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Courseware

Courseware is a comprehensive 
learning environment that provides 
lessons of content interleaved with 
formative practice, followed by an 
adaptive activity and a graded quiz.
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Learn by Doing

The primary method used in the 
courseware is learn by doing: 
integrating formative practice 
questions into the text at frequent 
intervals.
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The Doer Effect

The doer effect is the learning science 
principle that the amount of interactive 
practice a student does (such as 
answering practice questions) is much 
more predictive of learning than the 
amount of passive reading or video 
watching the student does. [1]

Doing practice has 

6x
the effect size

than reading alone.
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The Doer Effect

The doer effect was investigated
at Carnegie Mellon University by
Koedinger et al. and was shown to
be causal. [2, 3]

Doing more practice caused better
learning.

The regression model controls for the amount 
of reading, watching, and doing in outside 

units, to control for a third variable [2].



c

The Doer Effect: 
Replicating Findings that Doing Causes Learning

Rachel Van Campenhout & Benny G. Johnson
Research and Development
VitalSource Technologies

Pittsburgh, USA

Jenna A. Olsen
Learning Analytics

Western Governors University
Salt Lake City, USA



c

The Goal of this Study

This paper aims to replicate previous causal doer effect 
research to:
• Identify if a similar learning environment using the same 

learning by doing methods can produce similar results
• Extend the external validity of these learning methods
• Provide additional evidence that this learning science principle 

should be scaled
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Methods

• 3,120 students included from a 
Macroeconomics course from March 2017 
to April 2019 

• 6 course competencies are used as the unit, 
with 47 learning objectives mapped to the 
competencies

• Final exam questions were similarly mapped 
to the 6 competencies
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Results

• Both within-unit doing and outside-unit 
doing were strongly, positively significant.

• We would likely expect outside-unit doing 
to almost always be significant (regardless 
of whether the doer effect is causal), as it is 
well known that students who do more 
practice tend to get better outcomes.  

• What matters is that within-unit doing is 
additionally significant, which means the 
relationship of within-unit doing to its own 
unit’s assessment score cannot be 
accounted for by the amount of outside-
unit doing, indicating that relationship is 
causal in nature. 

Mixed effects linear regression model 
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Conclusion

• This analysis confirms that even when controlling for an 
outside variable, doing the formative practice within the 
courseware caused better performance on an external 
final exam. 

• Doing practice causes better learning.
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What’s Next? 
Automatic Question Generation

The doer effect is proven to be causal, but this method 
requires hundreds to thousands of practice questions. 

We have been working on using artificial intelligence to 
generate practice questions from textbook content in order 
to create “base” courseware nearly instantaneously.
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Transforming Textbooks into 
Learning by Doing Environments: 

An Evaluation of Textbook-Based Automatic Question Generation 
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Scaling the Doer Effect with AI
Formative practice is good for students, but costly to create. 
Automatic question generation can solve this problem.
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AG Questions
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The State of Research

In Kurdi et al.’s 2020 systematic review of research, there are 
gaps identified in the current research:
• Only 1 study evaluated AG questions in a classroom setting
• Only 1 study generated feedback
• Only 1 study identified Bloom’s level
• Only 14 studies evaluated question difficulty
• There is no clear “gold standard” identified
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Evaluating Questions

We compare our AG questions to 
HA questions in the same course 
using a mixed-effects logistic 
regression model.

In the same course, how do our 
AG questions compare to HA 
questions on:
• Engagement
• Difficulty
• Persistence
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The Data: 786,242 total observations
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Engagement
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Engagement
• For all questions, the location of the 

question in the course mattered.

• The recognition question types had 
higher engagement than the recall 
question types.

• The AG recognition type is similar to HA 
recognition types, and the AG recall type 
is similar to the HA recall type. 

• There is no indication that students 
found the AG question types problematic 
in general and chose to answer them 
less frequently.

To summarize the engagement 
analysis:
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Difficulty
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Difficulty

To summarize the difficulty 
analysis:

• AQ matching were often the the easiest, but 
similar to other HA recognition types.

• AG FITB were similar to several other HA 
questions, which were recognition types.

• HA FITB were often marginally to 
significantly more difficult than AG FITB.

• Questions varied in difficulty across courses, 
showing the impact of content.
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Persistence 

To summarize the persistence 
analysis:

• AG FITB had statistically different 
persistence from all questions except HA 
MCMS. 

• HA FITB generally had lower persistence than 
AG FITB.

• AG matching had similar persistence to other 
HA questions.
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In Summary

Students were not deterred by AG questions.

Engagement was impacted by placement in the course, and 
recognition vs recall types.

AG questions were in the difficulty range of the HA questions. 

Easy questions did not deter persistence, but very difficult 
questions did.
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Thank You!


