimate. Complete the Lesson 5 module before next class.
Instructor preparation
1. Warm-up control-source slide.
1. Two base-definition scenarios and three control-group options on slides.
1. A case-control paper and the CASP checklist on Canvas.
1. Open the term-project document to Week 4.


Lesson 5 · Cohort Studies
Term week 5  ·  Three-hour session
Design a cohort study and see how the definition of exposure and the handling of follow-up decide its validity. Person-time and loss to follow-up are cued in full for a substitute.
Learning objectives
1. Distinguish between open and closed source populations as they relate to cohort study design
1. Describe the major design features of risk-based and rate-based cohort studies
1. Identify hypotheses and population types consistent with risk-based and rate-based cohort studies
1. Elaborate the principles used to select and measure the exposure in cohort studies
1. Design and implement a valid cohort study to investigate a specific hypothesis
Before class (flipped preparation)
Students complete the Lesson 5 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 — Open or closed? (10 min)
Set-up. Slide: 'A study follows all 2019 graduates of one university for ten years' versus 'A study follows residents of a city, who move in and out, for ten years.'
Run it:
1. Students label each as a closed or open (dynamic) population and name one consequence (two minutes).
1. Surface the analytic implication with the notes.
	What to surface (facilitator notes):
1. Closed population: fixed membership, no entries after baseline; you can compute cumulative incidence (risk) over the period.
1. Open or dynamic population: members enter and leave; you compute incidence rates using person-time, not simple risk.
1. The population type dictates whether risk or rate is the right measure.


2 · Co-construction review (34 min)
Activity 1: Cohort design build
Group design  ·  18 min
Materials. A hypothesis on the board, e.g., 'Does shift work raise the risk of metabolic syndrome?'
Run it:
1. Groups define entry criteria, how exposure is classified, the comparison group, and the follow-up plan (seven minutes).
1. Groups decide whether they will report risk or rate and justify it.
1. Compare designs and correct with the notes.
	Prompt to pose (read aloud):
Design a cohort to test this hypothesis: who enters, how is exposure defined, what is the comparison, and will you report risk or rate?


	Facilitator talking points (the content you need):
1. Exposed and unexposed must be drawn from the same source population and be free of the outcome at entry.
1. Exposure classification should be reproducible and, ideally, not rely on memory.
1. Use risk for a closed cohort over a fixed period; use rate with person-time when follow-up time varies.


Close. Groups keep their design as a reference for appraising real cohorts.
Activity 2: Where does follow-up break?
Reasoning, pairs  ·  16 min
Materials. A slide describing a cohort where the exposed group is lost to follow-up more often than the unexposed.
Run it:
1. Pairs predict the direction of bias from this differential loss (five minutes).
1. Pairs share predictions; you reconcile them.
1. Introduce immortal-time bias as a preview of Lesson 10.
	Prompt to pose (read aloud):
If the exposed are lost to follow-up more often, and the lost tend to be sicker, which way does the estimated effect move?


	Facilitator talking points (the content you need):
1. Differential loss related to both exposure and outcome biases the estimate; the direction depends on who is lost.
1. If sicker exposed people drop out, the exposure looks safer than it is.
1. Non-differential loss mainly costs precision; differential loss costs validity.


Close. Students note the follow-up questions they will ask of their cohort studies.
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.  What exactly is person-time and why use it?
A.  Person-time sums the time each participant is observed and at risk. It lets you compute an incidence rate when people are followed for different lengths of time or enter and leave, which simple cumulative risk cannot handle.
Q.  Attrition bias or non-response bias: what's the difference?
A.  Non-response happens at entry: invited people who never join. Attrition happens during follow-up: enrolled people who drop out. Both threaten validity if they are related to exposure and outcome, but they enter at different points and call for different fixes.
Q.  Aren't cohorts always better than case-control studies?
A.  Not always. Cohorts handle rare exposures and multiple outcomes well and establish temporality, but they are slow, costly, and inefficient for rare diseases. Design choice depends on the question, the outcome frequency, and the resources.
4 · Applied exercise — CASP cohort appraisal: judging follow-up completeness (40 min)
Materials. A one-page handout (provided below; nothing to search for) containing the structured abstract and methods summary of a fictional but realistic cohort study, plus a six-item CASP-style appraisal checklist. All numbers needed are on the handout.
Task (for students). Apply the CASP-style checklist to the provided cohort study and decide whether its follow-up was complete enough to trust the reported result. Calculate the loss to follow-up, judge whether the loss was differential between exposure groups, and name the single biggest remaining threat to the finding.
Student instructions:
1. Read the provided study summary and write the research question in PECO form (Population, Exposure, Comparator, Outcome).
1. Check recruitment and exposure: were the exposed and unexposed groups drawn from the same source population, and was exposure measured the same way in both groups?
1. Calculate overall loss to follow-up: subtract the number with complete outcome data from the number enrolled, then divide by the number enrolled and convert to a percentage.
1. Calculate loss separately within the exposed and unexposed groups and compare the two percentages to judge whether loss was differential.
1. Decide whether the loss is acceptable using the rule of thumb: under about 5 percent is reassuring, over about 20 percent (or clearly differential between groups) seriously threatens the result.
1. Name the single biggest remaining threat to the finding and state, in one sentence, whether you would trust the reported result.
1. Write a one-sentence overall verdict that quotes the loss-to-follow-up percentage you calculated.
Worked example — present to students
Given. A cohort enrolled 1,000 healthy adults and classified them by coffee intake: 600 high-intake (exposed) and 400 low-intake (unexposed). Over 10 years they tracked incident hypertension. At study end, complete outcome data were available for 570 of the high-intake group and 250 of the low-intake group. The authors report that high coffee intake was associated with lower hypertension risk.
Solution (walk through on the board):
1. Total enrolled = 1,000; total with complete data = 570 + 250 = 820. Overall lost = 1,000 - 820 = 180. Overall loss = 180 / 1,000 = 18.0 percent.
1. Exposed loss: 600 enrolled, 570 retained, so 30 lost; 30 / 600 = 5.0 percent.
1. Unexposed loss: 400 enrolled, 250 retained, so 150 lost; 150 / 400 = 37.5 percent.
1. Compare: 5.0 percent versus 37.5 percent. The loss is steeply differential; far more of the low-intake group dropped out.
1. Overall 18 percent is already borderline, but the differential loss is the real problem: if low-intake people who left differed systematically in their hypertension risk, the comparison between groups is distorted and the apparent protective effect could be an artefact of who remained.
	Answer:
The result should not be trusted as reported. Although overall loss (18 percent) is borderline, the loss is highly differential (5.0 percent exposed versus 37.5 percent unexposed), which can manufacture or erase an association regardless of any true effect of coffee.


Assignment practice — hand out
Practice 1: shift-work and diabetes cohort.  A cohort enrolled 1,500 nurses: 500 rotating-night-shift workers (exposed) and 1,000 day-only workers (unexposed). Over 8 years they recorded incident type 2 diabetes. Complete outcome data were available for 480 of the shift workers and 960 of the day workers. The authors report that night-shift work raised diabetes risk.
Task.  Calculate overall and group-specific loss to follow-up, state whether the loss is differential, and give a one-sentence verdict that quotes your overall loss percentage.
	Solution (answer key):
Total enrolled = 1,500; retained = 480 + 960 = 1,440; lost = 60; overall loss = 60 / 1,500 = 4.0 percent. Exposed loss = (500 - 480) / 500 = 20 / 500 = 4.0 percent. Unexposed loss = (1,000 - 960) / 1,000 = 40 / 1,000 = 4.0 percent. The loss is non-differential (4.0 percent in both groups) and low overall. Verdict: with only 4.0 percent loss to follow-up and no differential between groups, loss to follow-up is not a serious threat here and the reported association can be taken at roughly face value, pending checks on confounding.


Practice 2: air-pollution and asthma cohort.  A cohort enrolled 2,000 children: 800 living near a major highway (exposed) and 1,200 living in low-traffic areas (unexposed). Over 6 years they recorded incident asthma. Complete outcome data were available for 560 of the high-traffic children and 1,140 of the low-traffic children. The authors report that high-traffic exposure raised asthma risk.
Task.  Calculate overall and group-specific loss to follow-up, state whether the loss is differential, and give a one-sentence verdict that quotes your overall loss percentage.
	Solution (answer key):
Total enrolled = 2,000; retained = 560 + 1,140 = 1,700; lost = 300; overall loss = 300 / 2,000 = 15.0 percent. Exposed loss = (800 - 560) / 800 = 240 / 800 = 30.0 percent. Unexposed loss = (1,200 - 1,140) / 1,200 = 60 / 1,200 = 5.0 percent. The loss is strongly differential (30.0 percent exposed versus 5.0 percent unexposed). Verdict: with 15.0 percent overall loss that is heavily concentrated in the exposed group (30.0 percent versus 5.0 percent), the reported association is not trustworthy as stated, because selective dropout among high-traffic children could distort the asthma comparison in either direction.


	What good work looks like:
Good work computes the loss correctly (lost divided by enrolled, not by retained) and, crucially, computes it within each exposure group rather than only overall. Strong answers name differential loss as the central cohort threat and quote the specific percentages. The rule of thumb: under about 5 percent loss is reassuring, over about 20 percent overall, or any clearly differential loss between groups, warrants real concern even if the headline number looks modest. Common errors to correct: dividing by the number retained instead of the number enrolled (which understates the loss); reporting only the overall percentage and missing a large differential hidden inside it; treating a low overall figure as automatically safe when one group lost far more than the other; and judging the study on the plausibility of the finding rather than on the integrity of its follow-up.


Debrief. Land the rule in one line: in a cohort, differential loss to follow-up can manufacture or erase an association on its own, so it is the first thing your portfolio appraisal must interrogate, ahead of how plausible the result sounds.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 5 and read the milestone aloud.
1. Students appraise cohort studies on their topic with particular attention to follow-up.
1. Circulate and ask each student to state the reported loss-to-follow-up figure and its likely direction of bias.
1. Mini-conference prompt: 'Was this study long enough for the outcome to actually occur?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 5) as the live brief and rubric.


Exit ticket and preview
Name one cohort study on your topic and its follow-up completeness in a sentence. Complete the Lesson 6 module before next class.
Instructor preparation
1. Open/closed population slide.
1. Cohort hypothesis on the board; differential-loss scenario slide.
1. A cohort paper and the CASP cohort checklist on Canvas.
1. Open the term-project document to Week 5.


Lesson 6 · Ecological and Group Level Studies
Term week 6  ·  Three-hour session
Read ecological and group-level studies for what they legitimately show and the cross-level errors they invite. The two fallacies are the crux and are cued with examples.
Learning objectives
1. List the 3 major categories of variable used in ecologic models and describe their attributes
1. Describe the constructs of a linear model at the individual and group levels and constraints on estimating incidence rate ratios at the group level
1. Describe how within-group misclassification, group-level confounding, and group-level interaction can affect causal inferences
1. Describe the basis of the ecologic and atomistic fallacies
1. Identify scenarios where ecologic studies are less likely to produce cross-level inferential errors
1. Describe how to integrate individual-level studies with ecologic studies to prevent cross-level inferential errors
Before class (flipped preparation)
Students complete the Lesson 6 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 – 0:42
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:42 – 0:54
	Question-and-answer clinic
	Field the anticipated questions below

	0:54 – 1:04
	Break
	

	1:04 – 1:44
	Applied exercise
	Hands-on task with an answer key below

	1:44 – 2:32
	Capstone studio
	Supervised term-project work (see term-project document)

	2:32 – 2:37
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Spot the fallacy (10 min)
Set-up. Slide with two claims: (1) 'Countries that eat more chocolate win more Nobel prizes, so chocolate makes individuals smarter.' (2) 'This patient is from a high-income country, so they must be wealthy.'
Run it:
1. Students label each claim as an ecological fallacy or an atomistic fallacy (two minutes).
1. Surface the definitions with the notes.
	What to surface (facilitator notes):
1. Claim 1 is the ecological fallacy: inferring about individuals from group-level data.
1. Claim 2 is the atomistic fallacy: inferring about a group from an individual.
1. Both are cross-level inference errors; ecological studies invite the first.


