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In 1.13A you learned the four principles of a well-designed experiment: comparison, random 
assignment, replication, and direct control. This section is about structure, that is, how you arrange the 
experimental units before you randomly assign treatments. The arrangement you choose can make a 
real treatment effect much easier to see. 
 

Scenario 1: The Completely Randomized Design 
 

THE CRUNCHLAB KALE CHIP TEST 
CrunchLab wants to know which of three oven temperatures produces the crispiest kale chips. Bakers 
prepare 60 identical trays and use a random number generator to assign 20 trays to 325 degrees, 20 
to 350 degrees, and 20 to 375 degrees. Every tray bakes for the same 12 minutes on the same rack 
position, and a texture meter records a crispiness score for each tray. 

 
Experimental units:   the 60 trays of chips. 
Explanatory variable:  oven temperature (levels 325, 350, 375 degrees).    

Response variable:  crispiness score. 
Completely randomized design -  treatments are assigned to all of the experimental units completely 

at random. Group sizes are often equal, but they do not have to be. 
 

CAREFUL  “Completely randomized” describes how treatments are ASSIGNED, not how 
units are selected. It is the random assignment that earns a cause and effect 
conclusion, not random selection. 

 

Let’s Draw a picture! 
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Scenario 2: The Randomized Block Design 
 

THE VERTICAL LEAP STUDY 
 

A coach tests two 6-week programs, Plyo and Standard, to see which gives a greater 
improvement in vertical jump for 40 athletes. Starting leg strength strongly affects 
improvement, so before assigning programs the coach ranks the athletes by baseline squat and 
forms blocks of athletes with similar strength. Within each block, the coach randomly assigns 
half to Plyo and half to Standard. 

 
Blocking variable -  a source of extraneous variation the researcher groups on before assigning 

treatments. Here it is baseline strength. 
Randomized block design -  units are first sorted into blocks of similar units, and then 

treatments are randomly assigned within each block so that every 
treatment appears in every block. 

Purpose of blocking -  to separate the response variation caused by the blocking variable from 
the rest of the extraneous variation. Within a block, the programs are 
compared among athletes of similar strength, so a difference is easier to 
attribute to the program. 

 

CAREFUL  Block on a variable related to the response, then randomize WITHIN each block. 
Blocking is the experiment version of stratifying: stratify when you sample, block when you 
assign treatments. A block is not a treatment group. 

 

Let’s Draw a Picture! 
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Scenario 3: The Matched Pairs Design 

 
Mr. Brust and Mr. Kelly want to know whether a split ergonomic keyboard lets people type 
faster than a standard flat keyboard. 

Mr.  Brust:  “Easy. Twelve teachers on the split, twelve on the flat, compare words per 
minute.” 
Mr. Kelly:  “Some people just type faster. Let every teacher type on BOTH keyboards, 
coin flip for which comes first. Now each typist is their own comparison.” 
Mr. Brust:  “So the slow typists can’t sink one group?” 
Mr. Kelly:  “Right. Each person is compared to themselves, so typing speed is no longer 
an extraneous variable.” 

 
Matched pairs design -  a randomized block design with only two treatments, where each block 
is a pair. Two common versions: 

(1) Pair units by matching on an extraneous variable, then randomly assign the two 
treatments within each pair. 
(2) Give each unit BOTH treatments and randomize the ORDER, as in the keyboard 
study. 

 

Purpose -  matching removes unit-to-unit differences from the comparison. It is blocking taken 
to its tightest form. 

 
Let’s Draw a Picture! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Write your questions 
and thoughts here! 



Cause and effect -  because treatments were randomly ASSIGNED, the groups begin similar with 
respect to extraneous variables, so a significant difference in the response can be 
attributed to the treatment. 

 

Generalizing -  it is often unethical or impractical to randomly SELECT experimental units, so most 
experiments use volunteers. The results then generalize only to units similar to those 
who participated. 

CAREFUL  Random ASSIGNMENT gives cause and effect. Random 
SELECTION lets you generalize to a population. Most experiments have the 
first but not the second. 

1.13B Experimental Design 

Use the given scenarios to answer the questions. 
 

