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Introduction
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AI is great at simple programming tasks.
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Novices can use high quality AI for free…
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including the powerful GitHub Copilot AIDE
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AIDE = Artificial Intelligence-driven Development Environment



But AI won’t do students’ work, right?
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Unfortunately, it will…
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see Chen et al. [8], Finnie-Ansley et al. [12], Kazemitabaar et al. [21]
 



So what is the impact of AI on a novice?
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Literature at a glance: Performance

Objectively Measuring Performance

Vaithilingam & Glassman [35], Xu et al. [37]

Kazemitabaar et al. [21]

Significant Performance Benefit

A-
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Kazemitabaar et al. [21]
“slightly less stressed” (p=.06)
“more eager […] to continue learning” (p = .025) 

Vaithilingam & Glassman [35] 
“Participants found code generated by Copilot more helpful 
than code generated by Intellisense” (p < .001)

Xu et al. [37]
“participants report having a neutral (15/31; 48.4%) or at 
least somewhat positive (15/31; 48.4%) experience”

Literature at a glance: Well-Being



But what measurable effects can we show?
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Research Questions: How do AIDEs…

• RQ1: affect performance, workload, emotion, & self-efficacy of novice 

programmers under time pressure?

• RQ2: influence the effects of additional time spent programming on 

novices’ performance and self-efficacy
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Method
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We recruited 17 students from a CS1 course.
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• Ability reports (day of participation):

• (11 “novice”; 6 “intermediate”)

• Gender reports:

• (11 Female; 5 Male; 1 N.B.)

• Racial reports:

• Asian- 11

• White- 8

• Hispanic/Latinx- 2

• Black- 1

11 female 5 male 1

11 “novice” 6 “intermediate”

not 
shared



Tasks came from the HumanEval dataset.
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Chen et al. [8]



We created four pools of tasks.
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We placed easier tasks early in each pool.
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We used a within-subjects design.
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We took repeated measures four times.
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Participants worked in Visual Studio Code.
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We scored task pools ordinally.
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We measured workload with NASA-TLX.
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We measured emotion on two dimensions.
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We measured changes in emotional state.
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We measured self-efficacy with a letter grade.
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Grade Value

A+ 13

A 12

A- 11

B+ 10

… …

D 3

D- 2

F 1



We took a conservative statistical approach.
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Results
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RQ1 Results
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Change p

Score ෪Δx = 1 . 𝟎𝟎𝟏 ∗
Δ Valence Δx = 0.206 .436
Δ Arousal ෪Δx = −.5 .191
TLX Mental Δx = −8.971 . 𝟎𝟐𝟒 ∗
TLX Physical ෪Δx = 0 .773
TLX Temporal Δx = −5.294 .200
TLX Performance Δx = −6.029 .230
TLX Effort ෪Δx = −5 . 𝟎𝟒𝟑 ∗
TLX Frustration Δx = −2.206 .581
Self-Grade Δx = .265 .455

 

Feel more successful

Be more successful

Feel better

Feel more relaxed

Think less hard

Exert no differently

Feel less rushed

Feel more successful

Try less hard

Feel less frustrated



RQ2 Results
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2nd 

Trial
1st 

Trial

Change p

Solo Score ෪Δx = 0 1.000

Self-Grade ෪Δx = 0 .594

with AI Score ෪Δx = 1 0.046*

Self-Grade Δx =  1.588 0.021 *

Improve over time

Plateau over time

Feel the plateau

Feel the improvement

 



Discussion
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Internet may explain performance differences.
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Objectively Measuring Performance

Vaithilingam & Glassman [35], Xu et al. [37]

Kazemitabaar et al. [21]

Significant Performance Benefit

A-

Our study

Internet

Internet

Internet



Workload decreases could aid learning.
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Al Madi et al. [2]

Gerjets et al. [13]
TLX Mental

TLX Effort
Learning

observed 
correlation

educational
programming

TLX Mental

TLX Effort
observed 

correlation



AI may not make you feel much better.

33

Change p
Δ Valence Δx = 0.206 .436
Δ Arousal ෪Δx = −.5 .191
TLX Frustration Δx = −2.206 .581

 

Feel better

Feel more relaxed

Feel less frustrated



Novices don’t take credit for AI’s work.
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Change p
TLX Performance Δx = −6.029 .230
Self-Grade Δx = .265 .455

Feel more successful



Novices take credit when they use AI better.
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Change p

with AI Score ෪Δx = 1 0.046*

Self-Grade Δx =  1.588 0.021 *

Improve over time

Feel the improvement

 

2nd 

Trial
1st 

Trial



Conclusion
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Ecological and external validity are concerns.

n = 17 all from

Internet
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Key Takeaways

• Novice programmers…
• can be more successful with AI

• can think and try less hard with AI

• can improve at using AI over time and take credit for the improvement

• But…
•    ’           i  for AI’s work

•    ’          h b      using AI 
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Appendix
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Table 1
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Solo with AI Change

Score x = 2 x = 2.5 ෪Δx = 1
Δ Valence തx = −.088 തx = .118 Δx = 0.206 
Δ Arousal x = 0 x = −.5 ෪Δx = −.5
TLX Mental തx = 58.382 തx = 49.412 Δx = −8.971
TLX Physical x = 5 x = 2.5 ෪Δx = 0
TLX Temporal തx = 54.559 തx = 49.265 Δx = −5.294
TLX Performance തx = 61.912 തx = 55.882 Δx = −6.029
TLX Effort x = 62.5 x = 55 ෪Δx = −5
TLX Frustration തx = 47.059 തx = 44.853 Δx = −2.206
Self-Grade തx = 7.647 തx = 7.912 Δx = .265



Table 2
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Statistic p d

Score z Wilcoxon = 𝟑. 𝟎𝟏𝟐 . 𝟎𝟎𝟏 ∗ . 𝟑𝟔𝟖
Δ Valence t(16) = .800 .436 .098
Δ Arousal z Wilcoxon = −1.329 .191 −.162
TLX Mental t(𝟏𝟔) = −𝟐. 𝟒𝟖𝟕 . 𝟎𝟐𝟒 ∗ −. 𝟑𝟎𝟒

TLX Physical z Sign Test = −.289 .773 −.035

TLX Temporal t(16) = −1.338 .200 −.163
TLX Performance t(16) = −1.248 .230 −.152
TLX Effort z Wilcoxon = −𝟐. 𝟎𝟐𝟑 . 𝟎𝟒𝟑 ∗ −. 𝟐𝟒𝟕
TLX Frustration t(16) = −.563 .581 −.069
Self-Grade t(16) = .765 .455 .093



Tables 3 & 4
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1st Trial 2nd Trial Change

Solo
Score x = 2 x = 2 ෪Δx = 0 

Self-Grade x =  8 x = 7.25 ෪Δx = 0

with AI
Score x = 2 x = 3 ෪Δx = 1

Self-Grade തx =  7.118 തx = 8.706 Δx =  1.588

Statistic p d

Solo
Score z Wilcoxon =  .090 1.000 .016

Self-Grade z Wilcoxon =  −.517 .594 −.091

with AI
Score z Wilcoxon = 2.029 0.046* .348

Self-Grade t(16) = 2.567 0.021* .440
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