2 · Co-construction review (32 min)
Activity 1: Three kinds of ecological variable
Sorting, groups  ·  16 min
Materials. Cards listing variables: mean income of a region, percentage vaccinated, air pollution level, latitude, average BMI, presence of a sugar tax.
Run it:
1. Groups sort each into aggregate (summaries of individuals), environmental (physical attributes of place), or global (attributes with no individual analogue) variables.
1. Groups state what kind of inference each variable can support.
1. Correct with the notes.
	Prompt to pose (read aloud):
Sort these into aggregate, environmental, and global variables, and say what each can support.


	Facilitator talking points (the content you need):
1. Aggregate variables (mean income, percent vaccinated) are summaries of individuals and most tempt the ecological fallacy.
1. Environmental variables (air pollution, latitude) are properties of place that act on everyone there.
1. Global variables (a sugar tax exists or not) have no individual-level version at all.
1. Knowing the type tells you which inferences are even possible.


Close. Students note which variable types appear in their own ecological evidence.
Activity 2: Fallacy hunt
Find-the-flaw, pairs  ·  16 min
Materials. Three short claims drawn from ecological data, each making a cross-level leap.
Run it:
1. Pairs find the inferential error in each claim and name the fallacy (six minutes).
1. Pairs report; you tally which fallacy each commits.
1. Discuss how to rewrite each claim to stay at the group level.
	Prompt to pose (read aloud):
Find the cross-level error in each claim, name the fallacy, and rewrite the claim so it stays honest.


	Facilitator talking points (the content you need):
1. An ecological correlation can be real at the group level while being absent or reversed at the individual level.
1. Group-level confounding and within-group misclassification both distort ecological estimates.
1. The honest rewrite keeps the conclusion at the level the data were measured.


Close. Students keep one rewritten claim as a model for calibrated language.
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.  If ecological studies are so error-prone, why use them at all?
A.  They are efficient, use existing data, and are well suited to genuinely group-level exposures such as policies, air quality, or latitude. They are strong for generating hypotheses and for studying exposures that only vary across places, as long as the conclusion stays at the group level.
Q.  What is the modifiable areal unit problem?
A.  Results can change simply because of how you draw the geographic boundaries (the size and shape of the units). The same underlying data can yield different associations at the neighbourhood, city, or region level, so the choice of unit is itself an analytic decision.
Q.  Can an ecological study ever support an individual-level claim?
A.  Only weakly, and only when individual-level studies are integrated alongside it. On its own it supports group-level inference. Pairing it with individual data is the standard way to guard against the ecological fallacy.
4 · Applied exercise — Cross-level inference drill: appraising ecological studies (40 min)
Materials. A printed handout of three ecological-study dossiers (provided below; nothing to search for). Each dossier gives the unit of analysis, the group-level data table, the authors' stated conclusion, and any noted critique. A ruler and calculator are enough; everything needed is on the handout.
Task (for students). Read each provided ecological-study dossier and decide whether its conclusion stays appropriately at the group level or over-reaches to individuals. For each dossier, label the conclusion Group-safe or Over-reaching and justify it in one sentence that names the deciding feature (the unit of analysis, the wording of the conclusion, or a plausible cross-level bias).
Student instructions:
1. Read the dossier and write down the unit of analysis (for example country, region, school) and what is being correlated with what.
1. Underline the exact wording of the authors' conclusion and decide whether it makes a claim about groups or about individuals.
1. Name the variable type for the exposure: aggregate (a summary of individuals, such as mean income), environmental (a property of the place, such as latitude), or global (no individual analogue, such as the presence of a law).
1. Check for the ecological fallacy: does the conclusion attribute the group-level association to individuals without individual-level data to support it?
1. Check for the atomistic fallacy in reverse: is there a plausible group-level confounder or within-group misclassification that could create the association at the aggregate level but not within people?
1. Label the conclusion Group-safe or Over-reaching, then write one sentence of justification that cites the single deciding feature.
1. Compare labels across the three dossiers and note which design feature most often pushed a study toward over-reaching.
Worked example — present to students
Given. Unit of analysis: 18 countries. Data: per-capita wine consumption (litres/person/year) and the national death rate from coronary heart disease (per 100,000). Countries with higher per-capita wine consumption have lower CHD death rates; the correlation is strong and negative (r approximately -0.8). Authors' conclusion: 'People who drink more wine have a lower risk of dying from heart disease.' Noted critique: no individual was measured; wine-drinking countries also have higher vegetable intake and different healthcare systems.
Solution (walk through on the board):
1. Unit of analysis is the country, and the data correlate a country average (per-capita wine) with a country rate (CHD deaths per 100,000). Nothing was measured on any individual.
1. The exposure is an aggregate variable: per-capita consumption is a summary of individuals, so it has an individual analogue, which makes the temptation to speak about individuals especially strong.
1. The conclusion is worded about 'people who drink more wine,' an individual-level claim, yet the only evidence is a country-level correlation. That gap is the ecological fallacy.
1. A group-level confounder is plausible and is even noted: wine-drinking countries differ in diet and healthcare, so the country-level association can hold while no individual benefit exists.
1. Because the data are entirely aggregate and the conclusion names individuals, the inference jumps a level without support.
	Answer:
Label: Over-reaching. The data are a country-level correlation but the conclusion claims an individual-level effect, the textbook ecological fallacy, and a noted group-level confounder (diet, healthcare) could produce the pattern with no individual benefit.


Assignment practice — hand out
Practice 1: Sunlight and multiple sclerosis by latitude.  Unit of analysis: 12 geographic regions ranked by latitude. Data: each region's average annual hours of sunlight and its prevalence of multiple sclerosis (cases per 100,000). Regions farther from the equator (less sunlight) have higher MS prevalence; the association is strong. Authors' conclusion: 'Regions with less sunlight exposure tend to have a higher burden of multiple sclerosis, suggesting that environmental sunlight is worth investigating as a group-level determinant.' Noted critique: the analysis is purely regional; populations also differ in ancestry and diet, which were not measured.
Task.  Label the conclusion Group-safe or Over-reaching and justify it in one sentence naming the deciding feature.
	Solution (answer key):
GROUP-SAFE. The unit of analysis is the region, the exposure (sunlight) is an environmental variable that is a genuine property of the place, and crucially the conclusion is worded about 'regions' and frames sunlight as a hypothesis 'worth investigating' rather than as a proven individual cause. Deciding feature: the conclusion stays at the regional level and does not claim that any individual's sunlight exposure changes that person's MS risk. It would become over-reaching only if reworded as 'people who get less sun develop MS,' since unmeasured group differences in ancestry and diet (group-level confounding) could drive the regional pattern.


Practice 2: School lunch program and test scores.  Unit of analysis: 40 schools. Data: the percentage of students in each school enrolled in a free-lunch program (a marker of school-level poverty) and the school's mean standardized test score. Schools with a higher percentage on free lunch have lower mean test scores; the correlation is strong and negative. Authors' conclusion: 'Children who receive free school lunches score lower on standardized tests, so the free-lunch program lowers individual achievement.' Noted critique: only school averages were analyzed; within any school, individual children vary widely, and free-lunch status is also a marker of household poverty.
Task.  Label the conclusion Group-safe or Over-reaching and justify it in one sentence naming the deciding feature.
	Solution (answer key):
OVER-REACHING. The unit of analysis is the school and the data are school averages, but the conclusion makes two individual-level leaps: it claims that 'children who receive free lunches score lower' (ecological fallacy from a school-level correlation) and then asserts the program 'lowers individual achievement' (an unsupported causal claim). Deciding feature: the percentage on free lunch is an aggregate exposure standing in for school-level poverty, so the association almost certainly reflects household poverty (group-level confounding), and within-group variation means many free-lunch children outscore non-free-lunch children. A group-safe version would say 'schools with higher free-lunch enrollment have lower mean scores,' with no claim about individual children or program effects.


	What good work looks like:
There is no single correct label without the justification, but the justification must name the deciding feature: the unit of analysis, the wording of the conclusion, the variable type, or a specific cross-level bias. Strong work distinguishes a defensible group-level statement ('regions/schools/countries with more X have more Y') from an over-reaching individual claim ('people with X have Y'), and it names group-level confounding or within-group misclassification where relevant. The most common real flaw, seen in the wine and the school-lunch dossiers, is a discussion that slides quietly from a group-level correlation to an individual-level cause. Common errors to correct: labeling a study Over-reaching merely because it is ecological even when its conclusion stays at the group level (the sunlight dossier is the trap here); ignoring the exact wording of the conclusion; and failing to name a plausible confounder when one is offered in the critique line. The three dossiers map to real, well-known patterns (the cross-country wine/CHD 'French paradox' correlation; the latitude gradient in MS; and free-lunch enrollment as a poverty proxy in education research), so afterwards the same appraisal can be applied to a study students bring in.


Debrief. Land the rule in one line: an ecological study can support a group-level conclusion but not an individual-level one, so the appraisal turns on whether the conclusion's wording matches its unit of analysis.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 6 and read the milestone aloud.
1. Students appraise aggregate or ecological evidence relevant to their topic.
1. Circulate and ask each student to state the unit of analysis and whether the source's conclusion respects it.
1. Mini-conference prompt: 'Does your topic have a genuinely group-level exposure, or is ecological data standing in for missing individual data?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 6) for the brief and rubric. Next week is the midterm; remind students of the coverage.


Exit ticket and preview
State one ecological finding on your topic and whether its conclusion stays at the group level. Review Lessons 1 to 6 for next week's midterm.
Instructor preparation
1. Two-claim warm-up slide.
1. Variable-type cards; three ecological claims on a slide.
1. An ecological study and a short appraisal sheet on Canvas.
1. Open the term-project document to Week 6; post the midterm coverage and format.


Midterm Examination
Term week 7  ·  Three-hour session
Administer the midterm on Lessons 1 to 6, then run a supervised capstone studio so the exam week costs no project time.
Session at a glance
	Time
	Block
	Focus

	0:00 – 0:10
	Settle and instructions
	Distribute the paper; state permitted materials and timing

	0:10 – 1:30
	Midterm examination
	Lessons 1 to 6, in the format described in the syllabus

	1:30 – 1:40
	Break
	

	1:40 – 2:50
	Capstone studio
	Collect the due milestone; mid-term project check-in and catch-up

	2:50 – 3:00
	Debrief and preview
	Note return timing; preview the Lesson 7 module


Coverage. An in-class examination covering Lessons 1 to 6 (foundations of epidemiology; systematic reviews and meta-analysis; observational studies; case-control studies; cohort studies; and ecological studies). Items are appraisal-style, asking students to classify designs and reason about their fit.
Instructor preparation
1. Finalize and proofread the midterm; prepare the marking key.
1. State permitted materials (calculator, one-page aid, or closed-book) on the paper.
1. Bring the milestone checklist to collect and log the due milestone.
1. Coordinate accommodations with the Centre for Accessible Learning.


Lesson 7 · Conceptualization Measurement and Causal Specification
Term week 8  ·  Three-hour session
Tie construct validity and measurement to causal specification, using directed acyclic graphs to keep confounders, mediators, and colliders straight. The DAG rules are cued so a substitute can run the clinic cold.
Learning objectives
1. Explain construct validity and identify threats such as measurement non-invariance and construct-irrelevant variance
1. Distinguish between reliability and validity and describe how measurement error attenuates epidemiological associations
1. Recognize when ordinal variables are inappropriately treated as interval-level data and the consequences for study findings
1. Use directed acyclic graphs (DAGs) to identify collider bias, overadjustment bias, and confounding
1. Explain the obesity paradox and smoking-birth weight paradox as examples of causal specification errors
1. Distinguish residual confounding, reverse causation, and simultaneity bias using empirical examples
1. Critically evaluate whether epidemiological studies have adequately addressed measurement and causal specification issues
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 – 0:12
	Arrival and retrieval warm-up
	Low-stakes retrieval on the pre-class module

	0:12 – 0:48
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:48 – 1:00
	Question-and-answer clinic
	Field the anticipated questions below

	1:00 – 1:10
	Break
	

	1:10 – 1:50
	Applied exercise
	Hands-on task with an answer key below

	1:50 – 2:36
	Capstone studio
	Supervised term-project work (see term-project document)

	2:36 – 2:41
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — The adjustment that backfires (12 min)
Set-up. Whiteboard. Ask students to draw the smallest diagram in which controlling for a variable makes the estimate worse.
Run it:
1. Students sketch a three-variable diagram where adjusting for one variable introduces bias (three minutes).
1. Take two sketches to the board.
1. Reveal the collider structure with the notes.
	What to surface (facilitator notes):
1. A collider is a variable caused by two others (exposure to collider and outcome to collider). Conditioning on it opens a false path between exposure and outcome.
1. Example: among hospitalised patients, two unrelated diseases can appear linked simply because either one raises admission (the collider).
1. Rule of thumb: adjust for confounders, never for colliders or mediators if you want the total effect.


