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In 1.10B you learned that experiments impose treatments on experimental units. Just as 
poor sampling can wreck a survey, poor experimental design can bury a real treatment 
effect or manufacture a fake one.  The AP Exam expects you to identify each design 
principle and explain what it accomplishes. 

Scenario 1: What Makes an Experiment Well-Designed? 
 

THE VOLTRIDE SCOOTER EXPERIMENT 
 
VoltRide wants to know whether a new regenerative braking setting increases e-
scooter battery range. Engineers randomly assign 40 of 80 identical scooters to 
the new setting and 40 to the standard setting. Each scooter travels the same 
closed course with the same rider weight and under the same temperature 
conditions.  Engineers record miles traveled on one charge. 

Experimental units: the 80 scooters.   

Explanatory variable: braking setting, with levels new and standard.   

Response variable: miles traveled on one charge. 

 

 

 

 

 

 

 

 

 

 
 
 

Control group -  a group set aside for comparison. The standard-setting 
scooters serve as the control group. 

 
Extraneous variable - a variable that affects the response but is not 

being studied, such as battery age, route difficulty, 
rider weight, or temperature. 

 

CAREFUL  Random assignment balances what cannot be controlled; it does not 
make groups identical. Replication means multiple units per treatment WITHIN one 
experiment. 

1.13A Experimental Design 
Write your questions 
and thoughts here! 
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Scenario 2: Control Groups, Placebos, and the Placebo Effect 
 

THE HEADACHE MEDICATION TRIAL 
 

Researchers randomly assign 120 headache patients to a new pill, 
an identical-looking inactive pill, or no treatment. Forty patients 
receive each condition. Each patient reports pain on the same 0-to-
10 scale before treatment and again after 60 minutes. The 
response variable is the decrease in pain score.  For the two pill 
groups, neither the patients nor the nurses recording pain scores 
know which pill was given.  
 
Control group - a collection of experimental units set aside for comparison. The placebo 

and no-treatment groups provide two useful baselines. 
 
Placebo - an inactive treatment made to look and feel like the real treatment. The 

identical-looking inactive pill is the placebo. 
 
Placebo effect - the average response to a placebo minus the average response to no 

treatment. If pain drops 1.8 points with the placebo and 0.6 points with no 
treatment, the placebo effect is 1.8 - 0.6 = 1.2 points. 

 

CAREFUL  The placebo effect is measured against NO treatment, not against the new 
treatment. Compare the new pill with the placebo to estimate the pill's chemical effect. 

 

Blinding in the Headache Trial 
 
Single-blind (single-masked) - either the participants OR the research team 

members who interact with or measure them do not know the assignments. 
 
Double-blind (double-masked) - neither the participants nor the research team 

members who interact with or measure them know the assignments. 
 

 
The new-pill versus placebo comparison can be double-blind because the pills look 
identical and the assignment code can be hidden. Blinding patients limits expectation-
driven changes in reported pain; blinding nurses limits expectation-driven differences in 
measurement or interaction. 
 

CAREFUL  The no-treatment patients know they received no pill, so state exactly who is 
blinded. What matters is who interacts with or measures participants; a data analyst who 
never meets them may know the assignments. 

Write your questions 
and thoughts here! 
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Scenario 3: The FlippedMath Captions Experiment 

 
Mr. Brust and Mr. Kelly want to know whether on-screen captions improve quiz 
scores for students watching a FlippedMath lesson video. 
 
Mr. Brust: "My 3rd period watches with captions and my 7th without. Third period 

is going to crush that quiz." 
Mr. Kelly: "Third period would crush it watching the video upside down. You 

would be comparing classes, not captions." 
Mr. Brust: "Fine. Coin flips?" 
Mr. Kelly: "One hundred twenty volunteers, one coin flip each: captions or no 

captions. Same video, same room, same time limit, same quiz." 
 
(a)  Identify the experimental units, the treatments, and the response variable in 

Mr. Kelly's plan. 

(b)  Explain the purpose of randomly assigning students to the two versions of the 
video. 

(c)  Identify the comparison and replication. Then identify two variables Mr. Kelly 
directly controls. 

(d)  Explain why the students cannot be blinded, and describe how the experiment 
could still be single-blind. 

Write your questions 
and thoughts here! 



© The Algebros from FlippedMath.com 

1.13A Experimental Design 1.13A Practice 
Use the scenarios to answer the questions. 

1. For each experiment, identify the missing or violated principle: comparison, random assignment, replication, 
or direct control. 
(a) Every wrist-sprain patient receives a new wrap. Most improve within a week, so the clinic concludes the 

wrap works. 