1.  For each study, name the design (completely randomized, randomized block, or matched pairs) and justify your 
choice. 

(a) A cyclist tests two tire pressures by riding the same hill twice, once at 
each p ressure, with a coin flip deciding which pressure comes first. 

 
 
(b) A bakery randomly assigns 45 dough batches to three proofing times 

and compares rise height. 
 

 

(c) A researcher sorts 60 tomato plants into a greenhouse group and an outdoor group, then within each group 
randomly assigns two watering schedules. 

 

 

(d) Twenty-four runners are matched into 12 pairs by mile time; within each pair, one runs in the new shoe and 
one in the old shoe. 

 

1.13B Experimental Design 

Choose the BEST Answer. 
2.  In a completely randomized design, treatments are 

(A) assigned so that each unit receives every treatment 
(B) assigned to the experimental units completely at random 
(C) assigned within blocks of similar units 
(D) chosen by the units themselves 

 
3.  A vineyard blocks its vines by slope (north versus south) before assigning trellis systems. The purpose of blocking 

by slope is to 

1.13B Practice 
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(A) increase the total number of vines in the study 
(B) make every vine respond in exactly the same way 
(C) keep differences in sun exposure from obscuring the trellis comparison 
(D) allow the results to be generalized to all vineyards 

 
4.  A matched pairs design is best described as 

(A) a randomized block design with exactly two treatments 
(B) a design that uses no randomization 
(C) the same thing as a stratified random sample 
(D) a design valid only when the units are randomly selected 

 
5.  Mr. Bean has each of 24 students solve one puzzle with background music and another in silence, flipping a coin 

to decide which comes first. To analyze the experiment he should use 
(A) the music-condition time only 
(B) the silence-condition time only 
(C) the average of the two times across all students 
(D) the difference between the two times for each student 
 
 

6.  When a strong extraneous variable is present, an advantage of a randomized block design over a completely 
randomized design is that it 

(A) removes the need for random assignment 
(B) produces more precise comparisons among the treatments 
(C) allows the results to be generalized to a population 
(D) eliminates the need for a control group 
 
 

7.  Because the treatments in an experiment were randomly assigned, a researcher can 
(A) conclude that the treatment caused the difference in the response 
(B) generalize the results to the entire population 
(C) skip the use of replication 
(D) ignore all extraneous variables 
 
 

8.  Mr. Sullivan tests two metronome apps with his 16 drum students. He worries his most experienced students 
would make any app look good. The design that best addresses his concern is to 

(A) randomly select 8 students for each app 
(B) give every student the more popular app 
(C) survey the students about which app they prefer 
(D) have each student practice with both apps in a random order and compare each student to himself or 

herself 
 
 

9.  A gym recruits 50 volunteer members for an experiment that randomly assigns two stretching routines. The results 
can be generalized to 

(A) all adults 
(B) all gym members in the country 
(C) everyone who exercises regularly 
(D) members similar to those who volunteered 

 
 

1.13B Experimental Design 
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10.  A coffee chain wants to know whether a longer cold-brew steeping time (18 hours versus its standard 12 hours) 
increases customer sweetness ratings. Forty of its cafés volunteer. Café size varies widely, from large downtown stores to 
small suburban stores, and store size is believed to affect ratings. At the end of one week, each café reports its average 
customer sweetness rating. 

(a) Explain why a completely randomized design might make the steeping-time effect harder to detect in this 
study. 

 

 

 

(b) Describe a randomized block design for this experiment. Identify your blocking variable and explain how you 
assign the treatments. 

 
 
 
(c) Explain the purpose of the random assignment in your design. 

 
 
 
(d) The 40 cafés are volunteers. Explain what this means for the conclusions the chain can draw. 

 
 
 

11.  A trainer wants to know whether wearing a weighted vest changes 40-yard sprint times for her 14 athletes. 
 

(a) Describe a matched pairs design that uses all 14 athletes. 
 

 

 

(b) Explain the purpose of randomizing the order of the two conditions. 
 

 

 

(c) Explain one advantage of this design over splitting the 14 athletes into two groups of 7. 
 

 

 

(d) Can the trainer generalize her results to all athletes? Explain. 
 