2 · Co-construction review (36 min)
Activity 1: DAG clinic
Build and classify, groups  ·  20 min
Materials. A scenario on the board, e.g., 'Does coffee cause heart disease, given that smoking relates to both, and blood pressure lies on a possible pathway?'
Run it:
1. Groups draw the DAG with arrows for coffee, smoking, blood pressure, and heart disease (six minutes).
1. Groups label each non-exposure, non-outcome variable as confounder, mediator, or collider.
1. Groups state which variables to adjust for to estimate the total effect of coffee.
	Prompt to pose (read aloud):
Draw the DAG, label every variable's role, and tell me what you would and would not adjust for.


	Facilitator talking points (the content you need):
1. Confounder: causes both exposure and outcome (smoking). Adjust for it.
1. Mediator: lies on the causal path from exposure to outcome (blood pressure, if coffee raises it which raises disease). Do not adjust if you want the total effect; adjusting gives only the direct effect.
1. Collider: caused by two variables; adjusting opens a spurious path. Do not adjust.
1. Overadjustment usually means accidentally conditioning on a mediator or collider.


Close. Groups keep their DAG; it models the construct and causal-specification audit they owe in the studio.
Activity 2: Unpack a paradox
Explain-it, pairs  ·  16 min
Materials. Slide stating the obesity paradox (obese patients with a given disease sometimes show lower mortality) or the smoking and birthweight paradox.
Run it:
1. Pairs propose why the paradox might be a causal-specification artefact rather than a real protective effect (six minutes).
1. Pairs share; you connect each explanation to collider or selection structure.
1. Name the lesson for appraisal.
	Prompt to pose (read aloud):
Explain this paradox as a measurement or causal-specification error rather than a real effect.


	Facilitator talking points (the content you need):
1. These paradoxes often arise from conditioning on a collider (having the disease) or from selection into the studied group.
1. Measurement error and reverse causation (illness causing weight loss) can also create them.
1. The appraisal lesson: a surprising protective association is a prompt to check the causal structure, not to celebrate.


Close. Students note any counterintuitive finding in their own evidence to interrogate.
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.  Reliability versus validity: which matters more?
A.  They are different. Reliability is consistency on repeat measurement; validity is measuring the right construct. A scale can be reliable yet invalid (consistently wrong). You need both, and unreliable measurement attenuates associations toward the null.
Q.  What is overadjustment, in plain terms?
A.  Adjusting for a variable you should have left alone, usually a mediator or a collider. Adjusting for a mediator removes part of the real effect; adjusting for a collider invents an effect. More covariates is not automatically better.
Q.  Why is treating an ordinal scale as interval a problem?
A.  Ordinal categories (mild, moderate, severe) have order but unknown, unequal spacing. Treating them as equally spaced numbers can distort effect estimates and significance. It is sometimes defensible, but it is an assumption that should be stated and checked.
4 · Applied exercise — Construct-audit table: defining, measuring, and stress-testing a key variable (40 min)
Materials. A printed handout (provided below; nothing to search for) containing the Methods excerpts of two short studies on the same topic, physical activity and depression, plus a five-column construct-audit template: (1) construct, (2) how the study defines it, (3) how the study measures it, (4) reliability/validity evidence given, (5) measurement or causal-specification threat and its likely effect on the finding.
Task (for students). For each provided study excerpt, complete one row of the audit table, recording how the study defines and measures its key construct, what reliability or validity evidence it offers, and where a measurement error or causal-specification problem could distort the reported association.
Student instructions:
1. Read both Methods excerpts on the handout and identify the single key construct each study is trying to capture (here, physical activity).
1. In column 2, write the study's conceptual definition of that construct in your own words; in column 3, write the exact operational measure it used (instrument, units, time frame).
1. In column 4, record any reliability or validity evidence the excerpt gives for that measure (test-retest, validation against a gold standard, a cited coefficient), and write 'none stated' if the excerpt gives none.
1. In column 5, name the most serious measurement or causal-specification threat: for example construct-irrelevant variance, recall or social-desirability bias in self-report, treating an ordinal scale as interval, reverse causation, or residual confounding.
1. For each study, state the likely direction of the effect on the reported association (bias toward the null from non-differential measurement error, or away from the null), and explain in one sentence why.
1. Compare the two rows and underline the single study whose key finding is most fragile, with a one-clause reason naming the deciding weakness.
Worked example — present to students
Given. Study X (cross-sectional, n=900). Defines physical activity as habitual energy expenditure. Measures it with a single question: 'On how many of the past 7 days were you physically active for at least 30 minutes?' Respondents who report fewer active days score higher on a depression scale. No reliability or validity evidence is reported for the activity question. Authors conclude that physical activity protects against depression.
Solution (walk through on the board):
1. Construct and definition: the key construct is physical activity, defined conceptually as habitual energy expenditure.
1. Operational measure: a single self-report item counting active days in the past 7 days, a crude ordinal proxy for a continuous construct.
1. Reliability/validity evidence: none stated, so we cannot tell how much construct-irrelevant variance the item carries; recall and social-desirability bias are both plausible.
1. Threat: self-report measurement error is likely non-differential with respect to depression status here, which biases the observed association toward the null, meaning the true protective association could be larger than reported; but the cross-sectional design also permits reverse causation, since depressed people may simply move less.
1. Net read: the measure is weak and the design cannot establish direction, so the causal claim rests on a single unvalidated item plus an untestable time order.
	Answer:
The finding is fragile: a single unvalidated self-report item plus a cross-sectional design means measurement error likely attenuates the association while reverse causation could manufacture it, so 'physical activity protects against depression' is not supported as stated.


Assignment practice — hand out
Practice 1: a validated accelerometer cohort.  Study Y (prospective cohort, n=3,200, 4-year follow-up). Defines physical activity as moderate-to-vigorous activity measured objectively. Measures it with a hip-worn accelerometer for 7 days at baseline (minutes/day of moderate-to-vigorous activity), validated against doubly-labelled water with a reported correlation of r=0.78; participants free of depression at baseline were followed and depression was assessed by structured clinical interview at year 4. Higher baseline activity predicted lower 4-year incidence of depression.
Task.  Complete the audit row for Study Y (construct, definition, measure, reliability/validity evidence, threat and likely effect), then state in one sentence how its key finding compares in strength to Study X's.
	Solution (answer key):
Construct: physical activity, defined as objectively measured moderate-to-vigorous activity. Measure: 7-day hip accelerometer, minutes/day, a continuous interval-level measure. Reliability/validity: explicit validation against doubly-labelled water, r=0.78, a strong gold-standard criterion-validity claim, far better than Study X's silence. Threat: residual confounding (baseline health, chronic illness, and socioeconomic status could drive both activity and later depression and are not necessarily fully adjusted), plus a single 7-day baseline window may not capture habitual activity over 4 years (regression dilution toward the null). Likely effect: any non-differential measurement error and the single-window problem bias toward the null, so the protective association is likely real and possibly understated; residual confounding could inflate it, but the prospective design and validated objective measure rule out the reverse-causation and recall problems that sink Study X. Comparison: Study Y's finding is substantially stronger because objective validated measurement plus a prospective design with baseline-free participants establishes time order and removes the two threats (unvalidated self-report and reverse causation) that make Study X's claim fragile.


Practice 2: an ordinal scale treated as interval.  Study Z (cross-sectional, n=1,500). Defines physical activity as self-rated activity level. Measures it with a 4-point item (1=sedentary, 2=light, 3=moderate, 4=vigorous) and treats the 1-4 codes as an interval variable, entering the mean score (reported as 2.6) into a linear regression on a depression scale. Test-retest reliability of the item over 2 weeks is reported as 0.71. Each one-unit increase in the activity score is associated with a 1.8-point lower depression score.
Task.  Complete the audit row for Study Z, paying particular attention to the measurement level of the activity variable, and state whether treating it as interval is defensible and what it does to the reported coefficient.
	Solution (answer key):
Construct: physical activity, defined as self-rated activity level. Measure: a 4-point ordinal item (sedentary to vigorous). Reliability/validity: test-retest reliability 0.71 is reported (moderate consistency), but no validity evidence against any external criterion, so the item could be reliably measuring the wrong thing. Threat: the central error is treating an ordinal 1-4 code as interval, which assumes the gap from sedentary to light equals the gap from moderate to vigorous; that is almost certainly false, since true energy-expenditure differences between adjacent categories are unequal. Consequences: the mean of 2.6 is not interpretable as a real quantity, and the '1.8-point per unit' slope mixes unequal real-world increments into one number, so the coefficient is biased by an unknown amount and direction and cannot be read as a constant dose-response effect. Verdict: treating the scale as interval is not defensible here; the item should be modelled with ordered categories (or indicator variables), and the linear slope as reported should not be trusted. Reliability being acceptable (0.71) does not rescue it, because reliability is not validity and does not fix a wrong measurement level.


	What good work looks like:
Strong work names the exact construct and its operational measure (for example physical activity by single-item self-report versus 7-day accelerometer), records whatever reliability or validity evidence the excerpt gives or flags 'none stated', and links the measurement or specification flaw to a specific likely direction of bias rather than a vague 'this is biased'. The best answers separate reliability from validity (a reliable item, r=0.71, can still be invalid), distinguish non-differential measurement error (attenuation toward the null) from reverse causation and residual confounding, and catch the ordinal-as-interval error in Study Z. Common errors to correct: rating a study highly just because it reports a reliability coefficient; assuming all measurement error inflates associations when non-differential error usually attenuates them; missing that a cross-sectional design cannot establish time order; and accepting a mean of an ordinal code as a meaningful quantity.


Debrief. Land the rule in one line: a causal claim is only as strong as its weakest measure, and reliability, validity, measurement level, and time order each have to hold before the association can be believed; these two rows are the Week 7 Construct Audit milestone in miniature.
5 · Capstone studio (46 min)
Run it:
1. Open the term-project document to Part 2, Week 7 and read the milestone aloud.
1. Students build the construct-audit table across their portfolio studies.
1. Circulate and ask each student to name one construct that is measured weakly across their studies.
1. Mini-conference prompt: 'If the key measure has error, which way does it push the association?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 7) as the live brief and rubric.


Exit ticket and preview
Name the central construct in your topic and the single biggest measurement worry. Complete the Lesson 8 module before next class.
Instructor preparation
1. Whiteboards for the warm-up DAG.
1. DAG scenario on the board; a paradox slide.
1. Two studies and the construct-audit template on Canvas.
1. Open the term-project document to Week 7.


Lesson 8 · Sampling Selection and External Validity
Term week 9  ·  Three-hour session
Work through selection mechanisms and external validity, from Berkson's bias to transportability. Each named mechanism is cued so a substitute can run the matching activity confidently.
Learning objectives
1. Explain Berkson’s bias and identify when hospital-based sampling distorts exposure-outcome associations
1. Describe the healthy worker effect and interpret standardized mortality ratios in occupational epidemiology
1. Distinguish attrition bias from nonresponse bias and evaluate strategies for mitigating each
1. Recognize prevalence-incidence (Neyman) bias and explain how cross-sectional designs miss rapidly fatal cases
1. Identify survivorship bias in cohort studies and its implications for causal inference
1. Evaluate transportability of study findings to target populations with differing characteristics
1. Critically assess whether epidemiological studies have adequately addressed selection-related threats to validity
Before class (flipped preparation)
Students complete the Lesson 8 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 — Name that selection bias (10 min)
Set-up. Slide: 'A hospital study finds two diseases are associated. In the community they are unrelated. Both diseases independently raise the chance of being hospitalised.'
Run it:
1. Students name the mechanism and explain in one sentence why the hospital sample creates a false association (two minutes).
1. Reveal Berkson's bias with the notes.
	What to surface (facilitator notes):
1. This is Berkson's bias: selection into the hospital sample is caused by both conditions, so they appear correlated among the admitted.
1. It is a special case of collider bias, where 'being in the study' is the collider.
1. The fix is sampling from the source population, not from a selected subgroup.


