
 
Name: _______________________________  Date:_______________ 

Unit 1.13B Experimental Design 
 
TEACHER INSTRUCTIONS 

Overview: Teams compare two paper airplane wing designs (wide wing versus narrow dart) for flight distance, but 
the real content is choosing the experimental design. Phase 1: teams draft all three designs (completely randomized, 
randomized block, matched pairs) for the same question. Phase 2, the Design Tribunal: each design is put on trial 
under realistic constraints, and teams must justify a final choice using the goals of the study, the characteristics of 
the units, AND practical feasibility, not just “there is an extraneous variable.” Phase 3: the class runs the winning 
matched pairs version and analyzes the differences. 
AP Alignment: LO 1.13.B (identify experimental designs) and, centrally, LO 1.13.C: one design may be more 
appropriate than another based on the goals of the investigative study, the characteristics of the population, and the 
sample and variables involved. The Tribunal forces justification on grounds beyond extraneous variables, which is 
exactly the part of 1.13.C most materials skip. 
Time: 50 to 60 minutes (Phase 3 can move to the next day).   Grouping: 3 to 4 students. 
Materials: Two sheets of paper per student, masking tape start line, hallway or gym floor with tile counts or a tape 
measure, folding instructions projected (any wide-wing glider and any narrow dart pattern). 

 

Setup and Facilitation 
1.  (10 min) Phase 1: Every team sketches all three designs for the question “Which wing design flies farther?” 
using the class as throwers. Require the standard design diagrams with arrows:  

units → random assignment → treatments → response. 

2.  (15 min) Phase 2, the Design Tribunal: project the three constraint cards below one at a time. For each card, 
teams have two minutes to rule which design survives and write a one-sentence justification. The rule of the 
Tribunal: a justification that only says “throwers differ in arm strength” is inadmissible; teams must argue from 
the constraint on the card (time, attrition, unit characteristics, or the study's goal). 

Constraint Card 1 (goal of the study): The airplane club wants to settle this today, in one class period, with a clear 
winner. Every extra measurement round costs five minutes. 
Constraint Card 2 (characteristics of the sample): Twelve of the throwers must leave halfway through class for a 
band rehearsal. Any design that needs every thrower present for two full rounds loses them entirely. 
Constraint Card 3 (variables involved): Arm fatigue: pilot data show a thrower's second set of throws averages 8% 
shorter than the first, no matter the plane. 

3.  (20 min) Phase 3: Run the survivor. Matched pairs with order randomization is the intended winner: each 
thrower throws BOTH designs, coin flip decides which comes first, three throws per design, record the median 
distance per design and the within-thrower difference (wide minus narrow). Class dot plot of the differences; 
discuss what a plot centered away from zero suggests. 

4.  (5 min) Exit ticket (on the handout): the FRQ-style justification prompt. 

Common misconceptions to listen for: matched pairs chosen “because it is always best” (Card 2 shows when it is 
not feasible for everyone); blocking treated as free (blocks cost time and organization); ignoring that randomizing 
ORDER is what neutralizes the fatigue effect from Card 3; analyzing the two treatment columns separately 
instead of the differences. 
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1.13B Class Activity – Flight School: Three Designs on Trial AP Statistics 
Name: ___________________________   Date: _________   Period: ___ 

Research question: Does the wide-wing glider fly farther than the narrow dart when thrown by students in this 
class? 

(1)  Phase 1. Sketch all three designs for this question, with diagrams: (i) completely randomized (each 
thrower randomly assigned ONE design), (ii) randomized block using a sensible blocking variable, (iii) 
matched pairs (each thrower throws both, order randomized). For (ii), state your blocking variable and why it 
is related to the response. 

 

 

 

 

 

 

 

 

 

 

(2)  Phase 2: Design Tribunal. For each constraint card, record which design(s) survive and your one-
sentence justification. Reminder: “arm strength varies” is inadmissible in the Tribunal; argue from the card. 

 

 

 

 

 

 

 

 



   
(3)  Phase 3. Record your two median distances and your difference (wide minus narrow). Add your 
difference to the class dot plot. What does the plot's center tell you? 

 

 

 

 

 

 

 

(4)  Exit ticket. A rival club with 60 members and two full weeks of meeting time plans the same study. Their 
advisor argues for a completely randomized design instead of matched pairs. Give one legitimate justification 
the advisor could offer, using a reason that is NOT about extraneous variables, and one condition under 
which you would overrule the advisor. 

 

 

 

 

  



   
1.13B Class Activity Solutions – Flight School AP Statistics 
 
1. (i) CRD: number all throwers, randomly select half for the wide wing, rest throw the dart; compare group mean 
distances. (ii) Block on a variable related to throwing distance, such as athletes in throwing sports versus 
everyone else, or by measured practice-throw distance grouped into thirds; within each block randomly assign 
half to each design. Blocking on something unrelated (alphabetical order) earns nothing. (iii) Matched pairs: every 
thrower throws both designs, coin flip per thrower decides order; analyze the within-thrower differences. 

2. Tribunal rulings (model answers). Card 1: the CRD is fastest (one round of throws, half the measurements) and 
fits the goal of a same-day answer; matched pairs doubles the measurement time. A team may also defend 
matched pairs by arguing fewer throwers are needed for the same precision; the point is the justification must 
weigh time against the study's goal. Card 2: matched pairs FAILS for the twelve departing throwers, since it needs 
each unit present for both conditions; the CRD (or a block design run in one round) keeps them, because each 
thrower needs only one condition. This is a population and sample characteristic argument, exactly LO 1.13.C. 
Card 3: matched pairs survives BECAUSE order is randomized: the 8% fatigue penalty falls on the wide wing for 
roughly half the throwers and the dart for the other half, so it cannot systematically favor a design. A CRD with all 
throws in one round is also defensible. Teams should notice the same design can win one card and lose another; 
“most appropriate” depends on the constraint. 

3. Expected outcome: differences plotted mostly on one side of zero if a design truly flies farther. Center near 
zero suggests no real difference for these throwers. The differences remove thrower-to-thrower variation, so the 
plot is far tighter than comparing two separate group plots. 

4. Exit ticket model: Legitimate advisor justification: with 60 members and two weeks, the club can afford a 
CRD's simpler logistics: one condition per member, no order randomization, no risk of members skipping the 
second round (attrition), and shorter sessions; with n = 30 per group, precision is already adequate for the club's 
goal of a rough ranking. Overrule condition: if member throwing ability varies enormously and the club wants to 
detect a SMALL difference between designs, the matched pairs design's precision is worth the logistics. Credit any 
answer pairing a non-extraneous-variable reason (time, attrition, logistics, sample size, study goal) with a 
coherent overrule condition. 

Teacher note: The Tribunal's inadmissibility rule is the whole point: students already know the extraneous variable 
argument from the notes, so this activity makes them exercise the OTHER half of LO 1.13.C. If a team smuggles 
“arm strength” into every answer, make them re-argue from the card. Mr. Kelly rules the courtroom; Mr. Brust 
just wants to throw planes. 

 


