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WHY STUDY INTERACTIONS?

• Pilot an approach to educational assessment that allows for the estimation of interaction effects among factors 
likely to influence understanding related to a construct of interest

• Why study interaction effects?

o Conventional practices in assessment development often resemble a one-factor-at-a-time design1, 2, 6

§ Each item assesses one learning outcome, in isolation, independent of the other learning outcomes

o Cognitive theory suggests individuals tend to coordinate multiple ways of thinking4, 5

o Instructors are encouraged to foster connected understanding across statistical concepts3

• Attributes of confidence intervals studied: confidence level, error, sample size, p-value, method

1. delMas et al., 2007; 2. Sabbag et al., 2015; 3. Schau & Mattern, 1997; 4. Thompson, 2008; 5. Thompson et al., 2014; 6. Ziegler, 2014



QUALITATIVE DATA COLLECTION

• 6 think-aloud interviews, recruited from upper-level statistics courses 

• Students read/discussed their thinking as they engaged with items (probed when necessary)
• Modeled student conceptualizations of confidence level and error using grounded theory7

• Preliminary evidence and patterns of interactions between students’ conceptualizations of confidence 
level and error in the context of confidence intervals

7. Strauss & Corbin, 1990



STUDENT 1

Task: Critique an erroneous interpretation of the margin of error for a 99% bootstrap confidence interval as 
the range of values above (and below) the provided sample statistic.

Student Excerpt: “Usually, when you interpret a confidence interval, it’s important too to mention what the 
confidence interval is, because if you’re just saying what’s in the quotes [the erroneous interpretation of the 
margin of error] without the context of it being 99%, they won’t really understand the confidence level, and 
they need context of that to find out how you got to your answer. Also, I think it would be good to specify the 
values, because it says the range of values above and below the sample correlation is [sample statistic value]. 
You could also phrase it as like plus or minus [margin of error value]"

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for confidence level as a percentage; meaning for error as one of the components involved in 

a formulaic calculation; meaning for confidence interval as a range
• Constructs a meaning for the margin of error that is akin to the rote formation of a confidence interval



STUDENT 2

Task: Consider the tradeoffs for deciding whether to use a 90% or a 95% confidence interval for inference.

Student Excerpt: “Okay, so a 90% interval would cover less than a 95% interval … but then, also, I think if 
you did a 95% … yeah a 95% confidence interval would give you a larger interval … But I think if you had a 
larger interval [discussing this as a result of a higher confidence level] and more data to take from, I think 
maybe you’d have less variation and a more accurate answer. And then also your significance level would 
probably go down, so then .. it would narrow the .. not the requirements, but like the bar. … The window that 
you have to be in. So then that could also make it more ... Know that your answer’s more accurate”

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for confidence interval as covering the cases; meaning for confidence level in terms of its 

normatively accepted relationships with significance level and interval width; meaning for error as variation
• Constructs a meaning for error that no longer has the formulaic aspect previously mentioned
• Constructs a meaning for error that is more in-line with the precision fallacy in the context of error



STUDENT 3

Task: Identify a true statement about a 99% confidence interval for the correlation that ranges from a negative 
value to a positive value.

Student Excerpt: “[I]t’s [the margin of error is] not the total range, it’s the … radius ... from that analogy. … 
but (d) says that decreasing the confidence level to 95% would result in a wider confidence interval. That’s not 
true, it would be the opposite relationship, decreasing the confidence level to 95% would result in a narrower 
confidence interval .. because .. we’re less confident that it would fall within a narrower interval.”

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for the formulaic relationship between the confidence level and interval width; meaning for the 

margin of error as the radius of the interval 
• Constructs a meaning that no longer aligns with a productive interpretation of confidence intervals (places the 

confidence in a particular interval, rather than in the method)



STUDENT 4
Task: How the width of a 90% confidence interval compares to the width of a 95% confidence interval (for the 
same sample).

Student Excerpt: “Okay. So compared to the 95% confidence interval, the 90% confidence interval … I’m 
pretty sure it’s going to be wider because since there’s less confidence like a larger or no, no the 90. Yeah, it’s 
going to be wider because we’re more confident in it. That means that there’s probably going to be a larger 
range, so we want more room for error .. So [the 95 would be] wider because it has a larger standard error since 
the researcher is less [misspeak – should be more] confident.”

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for confidence level as a success rate; meaning for error as a measure of efficiency
• Constructs a meaning for confidence level that is no longer tied to the multiplier
• Constructs a meaning for confidence level that is closely intertwined with error (the confidence level, not the 

sample, determines the value of the standard error)



STUDENT 5
Task: Address the relationship between the confidence level and the confidence interval.

Student Excerpt: “[A]s you decrease the confidence level, the confidence interval width will also decrease. 
And that’s because like before you’re going to want, you’re going to accept more error so that’s going to allow 
for you to be wrong more times. Like if it was an 80% confidence interval, you’re saying that in only 80% of 
the confidence intervals you make the sample mean will be included, so that’s going to be a lot more narrower, 
because you have a higher chance of the true level not being in the confidence interval.”

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for confidence level in terms of its effect on interval width; meaning for error as the interval 

having the property of making “errors” or mistakes
• Constructs a meaning for the confidence level as the percentage of confidence intervals that are expected to 

capture the sample statistic
• Articulates a relationship between confidence level and error to reconcile their existing meanings



STUDENT 6
Task: Estimate the standard error from the provided bootstrap distribution.

Student Excerpt: “[T]he standard deviation of that sample statistic is going to be … [5 second pause] … okay 
hold on .. thinking another way. … The 95% confidence interval is two standard deviations away in each 
direction … Okay so it’s two standard deviations away. Which means … that the .25 [misspeak – should be 
.025] is 2 standard deviations away. .. Hold on, no, the .25 [misspeak – should be .025] is outside of it. … Oh … 
[5 second pause] … oh well then shouldn’t point .. the standard error just be .. twice what the .. outside of the 
confidence interval is, so the standard error is going to be .025 times 2”

Observations of how this student coordinates their meanings (evidence of interaction):
• Uses meaning for confidence level as related to the decision threshold for rejecting the null hypothesis; 

(corrected) meaning for standard error as the standard deviation of the sample statistic
• Constructs a meaning that is consistent with an apparent association between 95% confidence and two 

standard deviations in each direction
• Constructs a meaning that equates the standard error with the rejection region



SUMMARY

• Instances in which each student coordinates meanings for confidence level and error

o Importance of fostering connected understanding across statistical concepts

• Support for incorporating interaction effects into the design of educational assessments 

o Allow instructors to achieve greater clarity on how students coordinate meanings for attributes

o Encourage students to use ways of thinking about one concept to enhance understanding of another concept

• Other takeaways: prevalence of lexical ambiguity in statistical terms; students apply understanding from 
everyday language

o “error”: the interval has the property of making mistakes

o “range”: confidence interval as a range of values

o “confidence”: synonymous to probability
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