2 · Co-construction review (34 min)
Activity 1: Match the mechanism
Matching, groups  ·  18 min
Materials. Cards naming mechanisms (Berkson's bias, healthy-worker effect, prevalence-incidence or Neyman bias, survivorship bias) and cards describing scenarios that produce each.
Run it:
1. Groups match each mechanism to its scenario and state the direction of the resulting bias (seven minutes).
1. Groups defend the trickiest match.
1. Correct with the notes.
	Prompt to pose (read aloud):
Match each selection mechanism to the scenario that produces it, and say which way it biases the estimate.


	Facilitator talking points (the content you need):
1. Healthy-worker effect: employed groups are healthier than the general population, so occupational studies can understate harm; interpret standardised mortality ratios with this in mind.
1. Prevalence-incidence (Neyman) bias: cross-sectional or prevalent-case sampling misses rapidly fatal cases, distorting the exposure-outcome picture.
1. Survivorship bias: studying only those who survived to be observed hides the experience of those who did not.
1. Berkson's bias: selection caused by two conditions makes them look associated.


Close. Students note which mechanism most threatens their own studies.
Activity 2: Will it transport?
Judgement, pairs  ·  16 min
Materials. A slide describing a result from one population and a different target population (for example, a trial in middle-aged men applied to older women).
Run it:
1. Pairs decide whether the result transports and list the characteristics that would have to match for it to hold (five minutes).
1. Pairs report; you build a list of transportability conditions.
1. Separate internal from external validity.
	Prompt to pose (read aloud):
Would this result transport to the target population, and what would have to be true for it to hold?


	Facilitator talking points (the content you need):
1. Internal validity is whether the result is correct for the studied sample; external validity is whether it generalises to another population.
1. Transportability depends on whether effect modifiers differ between the studied and target populations.
1. A perfectly internally valid study can still fail to transport.


Close. Students state to whom their headline finding does and does not transport.
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.  Internal or external validity: which comes first?
A.  Internal validity comes first. If a result is not valid for the people studied, generalising it is meaningless. Once internal validity holds, external validity asks who else it applies to. A flawless trial in an unrepresentative sample can still mislead about the broader population.
Q.  Which way does selection bias push the estimate?
A.  It depends on the mechanism and who is selected; it can bias toward or away from the null. That is why we name the mechanism and reason about direction rather than assuming. The healthy-worker effect typically understates harm; Berkson's typically manufactures association.
Q.  Is a non-representative sample always a fatal flaw?
A.  No. It threatens external validity, not necessarily internal validity. A study can be internally sound and still only speak to its own population. Whether that is fatal depends on the question you are asking of it.
4 · Applied exercise — External-validity audit: does the finding transport? (40 min)
Materials. A one-page audit sheet plus a printed study brief (provided below; nothing to look up). The brief gives each study's source population, sampling frame, recruitment method, participation rate, the headline effect, and the candidate target population. The audit sheet has five columns: studied population, sampling/recruitment, plausible effect modifier, target population, transports? (yes / partly / no) with the reason.
Task (for students). For a provided study brief, decide to which target population the result transports and to which it does not. Your reason must name the specific characteristic (an effect modifier or a sampling distortion) that differs between the studied and target populations and explain why that difference would change the result.
Student instructions:
1. Read the brief and write the studied population in your own words: who was actually enrolled, not who the authors hoped to describe.
1. Note the sampling frame and recruitment route, and flag any selection mechanism baked in (hospital-based admission, volunteer recruitment, an occupationally fit workforce, survivors of an acute event).
1. List one or two plausible effect modifiers: baseline risk, age, comorbidity, care setting, or adherence. An effect modifier is a factor across which the size or direction of the effect genuinely differs.
1. Compare the studied population with the named target population on those modifiers, and decide whether they match closely, partly, or poorly.
1. Record a judgement of transports yes / partly / no, and in one sentence name the single deciding difference and say which way it pushes the result (toward larger, smaller, or reversed effect).
1. State one thing the authors could report that would let a reader check transportability themselves (a subgroup estimate, the participation rate by group, or the baseline-risk distribution).
1. Separate internal from external validity in a final line: confirm the study is internally sound for its own sample before judging whether it travels.
Worked example — present to students
Given. A randomized trial enrols adults with established cardiovascular disease (high baseline risk). Over 5 years the drug cuts the risk of a major cardiac event from 20% to 15%. That is a relative risk reduction of 25% and an absolute risk reduction of 5 percentage points, so the number needed to treat is 1 / 0.05 = 20. A clinic wants to apply the result to healthy 40-year-olds whose 5-year baseline risk is about 2%.
Solution (walk through on the board):
1. Studied population: secondary-prevention patients, 5-year baseline event risk 20%. Target population: primary-prevention adults, baseline risk about 2%.
1. Candidate effect modifier: baseline risk. A relative effect can be stable while the absolute benefit tracks baseline risk.
1. Assume the same 25% relative reduction holds in the low-risk group: 2% baseline becomes 2% x (1 - 0.25) = 1.5%, an absolute reduction of only 0.5 percentage points.
1. Number needed to treat in the target group: 1 / 0.005 = 200, against 20 in the trial. The same pill prevents one event per 20 treated in the trial but one per 200 in the low-risk group.
1. Harms (side effects, cost) do not shrink with baseline risk, so the benefit-to-harm balance is far less favourable in the low-risk group even though the relative effect is unchanged.
1. Internal validity is not the issue: the trial can be perfectly valid for its own high-risk sample and still mislead if its absolute benefit is read across to a low-risk group.
	Answer:
Transports partly: the 25% relative risk reduction plausibly carries over, but the absolute benefit does not, because baseline risk is the deciding modifier (NNT 20 in-trial versus about 200 in healthy 40-year-olds).


Assignment practice — hand out
Practice 1: Healthy worker effect.  A cohort of currently employed factory workers exposed to a solvent is followed for mortality and compared with the general adult population of the same age and sex. The workers show a standardized mortality ratio (SMR) of 0.85, meaning 15% fewer deaths than expected. Recruitment was restricted to people well enough to be in active employment; the general-population comparison includes people too sick to work. A regulator wants to use the SMR of 0.85 to argue the solvent is harmless for the wider public.
Task.  State whether the result transports to the general public, and in one sentence name the deciding sampling distortion and which way it biases the comparison.
	Solution (answer key):
Does not transport as a safety claim. The deciding distortion is the healthy worker effect: the workforce was selected for being fit enough to work, so it is healthier at baseline than the general population that includes the unable-to-work, which biases the SMR downward. An SMR below 1 against the general population is therefore expected even for a harmful exposure; the right comparison is an internal one (higher-exposed versus lower-exposed workers), and a value of 0.85 cannot support 'harmless for the public'.


Practice 2: Screening program transportability.  A screening program for a cancer is evaluated in a high-incidence region where the disease prevalence is 1%. Using a test with sensitivity 90% and specificity 90%, planners report that a positive result carries a positive predictive value (PPV) of about 8.3%. A second region with the same test wants to adopt the program, but its disease prevalence is only 0.1%, one tenth as high. (PPV = (sens x prev) / [sens x prev + (1 - spec) x (1 - prev)].)
Task.  State whether the reported PPV transports to the low-prevalence region, and in one sentence name the deciding modifier and which way it pushes the PPV.
	Solution (answer key):
Does not transport. The deciding modifier is disease prevalence, which sets PPV even when sensitivity and specificity are fixed. Check the high-incidence figure: (0.90 x 0.01) / [(0.90 x 0.01) + (0.10 x 0.99)] = 0.009 / (0.009 + 0.099) = 0.009 / 0.108 = 0.083, about 8.3%. In the low-prevalence region: (0.90 x 0.001) / [(0.90 x 0.001) + (0.10 x 0.999)] = 0.0009 / (0.0009 + 0.0999) = 0.0009 / 0.1008 = 0.0089, about 0.9%. The same test yields roughly 8.3% PPV in the high-incidence region but under 1% in the low-prevalence one, so most positives there are false, and the original PPV must not be carried across.


	What good work looks like:
Strong work names a concrete difference between the studied and target populations (baseline risk, the fitness criterion behind the healthy worker effect, disease prevalence, age, comorbidity, or care setting) and explains the mechanism by which it changes the result, including the direction of the shift. A weak audit only asserts 'the sample was not representative' without naming which difference matters or which way it bites. Internal validity is addressed first: a study can be perfectly valid for its own sample and still fail to transport. Common errors to correct: treating a relative effect and an absolute effect as interchangeable across baseline-risk levels (the statin case); reading an SMR below 1 as evidence of safety when the healthy worker effect manufactures it; and forgetting that predictive values move with prevalence while sensitivity and specificity do not.


Debrief. Land the rule in one line: a finding transports only as far as its effect modifiers and sampling frame allow, so the audit must name the deciding difference, not just call the sample unrepresentative. This audit is the Week 8 milestone.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 8 and read the milestone aloud.
1. Students run the external-validity audit across their studies.
1. Circulate and ask each student to name the effect modifier that most limits transport.
1. Mini-conference prompt: 'Who is missing from these samples, and does that change the conclusion for your question?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 8) for the brief and rubric.


Exit ticket and preview
Name one population your evidence does not transport to and why. Complete the Lesson 9 module before next class.
Instructor preparation
1. Berkson warm-up slide.
1. Mechanism and scenario cards; a transportability slide.
1. A study and the external-validity audit sheet on Canvas.
1. Open the term-project document to Week 8.


Lesson 9 · Information Bias and Data Quality
Term week 10  ·  Three-hour session
Separate the forms of information bias and predict their direction on study results. The direction-of-bias reasoning is the crux and is fully cued.
Learning objectives
1. Distinguish nondifferential from differential misclassification and predict their effects on study results
1. Identify recall bias and social desirability bias in epidemiological research designs
1. Explain observer bias, detection bias, and surveillance bias in screening and cohort studies
1. Describe regression dilution bias and its impact on exposure-outcome associations
1. Recognize digit preference and measurement heaping as sources of data quality problems
1. Evaluate strategies for minimizing information bias in study design and analysis
1. Critically assess whether epidemiological studies have adequately addressed information bias threats
Before class (flipped preparation)
Students complete the Lesson 9 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 way does it push? (10 min)
Set-up. Slide with two short misclassification scenarios, one non-differential (errors unrelated to the other variable) and one differential (errors related to it).
Run it:
1. For each scenario, students decide whether the misclassification is differential or non-differential and predict the effect on the estimate (three minutes).
1. Reveal the directions with the notes.
	What to surface (facilitator notes):
1. Non-differential misclassification (random with respect to the other variable) usually biases the estimate toward the null, weakening a real association.
1. Differential misclassification (related to the other variable) can bias in either direction and is more dangerous.
1. Caveat: with three or more exposure categories, non-differential error can occasionally bias away from the null, so reason rather than assume.


2 · Co-construction review (34 min)
Activity 1: Predict the direction
Reasoning, groups  ·  18 min
Materials. Three short scenarios of exposure or outcome misclassification on a slide.
Run it:
1. Groups classify each as differential or non-differential and predict the direction of bias (seven minutes).
1. Groups report; you reconcile with the notes.
1. Stress the null-ward tendency of non-differential error and its exceptions.
	Prompt to pose (read aloud):
For each scenario, classify the misclassification and predict whether it inflates or deflates the association.


	Facilitator talking points (the content you need):
1. Non-differential binary misclassification dilutes the true association toward the null.
1. Differential misclassification (recall differs by case status; detection differs by exposure) can push either way.
1. Always state your assumed direction; it is part of an honest appraisal.