(b) Students choose either a new tutoring app or the classic workbook program; final exam scores are 
compared. 

(c) An airline installs winglets on one jet, leaves a second jet unmodified, and compares fuel use for one 
month. 

 (d) Sixty saplings are randomly assigned to two fertilizers, but all Fertilizer A pots are kept in a sunny room 
and all Fertilizer B pots are kept in a shaded room. 

 

2. Researchers randomly assign 90 adults with mild insomnia to a tart cherry drink, a look-alike drink with no 
cherry extract, or no drink. A wrist monitor records sleep-onset time. The average decreases are 14, 9, and 2 
minutes, respectively. 

(a) Identify the placebo and explain why it is included. 

(b) Estimate the placebo effect and explain your reasoning. 
 

(c) Describe how to randomly assign the 90 volunteers to the three groups. 

(d) Explain why cherry drink versus look-alike drink better estimates the chemical effect than cherry drink 
versus no drink. 
 

(e) Describe how the experiment could be double-blind. 

 

1.13A Principles of Experimental Design 1.13A Test Prep: MC 

Choose the BEST answer. 

3.  A well-designed experiment must include which of the following? 
(A) A placebo group, so that the placebo effect can be measured 
(B) Random selection of experimental units from the population of interest 
(C) A double-blind procedure for measuring the response  
(D) Comparison of at least two treatment groups, random assignment, replication, and direct 

control of extraneous variation 
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4.  Mr. Bean tests a new homework playlist by letting students decide whether to complete 
assignments with the playlist or in silence, then compares assignment scores. The playlist group scores 
higher. Which principle of experimental design does Mr. Bean's study violate? 

(A) Random assignment, because students chose their own treatment groups 
(B) Replication, because only one playlist was tested 
(C) Comparison, because the study did not include two groups 
(D) Direct control, because the playlist volume was not recorded 

 

5.  In a three-group experiment, patients receiving an inactive pill reported an average pain reduction 
of 2.0 points, patients receiving no treatment reported an average reduction of 0.5 points, and 
patients receiving a new drug reported an average reduction of 3.4 points. The placebo effect is 
best estimated as 

(A) 3.4 − 2.0 = 1.4 points 
(B) 3.4 − 0.5 = 2.9 points 
(C) 2.0 + 0.5 = 2.5 points 
(D) 2.0 − 0.5 = 1.5 points 

 

6.  Mr. Sullivan, a band director, compares two reed brands. Each student receives a reed with the 
brand markings removed, and a judge who does not know the assignments rates each student's 
tone quality. Mr. Sullivan's spreadsheet records which student has which reed, but he never 
interacts with the students or the judge during the study. This experiment is best described as 

(A) single-blind, because Mr. Sullivan knows which reed each student received 
(B) double-blind, because neither the students nor the judge who rates them knows which 

reed each student received 
(C) not blind, because someone involved with the study knows the assignments 
(D) double-blind only if the reeds are also randomly selected from the factory 

 

7.  A researcher randomly assigns 200 volunteers with high blood pressure to a new medication or 
the standard medication. Which of the following best describes the purpose of the random 
assignment? 

(A) It creates two groups that are expected to be similar with respect to extraneous variables 
such as age and diet 

(B) It guarantees that the two groups will be identical in every way 
(C) It ensures that the sample of volunteers is representative of all patients with high blood 

pressure 
(D) It eliminates the placebo effect from the experiment 
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8.  A materials lab compares two phone screen protectors by having a machine drop each 
phone from the same height onto the same steel plate at the same temperature. The fixed 
height, plate, and temperature are examples of 

(A) replication 
(B) a control group 
(C) random assignment 
(D) direct control of extraneous sources of variation 

 

 1.13A Test Prep: FRQ 
 
9.  A rehabilitation center wants to know whether a virtual reality balance game improves 

balance more than its standard exercise routine for adults recovering from ankle surgery. 
Sixty adult volunteers recovering from ankle surgery are available. At the end of four 
weeks, every participant's balance will be measured with the same standing stability test. 

 
 

(a)  Identify the experimental units, the explanatory variable and its levels, and the 
response variable. 

(b)  Describe a method for randomly assigning the participants so that 30 receive each 
treatment. 

(c)  Explain the purpose of the random assignment in part (b) in the context of this 
study. 

(d)  The therapists who administer the stability test can be kept unaware of each 
participant's treatment. Explain why this experiment can be single-blind but not 
double-blind. 

 
 
 


