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Overview
• What is Computing Education & Learning Technology research?
• Why is it an interesting area of research?
• A few examples

• student projects (including COMPSCI 747)
• leveraging existing expertise in Computer Science

• Overarching research questions
• Two examples

• Specific research questions
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• Distinct from “teaching”

• Teaching is helping others acquire knowledge and develop skills in a discipline
• Research is creating new knowledge and exploring new ideas

• Computing Education Research:
• the study of how people learn and teach computing
• the goal is to help students learn, and teachers teach, more effectively

• Learning Technology Research:
• designing and evaluating tools for learning
• covers the broader use of technology in teaching, learning and education across 

disciplines
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Why research education?
• To have a positive impact in the world

• Better outcomes for learners
• Practical application of technology

• A clear need and an enormous user base
• Big business

• “Computational Thinking” is an essential 21st

century skill, yet there are few people who 
can help others to develop those skills.
• Constant need to train staff in technology
• Increasing need for non-CS people to program
• Increasing integration of programming skills into 

school curriculum
• Increasing number of companies involved in 

technology to support education, and education 
about CS.
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A few student projects
• Researchers apply their expertise from many areas of CS

• graph theory (e.g. bibliometric analysis - James)
• program analysis

• static analysis (e.g. generating ASTs for visualising control flow - Lucy and Robert)
• dynamic analysis (e.g. classification of array access errors - Liam)

• machine learning/AI (e.g. NLP for question answering - Bill)
• game design (e.g. teaching version control, data structures – Kevin, Simon)
• VR/AR (e.g. visualising object transformations for computer graphics - Thomas)
• software design (e.g. using metaphors for teaching design patterns - Zain)
• programming (e.g. interactive tool for teaching debugging skills - Emma and Liz)
• computer systems (e.g. compiler error messages - Dave)

if (a < 0) || (a > 100)
error = true;

if (a < 0) || (a > 100)
^^

Syntax error on token "||", if expected

1 error



COMPSCI 747
• Graduate course in Computing Education
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Example
• Liam’s paper

• CS747 project
• Published in ACE 2020
• Analysed an existing dataset

was reviewing this weekend…



An exciting time
• Rapid growth in adoption of learning tools
• Vast amounts of data collected on how people learn

Daphne Koller (Stanford / Coursera)

“Tremendous opportunities…. every click, every homework submission, every 
forum post, from tens of thousands of students…. turn the study of human 
learning from the hypothesis driven mode to the data driven mode”

Anant Agarwal (MIT / EdX)

“Data collection for educational research is one of the key goals of EdX....  we 
gather huge amounts of data.... all this rich data will be available to 
researchers.... to understand how people really learn and we can help 
synthesize a better educational experience”



Example: keystroke vs submission data

Courtesy: Juho Leinonen (University of Helsinki)



Computing Education Research
• Overarching research questions:

• How do people learn computing?
• How do teachers teach and assess computing?
• How can people learn computing more effectively?
• How can teachers teach computing more effectively?
• How can access to computing education be improved?
• How can computing education be delivered equitably to all?
• How can learning technologies teach computing?
• How does computing education affect people's lives?
• What are the societal costs of computing illiteracy?
• What does it mean to know computing?
• What can be taught about computing to learners of different ages?



Two examples
• Two recent studies
• Feedback and learner behavior

• Example 1
• Computing education: Compiler error messages

• Example 2
• Learning technology: Influencing (positive) behaviours



Example 1: Compiler error messages

Denny, Prather & Becker (2020)
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DITRAN—a compiler emphasizing diagnostics
Moulton and Muller

Communications of the ACM
January 1967

Denny, Prather & Becker (2020)



Example 1: Compiler error messages

Marceau, Fisler & Krishnamurthi (2011)

Denny, Prather & Becker (2020)



Example 1: Compiler error messages

https://clang.llvm.org/diagnostics.html
Denny, Prather & Becker (2020)
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‘;’, ‘asm’ or ‘__attribute__’ 
before ‘feet’.
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declaration specifiers before 
‘scanf’
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Example 1: Compiler error messages

13:13: error: format ‘%d’ 
expects argument of type 
‘int *’, but argument 2 has 
type ‘int’.



Example 1: Compiler error messages

13:13: error: format ‘%d’ 
expects argument of type 
‘int *’, but argument 2 has 
type ‘int’.



Example 1: Compiler error messages

Could we provide more 
useful error messages?

What sort of difference 
would that make?



Example 1: Compiler error messages

Could we provide more 
useful error messages?

What sort of difference 
would that make?



Example 2: Influencing (positive) behaviours

Denny, McDonald, Empson, Kelly & Petersen (2018)
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Example 2: Influencing (positive) behaviours
• Or, avoiding (negative) behaviours

Irwin & Edwards (2019)
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“Empirical research on the effectiveness of 
incorporating game elements in learning 

environments is still scarce” 
[Dicheva et al.; 2015]

Dicheva, Dichev, Agre, Angelova. 2015. "Gamification in Education: A Systematic Mapping Study", Journal of Educational Technology & 
Society, Vol. 18, No. 3 (July 2015), pp. 75-88



Kelley, Chapman-Orr, Calkins, Lemke. Generation and Retrieval Practice Effects in the Classroom Using PeerWise, 
Teaching of Psychology, March 1, 2019.

Example 2: Influencing (positive) behaviours



Example 2: Influencing (positive) behaviours
Desired behavior Example reward

Rate questions early and fairly Reputation score (rating component)
Answer questions correctly Answer score
Spaced practice sessions Commitment badge
Create good questions  Good question author badge

…. ….



Example 2: Influencing (positive) behaviours

control gamevs.

Denny, McDonald, Empson, Kelly, Petersen. 2018. Empirical Support for a Causal Relationship Between Gamification and Learning 
Outcomes. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (CHI '18). ACM, New York, NY, USA



Example 2: Influencing (positive) behaviours

“Personally I tried really hard to get the ‘Leader’ badge, 
where I had to gain at least one follower!  This was really 
motivating, and made me think more carefully and 
creatively when writing a question. 

“I didn't think I was ‘badge’ type of person, but I did enjoy 
getting badges (I was the first one to get the ‘obsessed 
badge’ ‐ yay!).  It did help motivate me to do extra and in 
doing so, I believe I have learnt more effectively.”



Example 2: Influencing (positive) behaviours

37% increase in median number of answers 
(p = .016)

4.5% increase in mean exam score 
(p = .038)

Game elements caused:
• twice as many students to create questions (6.7% vs. 11.5%)
• nearly 40% increase in answering activity



Summary
• The goal of Computing Education research is to help students learn 

computer science more effectively
• The goal of Learning Technology research is the same, but applies more 

broadly across disciplines
• These are interesting areas of research, to which a range of computer 

science skills can be applied, and with the potential of large impact
• Our School’s graduate course is COMPSCI 747!