Close. Students note the misclassification they most suspect in their own studies.
Activity 2: Name the bias
Spot-it, pairs  ·  16 min
Materials. Short study snippets each illustrating recall bias, social-desirability bias, observer bias, or detection (surveillance) bias.
Run it:
1. Pairs label each snippet with the specific information bias (five minutes).
1. Pairs report; you list each bias and a design fix.
1. Introduce regression dilution as a measurement artefact.
	Prompt to pose (read aloud):
Name the specific information bias in each snippet and one design feature that would reduce it.


	Facilitator talking points (the content you need):
1. Recall bias: cases remember exposures differently; use records or validated instruments.
1. Social-desirability bias: respondents under-report stigmatised behaviour; use confidential or indirect measures.
1. Observer and detection bias: those who know exposure status look harder for outcomes; use blinding and standard protocols.
1. Regression dilution: random measurement error in a continuous exposure flattens the dose-response slope.


Close. Students record one design fix relevant to their topic's main bias.
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.  Why does non-differential error bias toward the null?
A.  Random misclassification blurs the contrast between exposed and unexposed (or cases and controls), making the groups look more alike than they are, which shrinks the estimated association toward no effect. The intuition: noise hides signal. The known exception is with multiple exposure categories, where it can occasionally bias away from the null.
Q.  How is detection bias different from real effect?
A.  If exposed people are monitored more closely, you find more outcomes in them simply because you looked harder, not because the exposure caused them. The fix is equal surveillance and blinded outcome assessment so detection does not track exposure.
Q.  What is regression dilution and why care?
A.  When a continuous exposure is measured with random error, the estimated slope between exposure and outcome is flattened, understating the true association. It matters because it makes real risks look smaller, and it can be partly corrected with repeated or validated measurements.
4 · Applied exercise — Information-bias audit: naming the bias and signing its direction (40 min)
Materials. A printed handout with two short study abstracts (Dossier A and Dossier B, provided below) plus a four-column audit sheet: bias name | differential or non-differential | predicted direction (toward or away from the null, or unsigned) | the measurement detail in the abstract that justifies it. Nothing to search for; every detail needed is in the abstracts.
Task (for students). For each provided study abstract, catalogue the plausible information biases. For every bias you name, classify it as differential or non-differential, predict the direction it pushes the reported association, and quote the specific measurement detail that justifies the worry.
Student instructions:
1. Read the abstract and identify how the exposure was measured and how the outcome was measured (instrument, who reported, and when).
1. Ask whether measurement error in the exposure could depend on outcome status, or error in the outcome could depend on exposure status. If yes, the misclassification is differential; if the error is unrelated to the other variable, it is non-differential.
1. For each suspected bias, write its specific name (recall bias, social desirability bias, observer/detection bias, regression dilution, digit preference) rather than the generic phrase 'measurement error'.
1. Predict the direction. Use the rule: non-differential misclassification of a binary exposure usually biases the association toward the null; differential misclassification can bias in either direction, so state which way and why for this study.
1. Quote the exact phrase from the abstract that creates the worry (for example 'cases were interviewed about diet after diagnosis').
1. Mark any bias whose direction you genuinely cannot sign as 'unsigned', and state the missing information that would let you sign it.
1. Choose the one bias you think most threatens the study's conclusion and write a one-sentence verdict on whether the reported association is likely overstated, understated, or uncertain.
Worked example — present to students
Given. A case-control study reports that high cured-meat intake is associated with stomach cancer (odds ratio 1.9). Exposure was measured by asking participants to recall their cured-meat consumption over the previous ten years. Cases were interviewed in hospital after their cancer diagnosis; controls were healthy shoppers interviewed in a mall. Both groups used the same food-frequency questionnaire.
Solution (walk through on the board):
1. Exposure measurement is self-reported recall over ten years, so recall error is certain; the question is whether that error differs between cases and controls.
1. Cases were interviewed after diagnosis. A patient searching for a reason for their cancer is more likely to over-report a suspected 'bad' food than a healthy control is. Error in the exposure therefore depends on outcome status, which makes this differential misclassification (specifically recall bias).
1. Direction: if cases over-report cured meat relative to controls, exposed-case counts are inflated, which pushes the odds ratio up. The reported OR of 1.9 is therefore likely biased away from the null, i.e. overstated.
1. A second, separate worry is social desirability acting on both groups, but if it acts equally it is non-differential and would pull toward the null; here the setting difference (hospital cases versus mall controls) makes differential recall the dominant concern.
1. The quoted detail that justifies the worry is 'Cases were interviewed in hospital after their cancer diagnosis', because post-diagnosis recall is exactly the condition under which recall bias arises.
	Answer:
The leading bias is differential recall bias inflating exposure among cases, so the true association is probably weaker than the reported OR of 1.9. The estimate is likely overstated, not understated.


Assignment practice — hand out
Practice 1: Blood-pressure measurement in a cohort.  A cohort study examines whether higher systolic blood pressure predicts stroke. Blood pressure was measured once, at a single clinic visit, with a digital monitor; the reading was used to classify each person as 'hypertensive' or 'normotensive'. The investigators note that recorded systolic values cluster heavily on multiples of ten (120, 130, 140) and that a single reading is known to fluctuate substantially day to day. Outcome (stroke) was captured from complete hospital records and is considered accurate.
Task.  Name the information bias or biases affecting the exposure, classify each as differential or non-differential, and predict the direction of the bias on the blood-pressure to stroke association.
	Solution (answer key):
Two exposure problems. (1) Regression dilution from using a single, day-to-day-variable reading as the measure of usual blood pressure: this is random (non-differential) measurement error in a continuous exposure because the fluctuation is unrelated to who will have a stroke. It biases the estimated association toward the null, attenuating the true effect. (2) Digit preference / measurement heaping, shown by clustering on multiples of ten, which is a data-quality artifact; because it is unrelated to stroke status it is also non-differential and on its own pushes toward the null. The outcome is measured from complete hospital records and is accurate, so there is no differential outcome misclassification. Verdict: the reported association is likely understated; the true predictive effect of usual blood pressure on stroke is probably stronger than the single-reading analysis shows. The deciding detail is 'a single reading is known to fluctuate substantially day to day'.


Practice 2: Self-reported alcohol and an interviewer who knows the diagnosis.  A case-control study asks whether heavy alcohol use is associated with liver disease. Alcohol intake was collected by face-to-face interview. The interviewers knew which participants were liver-disease cases and which were controls, and they were instructed to 'probe more thoroughly where intake seemed implausibly low'. Participants self-reported their own drinking. Liver disease (the outcome) was confirmed by biopsy for every case.
Task.  Name the information bias or biases, classify each as differential or non-differential, and predict the direction of bias on the alcohol to liver-disease association.
	Solution (answer key):
Two biases push the same way. (1) Observer/interviewer bias: interviewers knew case status and probed cases harder for under-reported drinking, so exposure ascertainment differs by outcome status. This is differential misclassification and it raises recorded alcohol intake among cases relative to controls, biasing the odds ratio away from the null (overstated). (2) Social desirability bias leads everyone to under-report drinking; if it acted equally it would be non-differential, but combined with harder probing of cases it under-corrects controls more than cases, reinforcing the same upward (away-from-null) direction. The outcome is biopsy-confirmed for cases, so outcome misclassification is not the concern. Verdict: the reported association is likely overstated. The deciding detail is the instruction to 'probe more thoroughly where intake seemed implausibly low' applied by interviewers who knew case status.


	What good work looks like:
Strong work names the specific bias (recall, social desirability, observer/detection, regression dilution, digit preference) rather than writing 'measurement error', classifies it as differential or non-differential by asking whether error in one variable depends on the other, predicts a direction, and quotes the measurement phrase that justifies the worry. The reliable rule students should apply: non-differential misclassification of a binary exposure, and random error in a continuous exposure, bias toward the null (attenuation); differential misclassification can go either way and must be signed with a stated reason. Common errors to correct: calling every bias 'differential' by default; predicting attenuation for a differential bias without checking which group is mismeasured; forgetting that regression dilution and digit preference are non-differential and therefore attenuating here; and listing a bias with no quoted evidence from the abstract. An honest 'unsigned, because I would need to know X' earns credit when the abstract truly does not fix the direction.


Debrief. Land the rule in one line: non-differential error blurs toward the null, differential error can go either way, so the skill the Week 9 milestone rewards is signing the direction and quoting the measurement detail that justifies it.
5 · Capstone studio (48 min)
Run it:
1. Open the term-project document to Part 2, Week 9 and read the milestone aloud.
1. Students run the information-bias audit on their studies.
1. Circulate and ask each student to predict the direction of the worst bias they found.
1. Mini-conference prompt: 'Were exposure and outcome measured independently, or could one have influenced the other?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 9) as the live brief and rubric.


Exit ticket and preview
Name one information bias in your evidence and the direction you think it pushes the result. Complete the Lesson 10 module before next class.
Instructor preparation
1. Two-scenario warm-up slide.
1. Three misclassification scenarios; four bias snippets on slides.
1. A study and the information-bias audit sheet on Canvas.
1. Open the term-project document to Week 9.


Lesson 10 · Design Specific and Temporal Biases
Term week 11  ·  Three-hour session
Catch the design-specific and temporal biases that masquerade as real effects, especially in trials and screening. Immortal time and lead time are the crux and are cued in full.
Learning objectives
1. Identify biases unique to randomized controlled trials, including placebo effects, Hawthorne effects, and contamination
1. Explain how inadequate allocation concealment and blinding inflate treatment effect estimates
1. Define immortal time bias and describe how misclassifying person-time produces spurious protective associations
1. Distinguish lead-time bias from genuine survival benefit in cancer screening evaluations
1. Recognize time-window bias in case-control studies of medication effects
1. Differentiate period effects from cohort effects in repeated cross-sectional data
1. Critically evaluate whether epidemiological studies have adequately addressed design-specific and temporal bias threats
Before class (flipped preparation)
Students complete the Lesson 10 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 – 0:12
	Arrival and retrieval warm-up
	Low-stakes retrieval on the pre-class module

	0:12 – 0:46
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:46 – 0:58
	Question-and-answer clinic
	Field the anticipated questions below

	0:58 – 1:08
	Break
	

	1:08 – 1:48
	Applied exercise
	Hands-on task with an answer key below

	1:48 – 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 — Why does the drug look protective? (12 min)
Set-up. Slide: 'Patients who filled a prescription survived longer than those who did not. The medication looks protective.' Ask what is wrong.
Run it:
1. Students propose why the apparent benefit might be an artefact of how time was counted (three minutes).
1. Take two explanations; reveal immortal-time bias with the notes.
	What to surface (facilitator notes):
1. To fill the prescription, a patient had to survive long enough to fill it. That survival time is wrongly credited to the drug.
1. This is immortal-time bias: person-time during which the outcome could not occur is misclassified as exposed.
1. The fix is to align the start of follow-up with the start of exposure (a time-zero that does not guarantee survival).


2 · Co-construction review (34 min)
Activity 1: Trial-bias panel
Jigsaw, groups  ·  18 min
Materials. Four cards: placebo effect, Hawthorne effect, contamination/crossover, broken blinding or weak allocation concealment.
Run it:
1. Each group takes one trial bias and explains how it inflates or deflates the estimated treatment effect (six minutes).
1. Each group teaches its bias in sixty seconds.
1. Build a board mapping each bias to its direction of effect.
	Prompt to pose (read aloud):
For your assigned trial bias, explain the mechanism and which way it moves the estimated treatment effect.


	Facilitator talking points (the content you need):
1. Allocation concealment (hiding the upcoming assignment) prevents selection at randomisation; without it, sicker patients can be steered, inflating apparent benefit.
1. Blinding (after assignment) prevents differential co-treatment and outcome assessment; broken blinding inflates effects.
1. Placebo and Hawthorne effects raise outcomes in both arms but matter most when the control is untreated.
1. Contamination or crossover (controls get the treatment) dilutes the estimated effect toward the null.


Close. Students note which trial biases apply to any randomized evidence on their topic.
Activity 2: Immortal time and lead time
Diagnose, pairs  ·  16 min
Materials. Two short worked scenarios: one with immortal-time bias in a cohort, one with lead-time bias in cancer screening.
Run it:
1. Pairs diagnose each scenario and propose the design fix (six minutes).
1. Pairs report; you draw the time axis for each on the board.
1. Separate lead time from genuine survival gain.
	Prompt to pose (read aloud):
Diagnose each scenario, then draw the timeline that shows why the effect is an artefact.


