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3. Approximately 3.5 percent of all children born in a certain region are from multiple births (that is, twins, triplets, 
etc.). Of the children born in the region who are from multiple births, 22 percent are left-handed. Of the children 
born in the region who are from single births, 11 percent are left-handed. 

(a) What is the probability that a randomly selected child born in the region is left-handed? 

(b) What is the probability that a randomly selected child born in the region is a child from a multiple birth, 
given that the child selected is left-handed? 

(c) A random sample of 20 children born in the region will be selected. What is the probability that the sample 
will have at least 3 children who are left-handed? 

GO ON TO THE NEXT PAGE.  
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4. The anterior cruciate ligament (ACL) is one of the ligaments that help stabilize the knee. Surgery is often
recommended if the ACL is completely torn, and recovery time from the surgery can be lengthy. A medical
center developed a new surgical procedure designed to reduce the average recovery time from the surgery. To
test the effectiveness of the new procedure, a study was conducted in which 210 patients needing surgery to
repair a torn ACL were randomly assigned to receive either the standard procedure or the new procedure.

(a) Based on the design of the study, would a statistically significant result allow the medical center to conclude
that the new procedure causes a reduction in recovery time compared to the standard procedure, for patients
similar to those in the study? Explain your answer.

(b) Summary statistics on the recovery times from the surgery are shown in the table.

Type of 
Procedure 

Sample 

Size 
Mean Recovery Time 

(days) 
Standard Deviation 

Recovery Time (days)  

Standard 110 217 34 

New 100 186 29 

Do the data provide convincing statistical evidence that those who receive the new procedure will have less 
recovery time from the surgery, on average, than those who receive the standard procedure, for patients 
similar to those in the study? 

GO ON TO THE NEXT PAGE. 
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Question 3 

Intent of Question  

The primary goals of this question were to assess a student’s ability to (1) compute a probability based on a 
weighted mixture of two populations; (2) compute a conditional probability; and (3) recognize a binomial random 
variable and compute the probability associated with it. 

Solution 

Part (a): 

Let L denote left-handed, M denote multiple birth, and S denote single birth. 
The probability that a randomly selected child born in the region is left-handed is: 

P L( ) = P( M )P L  ( | M  ) + P(S)P L  ( | S  ) = (0.035)(0.22) + (0.965)(0.11) = 0.0077 + 0.10615 = 0.11385. 

Part (b): 

From part (a), P L( ) = 0.11385.  Therefore, 

P L( and M ) (0.035)(0.22) 0.0077 ( | ) = = = ≈ 0.0676. P M  L  P L( ) 0.11385 0.11385 

Part (c): 

Let X represent the number of children who are left-handed in a random sample of 20 children from the 
region. X has a binomial distribution with n = 20  and p = 0.11385  (found in part (a)). Using the binomial 
distribution, 

P X  ( ≥ 3) = 1 - P X( ≤ 2)  
 20  0 20   20  = -1 (0.11385) (0.88615) 20 - (0. 11385)1(0.88615)1 9 - (0 .11385)2 (0.88615)1 8         

0 1       
      2 

≈ -1 0.598  ≈ 0.402. 
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Question 3 (continued) 

 

Scoring 

Parts (a), (b), and (c) each scored as essentially correct (E), partially correct (P), or incorrect (I). 

Part (a) is scored as follows: 

Essentially correct (E) if the probability is computed correctly, AND work is shown that includes correct 
numerical values using a formula, end results from a tree diagram, or some other appropriate strategy. 

Partially correct (P) if the response provides a reasonable strategy for finding the probability, such as a 
formula or tree diagram, but uses one or more inappropriate values; 

OR 
if the response gives the correct probability but not enough work is shown to determine how that probability 
was found. 

Incorrect (I) if the response does not meet the criteria for E or P.  

Note: A reasonable strategy needs to include summing the results of two multiplications.  

Part (b) is scored as follows: 

Essentially correct (E) if the probability is computed correctly, with work shown that includes appropriate 
numerical values for both the numerator and denominator.  

Partially correct (P) if the response includes a numerator and denominator in calculating the conditional 
probability, with one appropriate term (numerator or denominator) and the other inappropriate. 

Incorrect (I) if the response does not meet the criteria for E or P.  

Note: Appropriate values include incorrectly calculated values from part (a).  
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Question 3 (continued) 

Part (c) is scored as follows: 

Essentially correct (E) if the response satisfies the following five components: 
1. Uses a calculation based on the binomial distribution to find the probability of the number of children 

in the sample who are left-handed. 
2. Specifies appropriate values for n and p. 
3. Uses correct endpoint value for the probability. 
4. Uses correct direction to calculate the probability of at least three left-handed children. 
5. Correctly calculates a binomial probability consistent with the previous work.  

Partially correct (P) if the response satisfies component 1 and only two or three of the other four components; 
OR 

if components 2, 3, 4, and 5 are met, and the response does not explicitly indicate the binomial distribution is 
used by name or formula. 

Incorrect (I) if the response does not meet the criteria for E or P. 

Notes: 
• “Appropriate” values include incorrectly calculated values from part (a) or a recalculated probability 

from part (b). 
• An unlabeled numerical value in a calculator statement cannot be used to satisfy a component. 
• A response which calculates P X  ≤ ( 3)  satisfies component 3 but does not satisfy component 4.  
• A normal approximation to the binomial is not appropriate because   np = 20  0.11385 = 2.277 < 5. 

A response using the normal approximation can score at most P. To earn a score of P, the response 
must include all of the following: 

• a correct mean and standard deviation based on the binomial parameters 
• clear indication of boundary and direction with a z-score or diagram 
• the probability computed correctly 

Notes for all parts: 
• If the resulting probability or part of the calculation of the probability uses a value that is not between 

0 and 1, inclusive, the score for that part is lowered by one level (that is, from E to P, or from P to I). 
• An arithmetic or transcription error in a response can be ignored if correct work is shown. For 

example, 0.0077 + 0.10615 = 0.1385. 
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