Appendix C (Components of P-Value Interpretation)

In evaluating students’ ability to interpret p-value as a probability, we identified the following four desired components.

· Probability of observed data

· Can students identify the current “outcome” of this probability statement

· Tail probability

· Do students recognize that p-values are tail probabilities? “Or more extreme”

· Do they correctly indicate the direction that is more extreme (Ha)

· Based on randomness

· Do students correctly identify the source of the randomness in the study (e.g., random sampling or random assignment)?

· Under null hypothesis 

· Do students understand the conditional nature of the probability?

Each of these components was given an E (essentially correct), P (partially correct) or I (incorrect) rating.  Our goal was to see if students performed different on some components (e.g., depending on context or study design) and if that performed changed consistently from early in the course to the end of the course.  The following table provides a rubric for these scores for each component.

	
	E
	P
	I

	Probability of data
	of observed data (with context and numerical value)
	of “these values” (no numerical values) but seems to be of data at hand
	unclear event

	Tail probability
	give correct direction
	gives wrong direction or unclear direction (“or more extreme”) but still a tail probability
	no indication of tail

	Based on randomness
	by random assignment or random sampling
	something is repeated or source of randomness is not clear, e.g. “by chance”
	no randomness specified

	Under null hypothesis
	assuming no difference or assuming specific parameter values
	assuming randomness is only explanation but no context given (e.g., “by chance alone”)
	no specification of a condition


For a P: general idea is there but has not been correctly applied to the context at hand
For example, students were given the question:

In 1977, the U.S. government sued the City of Hazelwood, a suburb of St. Louis, on the grounds that it discriminated against African Americans in its hiring of school teachers (Finkelstein and Levin, 1990). The statistical evidence introduced noted that of the 405 teachers hired in 1972 and 1973 (the years following the passage of the Civil Rights Act), only 15 had been African American. But according to 1970 census figures, 15.4% of teachers employed in St. Louis County that year were African American.  Suppose we model Hazelwood’s hiring practices as a Bernoulli process.

Provide a one-sentence interpretation of this p-value (what is it the probability of?) in this context.

The following are some example student responses to which we have applied the rubric in attempt to differentiate quality of response:

· This p-value is the probability that 15 African-Americans or less would be part of the 405 teachers in Hazelwood, if Hazelwood was employing equally the same proportion of African-Americans as St. Louis county. 
· This p-value describes the probability of 15 or less A.A. teachers out of a hired group of 405 teachers (in 1972-1973 in St. Louis) strictly by chance in 400 different sampling groups. 
· This is the probability of observing 15 hired African-Americans out of a random sample of 405 teachers if 15.4% of teachers are African-American. 
· There is a small probability, close to 0, that by randomization we would get fewer than 15 African-American teachers hired. 

Examples of responses that are more difficult to categorize with this rubric:
· Common misconception response (e.g., p-value is probability of rejecting mull): The probability that a Hazelwood teacher is African-American is less than .154.
· Student uses p-value to make a decision concerning hypotheses without interpretation: Since the p-value is so small, we reject Ho. So there is strong evidence that the City of Hazelwood discriminated against African Americans in its hiring.