	Facilitator talking points (the content you need):
1. Immortal time: misclassified person-time during which the outcome could not happen; fix the time-zero.
1. Lead-time bias: screening finds disease earlier, so survival measured from diagnosis looks longer even if death is not delayed.
1. Genuine benefit shifts the time of death, not just the time of diagnosis; mortality rate, not survival time from diagnosis, is the honest endpoint.


Close. Students flag any screening or treatment-timing study in their evidence.
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.  Lead-time bias or real survival benefit: how do I tell them apart?
A.  Compare mortality rates in the whole screened versus unscreened population, not survival measured from diagnosis. If screening only moves the diagnosis date earlier without postponing death, survival-from-diagnosis lengthens while the death rate is unchanged. A real benefit lowers the death rate.
Q.  Allocation concealment versus blinding: aren't they the same?
A.  No. Allocation concealment hides the next assignment before randomisation, preventing selective enrolment. Blinding hides the assigned group after randomisation, preventing biased co-treatment and outcome assessment. A trial can have one without the other.
Q.  Period effect or cohort effect: what's the distinction?
A.  A period effect hits everyone at a point in time (a new policy, a pandemic). A cohort effect tracks a birth or entry group as it ages (a generation with a shared early exposure). Repeated cross-sections can confuse the two if you are not careful.
4 · Applied exercise — Timing-artefact audit and bias-risk matrix (40 min)
Materials. A printed handout (provided below; nothing to search for). It contains three short study summaries (one trial, two observational), each giving the design, the timing detail that matters, and the raw counts or person-time. It also includes a blank bias-risk matrix: rows for the three studies, columns for selection bias, information bias, confounding, design-specific bias, and temporal bias, with a severity rating of low, moderate, or high in each cell.
Task (for students). For each provided study, decide whether its headline result reflects a genuine effect or a timing artefact (immortal time, lead-time, or time-window bias), and record the threat with a one-line justification in the matrix. Where the study reports counts, recompute the result both as published and after correcting the timing flaw.
Student instructions:
1. Read each study summary and write down its headline result in plain words (for example, the drug roughly halved the death rate).
1. Locate the timing detail: when does follow-up start, when is exposure assigned, and could a person be guaranteed to survive part of their counted time?
1. Name the candidate bias: immortal time (exposure assigned only after a survival period), lead-time (earlier diagnosis lengthens measured survival without delaying death), or time-window (cases and controls get unequal look-back periods for exposure).
1. For any study with counts, recompute the result after fixing the flaw: reassign immortal person-time to the unexposed group, compare age at death rather than time since diagnosis, or apply an equal exposure window to cases and controls.
1. Enter the threat in the correct matrix cell and rate its severity low, moderate, or high based on how much the corrected result moves.
1. Write one sentence per study naming the single timing fact that drove your rating and whether the published result survives correction.
Worked example — present to students
Given. Observational cohort: 200 patients discharged after heart failure, followed for 2 years. A patient is labelled a statin user if they filled a statin prescription at any point after discharge. Published analysis: 16 deaths among users over 160 person-years; 36 deaths among non-users over 200 person-years. The user label counts the entire 2-year follow-up as exposed time, including the weeks between discharge and the first prescription fill. Across all users, 40 person-years fall in that pre-fill window, with zero deaths in it because a patient must survive to fill a prescription.
Solution (walk through on the board):
1. Published rates: users 16 / 160 = 100 deaths per 1000 person-years; non-users 36 / 200 = 180 per 1000. Published rate ratio = 100 / 180 = 0.56, so statins appear to cut the death rate almost in half.
1. Spot the timing flaw: the pre-fill window is immortal time. A patient cannot be a user until they survive long enough to fill the prescription, so counting that survivor-only time as exposed loads the user group with guaranteed-alive person-years.
1. Correct it: move the 40 immortal person-years out of the user group and into the non-user group, where the patients actually were before filling. Deaths do not move, because there were none in that window. Users now have 160 minus 40 = 120 person-years; non-users have 200 plus 40 = 240.
1. Recompute: users 16 / 120 = 133 per 1000; non-users 36 / 240 = 150 per 1000. Corrected rate ratio = 133 / 150 = 0.89.
1. Compare: the rate ratio moves from 0.56 to 0.89, so most of the apparent 44 percent reduction was a timing artefact, not a treatment effect.
	Answer:
The headline benefit is largely immortal time bias: correcting the misclassified survivor time shrinks the rate ratio from 0.56 to 0.89, so the threat is rated high in the design-specific and temporal columns.


Assignment practice — hand out
Practice 1: a screening survival claim.  A cancer screening programme reports that screen-detected patients survive far longer than symptom-detected patients. In the data, a typical screen-detected patient is diagnosed at age 67 and dies at age 72. A typical symptom-detected patient is diagnosed at age 70 and dies at age 72. Survival is measured as time from diagnosis to death. The programme advertises the screen-detected survival as evidence that screening saves lives.
Task.  Identify the bias, recompute what the survival numbers actually show, and rate the temporal-bias severity low, moderate, or high with a one-sentence justification.
	Solution (answer key):
This is lead-time bias. Measured survival is 72 minus 67 = 5 years for screen-detected patients and 72 minus 70 = 2 years for symptom-detected patients, an apparent 3-year advantage. But both groups die at the same age, 72, so screening only moved the diagnosis date 3 years earlier without delaying death. The 3-year survival gain is entirely lead time and zero lives are saved on this evidence. Severity: high in the temporal column, because the entire advertised benefit is an artefact. A genuine benefit would require a lower or later mortality, for example death at an older age or fewer deaths, not just longer time since diagnosis.


Practice 2: a drug that looks protective.  A case-control study asks whether a painkiller protects against heart attacks. Cases are patients admitted with a first heart attack; exposure is assigned by asking whether they ever used the painkiller before the date of their heart attack. Controls are healthy people; exposure is assigned by asking whether they ever used it before the interview date, which on average is well after the cases' heart-attack dates, giving controls a longer look-back period. With an equal look-back window, 50 of 100 cases and 50 of 100 controls are classified as exposed. With the longer control window actually used, 50 of 100 cases but 70 of 100 controls are classified as exposed.
Task.  Identify the bias, compute the odds ratio under both windows, and rate the temporal-bias severity low, moderate, or high with a one-sentence justification.
	Solution (answer key):
This is time-window bias. With an equal window the exposure odds are 50/50 in cases and 50/50 in controls, so the odds ratio is (50/50) divided by (50/50) = 1.0, meaning no association. With the longer control window, controls accumulate more chances to be labelled ever-exposed: odds ratio = (50/50) divided by (70/30) = 1 / 2.33 = 0.43, which looks like a 57 percent protective effect. That apparent protection is produced solely by giving controls more time to be exposed, not by any real drug effect. Severity: high in the temporal column, since equalising the window erases the effect. The fix is to assign cases and controls the same exposure look-back length.


	What good work looks like:
Strong work separates a genuine effect from a timing artefact and recomputes the corrected number rather than asserting bias. For the immortal-time study, look for the misclassified survivor time being reassigned to the unexposed group and the rate ratio moving toward the null (0.56 to 0.89). For lead-time, look for the recognition that equal age at death means zero lives saved and that survival from diagnosis is the wrong metric. For time-window, look for the equal-window odds ratio of 1.0 against the biased 0.43. Severity ratings should track how far the corrected result moves, not just whether a threat exists. Common errors to correct: reporting screening survival from diagnosis with no mortality or age-at-death comparison; counting pre-exposure follow-up as exposed time; allowing cases and controls unequal look-back windows; ticking a matrix cell without a one-line justification; and rating severity high when the corrected estimate barely moves.


Debrief. Land the rule in one line: when an exposure or a diagnosis date controls how person-time is counted, check whether the result survives a fair recount before believing it. This matrix is the Week 10 milestone and becomes the backbone of the final synthesis.
5 · Capstone studio (46 min)
Run it:
1. Open the term-project document to Part 2, Week 10 and read the milestone aloud.
1. Students build the bias-risk matrix across their portfolio studies, carrying forward selection, information, and measurement threats from earlier weeks.
1. Circulate and check that each cell has a one-line reason, not just a rating.
1. Mini-conference prompt: 'Which single bias most threatens your strongest study?'
	Source (do not reproduce here):
Refer to the term-project document (Part 2, Week 10) for the brief and rubric.


Exit ticket and preview
Name one temporal bias you found and the study it threatens. Complete the Lesson 11 module before next class.
Instructor preparation
1. Immortal-time warm-up slide.
1. Four trial-bias cards; two timing scenarios on slides.
1. Two studies and a bias-risk matrix template on Canvas.
1. Open the term-project document to Week 10.


Lesson 11 · Confounding and Statistical Inference
Term week 12  ·  Three-hour session
Pull confounding together with the statistical-inference problems that distort conclusions. The triage of confounding types and the missing-data mechanisms are cued for a substitute.
Learning objectives
1. Explain how confounding distorts exposure–outcome associations and identify classic examples
1. Distinguish confounding by indication and time-varying confounding from conventional confounding
1. Recognize model misspecification and multicollinearity as threats to valid inference
1. Interpret Simpson’s paradox, ecological fallacy, atomistic fallacy, and the modifiable areal unit problem
1. Describe how missing data mechanisms (MCAR, MAR, MNAR) influence analytic validity
1. Critically evaluate whether epidemiological studies have adequately addressed confounding and inferential threats to validity
Before class (flipped preparation)
Students complete the Lesson 11 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 – 0:46
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:46 – 0:58
	Question-and-answer clinic
	Field the anticipated questions below

	0:58 – 1:08
	Break
	

	1:08 – 1:53
	Applied exercise
	Hands-on task with an answer key below

	1:53 – 2:39
	Capstone studio
	Supervised term-project work (see term-project document)

	2:39 – 2:44
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — Name the third variable (10 min)
Set-up. Slide: 'Ice-cream sales correlate with drowning deaths.' Ask for the confounder.
Run it:
1. Students name the variable explaining the spurious association and sketch the path (two minutes).
1. Generalise the structure with the notes.
	What to surface (facilitator notes):
1. Hot weather raises both ice-cream sales and swimming, hence drownings; it is a common cause, the textbook confounder.
1. A confounder causes both exposure and outcome and is not on the causal path.
1. Control it by design (restriction, matching) or analysis (stratification, regression).


2 · Co-construction review (36 min)
Activity 1: Confounding triage
Sort and reason, groups  ·  18 min
Materials. Three case cards: ordinary confounding, confounding by indication (sicker patients get the treatment), time-varying confounding (a variable that is both a confounder and affected by past treatment).
Run it:
1. Groups match each case to its confounding type and propose a control strategy (seven minutes).
1. Groups report; you note why standard adjustment can fail for time-varying confounding.
1. Connect each to an appraisal question.
	Prompt to pose (read aloud):
Identify the type of confounding in each case and say how you would control it.


	Facilitator talking points (the content you need):
1. Ordinary confounding: adjust by stratification or regression, or prevent by design.
1. Confounding by indication: the reason for treatment relates to prognosis; especially severe in observational drug studies.
1. Time-varying confounding: a covariate affected by prior treatment and predicting future treatment; standard regression can bias it, and specialised methods are needed.
1. Naming the type tells you whether ordinary adjustment is enough.


Close. Students note which confounding type is hardest to rule out in their topic.
Activity 2: Inference-threat clinic
Diagnose, pairs  ·  18 min
Materials. A results table or two on a slide showing signs of model misspecification, multicollinearity (unstable, huge coefficients with wide intervals), or a missing-data problem; plus a small Simpson's-paradox table.
Run it:
1. Pairs diagnose the inference threat in each example (six minutes).
1. Pairs report; you interpret Simpson's paradox live.
1. Name the missing-data mechanisms.
	Prompt to pose (read aloud):
Diagnose the inference problem in each example, and explain what the pooled-versus-stratified reversal shows.


	Facilitator talking points (the content you need):
1. Multicollinearity inflates standard errors and destabilises coefficients; it does not bias prediction but wrecks interpretation of individual terms.
1. Simpson's paradox: an association can reverse when you stratify by a confounder, which is why pooled estimates can mislead.
1. Missing data: MCAR (missing completely at random) is benign; MAR (missing at random given observed data) is handleable; MNAR (missing not at random) can bias and cannot be fully fixed by the data alone.


Close. Students note any inference threat visible in their studies' tables.
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.  MCAR, MAR, MNAR: what's the practical difference?
A.  MCAR means missingness is unrelated to anything, so complete-case analysis is unbiased but less efficient. MAR means missingness depends only on observed variables, so methods like multiple imputation can recover validity. MNAR means missingness depends on the unobserved value itself, which no method fully fixes; you reason about its likely direction.
Q.  How do I tell confounding from mediation?
A.  A confounder is a common cause of exposure and outcome and you want to adjust for it. A mediator is on the causal path from exposure to outcome and you do not adjust for it if you want the total effect. The two look similar in a table but play opposite roles in a DAG.
Q.  Why is testing many associations a problem?
A.  Each test has a false-positive chance, so testing many inflates the odds that some 'significant' result is noise. Pre-specifying the main analysis, and treating exploratory findings as hypotheses, guards against being fooled by multiplicity.
4 · Applied exercise — Confounding-and-inference audit: stratify, then judge (45 min)
Materials. A printed handout (provided below; nothing to search for) containing two study dossiers. Each dossier gives the study's claim, a crude two-by-two or rate table, the same data split into two strata by a candidate confounder, and a short methods note covering confidence intervals, multiple testing, and missing data. A calculator or phone is enough; no software needed.
Task (for students). For each provided dossier, decide whether the headline association survives once you adjust for the candidate confounder, and whether the study's inferential reporting is sound. Compute the crude effect and the stratum-specific effects, name the confounder if the estimate changes, and flag any inference problems before writing a one-sentence verdict on how far the conclusion can be trusted.
Student instructions:
1. Read the dossier and write down the claimed association and the candidate confounder named in the methods note.
1. From the crude table, compute the crude measure of association (relative risk for rate tables, odds ratio for case-control tables). Keep two decimal places.
1. Compute the same measure separately within each stratum of the candidate confounder.
1. Compare: if the crude estimate sits outside the range of the two stratum estimates and the stratum estimates agree with each other, the variable is confounding the crude result; report the stratum (adjusted) estimate as the better one.
1. Check the inference line: are confidence intervals reported, how many comparisons were tested without adjustment, and what fraction of outcome data is missing and under what mechanism?
1. Assign a trust verdict (rely, use with caution, do not rely) and write one sentence that names the deciding fact: either the confounder that explains away the association or the inferential flaw that undermines it.
1. Two pairs report the dossier whose conclusion is least secure once confounding and inference are both weighed.
Worked example — present to students
Given. A case-control study claims coffee drinking is associated with pancreatic disease. Crude table (cases vs controls by coffee status): coffee drinkers 90 cases, 110 controls; non-drinkers 60 cases, 190 controls. Split by smoking: among smokers, coffee 80 cases / 20 controls and no-coffee 40 cases / 10 controls; among non-smokers, coffee 10 cases / 90 controls and no-coffee 20 cases / 180 controls. Methods note: no confidence intervals reported; smoking measured but not adjusted for.
Solution (walk through on the board):
1. Crude odds ratio = (90 x 190) / (110 x 60) = 17100 / 6600 = 2.59. On its face coffee looks strongly associated with disease.
1. Smokers stratum OR = (80 x 10) / (20 x 40) = 800 / 800 = 1.00.
1. Non-smokers stratum OR = (10 x 180) / (90 x 20) = 1800 / 1800 = 1.00.
1. Both stratum estimates equal 1.00 and agree with each other, yet the crude estimate is 2.59 and sits well outside that range, so smoking is confounding the crude result.
1. Mechanism: smokers are both more likely to drink coffee and more likely to have the disease, so the crude table mixes the smoking effect into the coffee comparison. The adjusted odds ratio is 1.00.
1. Inference flag: the study reports no confidence intervals, so even the crude estimate arrives with no stated uncertainty.
	Answer:
Do not rely on the causal claim. After stratifying by smoking the association disappears (adjusted OR 1.00 versus crude 2.59), so the apparent coffee effect is confounding by smoking, and the absence of confidence intervals compounds the problem.


Assignment practice — hand out
Practice 1: which surgery works better?.  A registry study compares two treatments for kidney stones and reports overall success rates. Crude success: Treatment A 273 of 350 (78.0 percent); Treatment B 289 of 350 (82.6 percent), so B looks better overall. The data split by stone size: small stones, A succeeds 81 of 87 and B succeeds 234 of 270; large stones, A succeeds 192 of 263 and B succeeds 55 of 80. Methods note: surgeons sent most large (harder) stones to Treatment A and most small stones to Treatment B; no confidence intervals reported.
Task.  Compute A and B success rates within each stone-size stratum, compare them with the crude rates, and give a one-sentence verdict naming the deciding fact.
	Solution (answer key):
Within small stones A succeeds 81/87 = 93.1 percent versus B 234/270 = 86.7 percent, so A wins. Within large stones A succeeds 192/263 = 73.0 percent versus B 55/80 = 68.8 percent, so A wins again. Treatment A is better in BOTH strata yet worse crude (78.0 vs 82.6 percent): this is Simpson's paradox driven by confounding by indication, because the harder large stones were preferentially assigned to A. Verdict: do not rely on the crude comparison; the deciding fact is that A outperforms B in every severity stratum once stone size is held constant, so the crude reversal is an artifact of how cases were allocated. (These are the Charig 1986 kidney-stone figures.)


Practice 2: does the drug raise mortality?.  An observational study claims a new drug raises death risk. Crude rates: treated patients 65 deaths of 250 (26 percent); untreated 30 deaths of 250 (12 percent), giving a crude relative risk of 0.26 / 0.12 = 2.17. Split by baseline severity: among low-severity patients, treated 5 deaths / 100 and untreated 10 deaths / 200; among high-severity patients, treated 60 deaths / 150 and untreated 20 deaths / 50. Methods note: clinicians gave the drug mainly to the sickest patients; 30 percent of treated patients were lost to follow-up and dropped from the analysis, mechanism not investigated; the paper tested 14 outcomes and highlighted only this one, with no multiplicity adjustment.
Task.  Compute the relative risk within each severity stratum, compare with the crude relative risk, and give a one-sentence verdict naming the deciding fact and any inference flaws.
	Solution (answer key):
Low-severity RR = (5/100) / (10/200) = 0.05 / 0.05 = 1.00. High-severity RR = (60/150) / (20/50) = 0.40 / 0.40 = 1.00. Both stratum RRs are 1.00 while the crude RR is 2.17, so baseline severity is confounding the result: the sickest patients (who die more regardless of treatment) were preferentially given the drug, which is confounding by indication, and the adjusted relative risk is 1.00 (no effect). Two inference flaws make it worse: 30 percent of treated patients were dropped with an uninvestigated missingness mechanism (possibly not missing at random), and one of 14 tested outcomes was highlighted with no multiplicity correction. Verdict: do not rely on the claim; the deciding fact is that the association vanishes after adjusting for severity, and selective outcome reporting plus heavy unexplained dropout further undermine it.


	What good work looks like:
Strong work computes the crude measure and the two stratum measures correctly, then states the rule it used: a variable is confounding when the crude estimate moves outside the range of stratum estimates that agree with each other, and the adjusted (stratum) estimate is the one to report. Good verdicts name the specific confounder (smoking, stone size, baseline severity) rather than 'confounding in general', check whether the analysis actually adjusted for it, and separately flag inference problems such as absent confidence intervals, untested multiplicity, or unexplained missing data. Common errors to correct: reporting the crude estimate as the answer; calling a variable a confounder without showing that the estimate changed; computing the odds ratio with the wrong diagonal; treating the Simpson's paradox case as effect modification when the stratum estimates are equal (it is confounding); ignoring the inference line once the confounding is resolved. The two dossiers are built on real, verifiable patterns (the smoking-coffee confounding example, the Charig 1986 kidney-stone reversal, and confounding by indication with informative dropout), so the computed numbers can be checked exactly.


Debrief. Land the rule in one line: a crude association is only trustworthy after you stratify, and a clean estimate still fails if the inference reporting (confidence intervals, multiplicity, missingness) does not hold up, which sets up next week's synthesis.
5 · Capstone studio (46 min)
Run it:
1. Open the term-project document to Part 2, Week 11 and read the milestone aloud.
1. Students finalise the confounding-and-inference audit and the full bias-risk matrix.
1. Circulate and ask each student to name the one confounder they cannot rule out across their evidence.
1. Mini-conference prompt: 'After all the threats, which study would you trust most, and why?'
	Source (do not reproduce here):
Use the term-project document (Part 2, Week 11) as the live brief and rubric.


Exit ticket and preview
Name the confounder you most worry about in your topic and whether your studies addressed it. Complete the Lesson 12 module before next class.
Instructor preparation
1. Ice-cream warm-up slide.
1. Three confounding-type cards; inference-threat and Simpson's-paradox tables on slides.
1. The ongoing bias-risk matrix and two studies on Canvas.
1. Open the term-project document to Week 11.


Lesson 12 · Integrated Appraisal of Epidemiological Research
Term week 13  ·  Three-hour session
Appraise a whole study as a chain of inferential decisions and synthesize across a body of evidence with calibrated confidence. This session consolidates the term and launches the final deliverable.
Learning objectives
1. Read a published study as a structured sequence of inferential decisions
1. Apply reporting frameworks (STROBE, CONSORT, PRISMA) to evaluate completeness
1. Conduct stepwise critical appraisal: question clarity, design alignment, internal validity, statistical inference, and external validity
1. Systematically identify selection bias, measurement error, and confounding threats
1. Distinguish red flags from quality indicators in epidemiological publications
1. Synthesize evidence across multiple studies, weighting by methodological rigor
1. Apply disciplined skepticism grounded in the methodological knowledge built throughout this course
Before class (flipped preparation)
Students complete the Lesson 12 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 – 0:48
	Co-construction review
	Rebuild the week's key ideas (scripted activities below)

	0:48 – 1:00
	Question-and-answer clinic
	Field the anticipated questions below

	1:00 – 1:10
	Break
	

	1:10 – 1:55
	Applied exercise
	Hands-on task with an answer key below

	1:55 – 2:41
	Capstone studio
	Supervised term-project work (see term-project document)

	2:41 – 2:46
	Exit ticket and preview
	Capture a takeaway; preview next module


1 · Retrieval warm-up — One red flag, one green flag (10 min)
Set-up. Ask students, from memory, for one red flag and one quality indicator they would look for on a study's first page.
Run it:
1. Round-robin: each student offers one red flag or one quality indicator (no repeats).
1. Build two columns on the board.
1. Use the notes to fill any gaps.
	What to surface (facilitator notes):
1. Red flags: no confidence intervals, a conclusion stronger than the design supports, undisclosed conflicts of interest, no pre-registration for a trial, selective outcome reporting.
1. Quality indicators: a registered protocol, a reporting checklist followed, sensitivity analyses, calibrated language, and limitations that name specific biases.
1. Appraisal is reading the paper as a sequence of decisions, each of which could have gone wrong.


2 · Co-construction review (38 min)
Activity 1: Stepwise appraisal relay
Relay, groups  ·  20 min
Materials. One shared study and five station prompts: question clarity, design fit, internal validity, statistical inference, external validity.
Run it:
1. Each group owns one station and appraises the study on that dimension (eight minutes).
1. Groups report in sequence so the whole appraisal is built live.
1. Close with a single overall verdict the room can defend.
	Prompt to pose (read aloud):
Appraise this study on your assigned dimension, then we assemble the full appraisal in order.


	Facilitator talking points (the content you need):
1. Question clarity: is there a precise, answerable question (PICO)?
1. Design fit: is the design capable of answering it?
1. Internal validity: selection, information, and confounding threats and their direction.
1. Statistical inference: appropriate measures, intervals, and handling of multiplicity and missingness.
1. External validity: to whom the result transports.
1. A verdict weighs these together rather than failing a study on one flaw.


Close. Groups keep the assembled appraisal as a model for the final portfolio entries.
Activity 2: Weighted synthesis
Rank and write, pairs  ·  18 min
Materials. A set of four to six study summaries on one question, varying in rigour, plus the class bias-risk matrices.
Run it:
1. Pairs rank the studies by methodological rigour using the matrix (six minutes).
1. Pairs write a one-paragraph synthesis that respects the ranking and states calibrated confidence.
1. Two pairs read their paragraph; the room critiques for overclaiming.
	Prompt to pose (read aloud):
Rank these studies by rigour, then write one paragraph on what the evidence supports, weighted by quality.


	Facilitator talking points (the content you need):
1. More weight goes to more rigorous studies; a single strong study can outweigh several weak concordant ones.
1. Calibrated language matches strength of claim to strength of evidence (consistent, suggestive, insufficient).
1. Concordance among biased studies is not strong evidence if they share the same bias.


Close. Students draft the synthesis paragraph that anchors their final deliverable.
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.  How do I weigh studies that disagree?
A.  Rank them by rigour rather than counting votes. Ask whether the disagreement comes from a difference in quality, population, or bias direction. A high-quality study that contradicts several weak ones can be more credible, especially if the weak ones share a bias that would produce their result.
Q.  What does a calibrated conclusion sound like?
A.  It matches the claim to the evidence: 'consistent observational evidence suggests an association, but residual confounding cannot be excluded, so confidence is moderate.' It avoids both false certainty and pretending we know nothing. GRADE formalises this idea of certainty ratings.
Q.  When is it fair to say 'the evidence is insufficient'?
A.  When the studies are few, biased in the same direction, or too heterogeneous to pool, and no high-quality study settles it. Saying so honestly is a valid scientific conclusion and earns full credit in the project.
4 · Applied exercise — Checklist appraisal drill: writing the calibrated paragraph (45 min)
Materials. A provided handout of three study excerpts (printed below; nothing to search for) plus a one-page reporting-checklist card. Each excerpt gives the study's design, question, methods, key result, and stated conclusion. The checklist card lists the three standard reporting guidelines and their item counts: STROBE (22 items, for observational studies: cohort, case-control, cross-sectional), CONSORT 2010 (25 items, for randomized controlled trials), and PRISMA 2020 (27 items, for systematic reviews and meta-analyses). No checklist asks you to score every item; you cite the few items that matter most for the verdict.
Task (for students). For a published study, decide how much to trust its main conclusion by appraising it against the matching reporting checklist, then write the one-paragraph appraisal you would attach to a literature review. Work through one provided excerpt with a partner and produce a paragraph that names specific checklist items met or missed, the direction of the main bias, and a calibrated verdict.
Student instructions:
1. Read the excerpt and identify the design (observational cohort, case-control, cross-sectional; randomized trial; or systematic review), then pick the matching checklist: STROBE, CONSORT, or PRISMA.
1. State the study question and the main reported result in one sentence each, so the verdict is anchored to a specific claim rather than the whole paper.
1. Check internal validity against two or three high-value checklist items for that design (for STROBE: how exposure and outcome were measured, and whether confounders were listed and adjusted; for CONSORT: randomization sequence, allocation concealment, and blinding; for PRISMA: the search strategy, eligibility criteria, and risk-of-bias assessment).
1. Name the single most serious threat (selection bias, measurement error, or confounding) and state its likely direction: would it push the reported effect away from the null (overstate it) or toward the null (understate it)?
1. Separate reporting quality from study quality: a study can report fully and still be weak, or be sound but reported poorly, so say which problem you are describing.
1. Write a four-to-six sentence appraisal: question, design and matching checklist, one or two specific items met or missed, the main bias and its direction, and a calibrated verdict (rely on it, use with caution, or do not rely on it).
1. Read your paragraph aloud with your partner and cut any sentence that would apply to almost any study, keeping only claims tied to this study's reported facts.
Worked example — present to students
Given. Excerpt. Design: hospital-based case-control study (1981). Question: does coffee drinking raise the risk of pancreatic cancer? Methods: 369 patients with pancreatic cancer (cases) and 644 hospital controls selected from the same physicians who treated the cases; controls were patients with other gastrointestinal conditions. Coffee intake was self-reported by interview. Result: a dose-response association, with an odds ratio near 2 to 3 for heavy coffee drinkers versus non-drinkers. Stated conclusion: coffee drinking is a likely cause of pancreatic cancer. Reported items: exposure measurement (interview) described; control source described; no adjustment for smoking is reported.
Solution (walk through on the board):
1. Design and checklist: this is a case-control study, so the matching guideline is STROBE (22 items), which covers cohort, case-control, and cross-sectional designs.
1. Internal-validity items: STROBE asks how exposure was measured and how controls were selected. Exposure was self-reported by interview, which invites recall bias because cases search their memory for a cause; controls came from the same gastrointestinal-disease pool, which can distort the comparison if those conditions also affect coffee intake.
1. The decisive missing item is confounder control: smoking is associated with both coffee drinking and pancreatic cancer, yet no adjustment for smoking is reported. That is uncontrolled confounding, the classic flaw in this study.
1. Direction of the bias: because smokers tend to drink more coffee and smoking raises pancreatic-cancer risk, the unadjusted odds ratio is pushed away from the null, overstating any coffee effect.
1. Reporting versus quality: the paper reports its methods reasonably clearly, so the problem is study design, not reporting. A clearly described study can still be confounded.
1. Calibration: a later, larger analysis that adjusted for smoking found the coffee association largely disappeared, which fits the predicted direction of the bias.
	Answer:
Verdict: do not rely on the causal claim. This STROBE-appraised case-control study leaves smoking unadjusted, a confounder that inflates the coffee-cancer odds ratio away from the null, so the dose-response is most likely confounded rather than causal. (This mirrors the real MacMahon 1981 coffee-pancreatic-cancer study, which failed to replicate once smoking was controlled.)


Assignment practice — hand out
Practice 1: a randomized trial.  Excerpt. Design: randomized controlled trial (parallel two-arm). Question: does a new physiotherapy program reduce chronic low-back-pain scores at 12 weeks versus usual care? Methods: 240 adults randomized 1:1 by a computer-generated sequence held centrally by a coordinator not involved in recruitment; the outcome was a self-reported pain score (0 to 10). Patients knew their group (physiotherapy involves active sessions), but the outcome assessor who phoned patients to record pain scores was blinded to allocation. Result: mean pain score 4.1 in the physiotherapy arm versus 5.0 in usual care, difference 0.9 points (95% CI 0.4 to 1.4). Reported: randomization method and allocation concealment described; assessor blinding described; analysis by intention to treat; 9 percent lost to follow-up, balanced across arms. Stated conclusion: the program produces a modest but real reduction in pain.
Task.  Match this study to its checklist, cite the two or three items that matter most, name the main residual threat and its direction, and give a calibrated one-paragraph verdict.
	Solution (answer key):
Checklist: a randomized controlled trial maps to CONSORT 2010 (25 items). High-value items met: the randomization sequence was computer-generated, allocation was concealed (central coordinator separate from recruiters), analysis was intention-to-treat, and loss to follow-up was low (9 percent) and balanced. The unavoidable weakness is blinding: patients knew their arm because physiotherapy is an active treatment, so a subjective self-reported pain score is vulnerable to performance and reporting bias. Direction: unblinded patients receiving an active, attention-rich treatment tend to report greater improvement, which pushes the effect away from the null and may overstate the 0.9-point difference. Mitigating this, the outcome assessor was blinded, which partly protects the recording of scores. Reporting quality is high; the residual concern is design-inherent for a behavioural intervention. Verdict: use with cautious confidence. The effect is small (0.9 points, CI 0.4 to 1.4) and the trial is well conducted on the items that can be controlled, but because patient blinding is impossible, treat the modest benefit as plausibly real yet likely at the optimistic edge.


Practice 2: a systematic review.  Excerpt. Design: systematic review with meta-analysis. Question: does vitamin D supplementation reduce the rate of acute respiratory infections in adults? Methods: the authors searched only PubMed, in English, for the years 2010 to 2020; they included 14 randomized trials. They state pre-specified eligibility criteria and assessed each trial with a named risk-of-bias tool. They did not register a protocol, did not search trial registries or other databases, and report a funnel plot suggesting possible small-study (publication) bias. Result: pooled relative risk 0.88 (95% CI 0.78 to 0.99) favouring supplementation. Stated conclusion: vitamin D modestly reduces respiratory infections.
Task.  Match this study to its checklist, cite the two or three items that matter most, name the main threat and its direction, and give a calibrated one-paragraph verdict.
	Solution (answer key):
Checklist: a systematic review with meta-analysis maps to PRISMA 2020 (27 items). Strengths on key items: pre-specified eligibility criteria and a named risk-of-bias assessment of included trials are reported. The serious shortfalls are also PRISMA items: the search covered only one database (PubMed), was restricted to English-language studies, and no protocol was registered, all of which raise the risk that eligible trials were missed and that the review is not reproducible. The main threat is publication and selection bias in the evidence base, reinforced by the authors' own funnel plot suggesting small-study effects. Direction: missing null or negative trials (English-only, single-database, with publication bias) inflates the apparent benefit, biasing the pooled relative risk away from the null, so the true effect is probably weaker than 0.88 and the upper confidence limit (0.99) already sits at the edge of no effect. Reporting and conduct problems compound here: the narrow search is a real methods weakness, not merely incomplete reporting. Verdict: use with caution. The pooled estimate is borderline and rests on an incomplete, unregistered search with signs of publication bias, so regard the modest protective effect as unconfirmed pending a comprehensive multi-database review.


	What good work looks like:
Strong work picks the correct checklist for the design (STROBE for observational, CONSORT for trials, PRISMA for reviews), cites two or three specific high-value items rather than scoring all of them, names one main bias and states its direction relative to the null, separates reporting quality from study quality, and ends with a calibrated verdict tied to the reported numbers. The three excerpts are modelled on real, verifiable cases (the MacMahon 1981 coffee study undone by smoking confounding; a well-conducted but necessarily unblinded behavioural RCT; an English-only single-database vitamin D review with funnel-plot publication bias), so you can point students to the real record afterwards. Common errors to correct: applying the wrong checklist to the design; listing generic worries that would fit any study; failing a study on a single item without weighing the others; stating a bias without its direction; and conflating 'reported clearly' with 'sound'. This paragraph is the template for every entry in the final literature review.


Debrief. Land it in one line: the verdict is the matched checklist plus the named bias plus its direction plus a calibrated call, never a generic list of doubts; this is exactly the paragraph each portfolio entry should read like.
5 · Capstone studio (46 min)
Run it:
1. Open the term-project document to Part 3 (the final integrated deliverable) and read the requirements and rubric aloud.
1. Students assemble the final review: the synthesis paragraph, the appraisal portfolio, and the bias-risk matrix.
1. Circulate and check that the conclusion's confidence matches the appraised evidence (no overclaiming).
1. Remind students of the peer-review step and the deadline for the final deliverable.
	Source (do not reproduce here):
Use the term-project document (Part 3 and Part 4) for the final-deliverable template and rubric. The final review and peer review are due in the examination period.


Exit ticket and preview
State your overall conclusion in one calibrated sentence. Review Lessons 7 to 12 for the final examination.
Instructor preparation
1. Board ready for the red-flag round.
1. One shared study and five station prompts; a set of study summaries for the synthesis.
1. A complete study and the matching reporting checklist on Canvas.
1. Open the term-project document to Parts 3 and 4.


Final Examination
Examination period  ·  Scheduled by the Registrar
Coverage. An examination in the formal examination period covering Lessons 7 to 12 (measurement and causal specification; sampling and external validity; information bias; design-specific and temporal biases; confounding and statistical inference; and integrated appraisal). The paper centres on diagnosing threats to validity in study vignettes.
Term project. The final The Critical Appraisal Portfolio deliverable and the peer review are due at the end of term, as set out in the term-project document. Hold studio time in the final teaching week for assembly.
Instructor preparation
1. Prepare the final examination and marking key for Lessons 7 to 12.
1. Confirm the Registrar-scheduled date, time, and room.
1. Open the final-deliverable and peer-review rubrics (term-project document).
1. Coordinate accommodations with the Centre for Accessible Learning.
Dr. Kiffer G. Card · SFU Faculty of Health Sciences    |    Page 
