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Problem

CS1 issues:  

High student stress

Student dissatisfaction

Academic dishonesty

Low grades 

High non-passing rates

~ 30% non-passing rate 

over the past 30 years

Watson, C. and Li, F. “Failure Rates in Introductory Programming Revisited, ” iTiCSE, 2014

http://dro.dur.ac.uk/19223/1/19223.pdf%3FDDD10%2Bd74ks0%2Bdcs0lw

Mean Percentage of Non-Passing Students in CS1

~18%

~55%

~28%
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Goal

Improve the student experience  

Improve satisfaction & happiness

Without worsening performance

Problem: Weekly programming assignments  

Large part of the students’ experience

Key source of issues – student struggle/fear
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Outline

OLPs vs. MSPs

Study 1 – Satisfaction & grade performance

Study 2 – MSP usage analysis - UCR

Study 3 – MSP usage analysis - Other universities

Future work

Conclusion
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Traditional: One Large Program (OLP) each week

Solution 50-200 lines

Long spec  
OLP
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Many Small Programs (MSPs) each week

Our approach: 5-7 MSPs

Solution 10-50 lines each

Short & concise spec

Benefits

Less intimidating

Pivot if stuck

Build confidence, more practice

OLP

MSP

Enabled by new auto-graders

Easy to create / Instant feedback

zyLabs (zyBooks): ~30 min create lab
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MSPs - prompt
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MSPs - solution
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MSPs – lines of code (LOC)

Average LOC: 34Min LOC: 9 Max LOC: 90

wk1 wk2 wk3 wk4 wk5 wk6 wk7 wk8 wk9

MSPs per week

L
O

C
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MSPs – test cases

Test cases:  

10 points per MSP

Input/output tests

Unit tests
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MSP sample 1
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MSP sample 2
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MSP sample 3
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Study 1 – Satisfaction & grade performance

CS1 course at UCR during Spring 2017; 10 week quarter

2 in-person sections; 166 students

Instructor 1

No collaboration

Prog assignments: 25%, Midterm: 20% 

1 online section; 76 students

Instructor 2

Yes collaboration

Prog assignments: 15%, Midterm: 30% 

Same online textbook

Same topics taught each week

Same midterm & final

OLP MSP
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Methods

Student “stress” survey

Given week 8 of the quarter

Ask students about their experience

18 questions: Strongly agree (6) to Strongly disagree (0)

Bonferroni correction: Conservative interpretation of

p-value

Student outcomes

Participation, Challenge, and Programming Activities, Midterm, Final, Total grade

Bonferroni correction
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Student satisfaction

MSP group had more favorable responses for almost all questions

MSP group preferred the class 9% more than OLP group

Higher is better Lower is better
p <= 0.001
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Student outcomes

MSP group performed better on coding portions of exams

p < 0.001 p < 0.003
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MSP students preferred the class more than OLP students

MSP student grade performance did not worsen

Performed better on coding portion of exams

Study 1 - Conclusion
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Study 2 – MSP usage analysis - UCR

Time spent per week? 

Time spent per MSP? 

When do students start on MSPs?

What % completed each day?

Given full-credit threshold, do students complete more?

Do students pivot, or switch among MSPs when stuck?

Are MSPs used to study for exams?

Won't MSP CS1 students do poorly in an OLP CS2?
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Data collection

UCR CS1 Spring 2017 MSP section: 76 students

Used zyLabs from zyBooks

Collected:

48,000 develop runs, 16,000 submissions

Each has labID, userID, score, maxScore, time/date

labID                                                     |userID|score|maxScore|timestamp
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Q: How much time do students spend working on MSPs each week?

NOTE: Underestimate. 

Students with 0 subs or 0 time excluded. Avg is for weeks 2-8.

A: At least 120 min / week
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Q: How much time do students spend working on each MSP?

Average time spent per MSP - 17 min / MSP (weeks 1 and 9 excluded).

A: About 17 min / MSP
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Q: How many days before the due date do students start working on MSPs?

A: MSPs started 2.2 days before due date
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Q: How many days before the due date do students start working on MSPs?

A: With policy adjustment in Fall 2018, started 5.3 days before
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Q: What % of MSPs do students complete each day?

A: Completed 10% of MSPs each day
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Q: Given a full-credit threshold, do students complete more MSPs than required?

No extra credit given for exceeding full-credit threshold

A: 40% of students completed more MSPs than required
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Bubble size represents number of students. Dashed line indicates full-credit threshold. 

Students who scored 0 points for a week excluded. 

Q: Given a fill-credit threshold, how many points do students score each week?

A: Total points per week – Avg 13 more points
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Q: Do students pivot, or switch among MSPs when stuck?

A: Each week, 50% of students pivoted (avg. 1.3 pivots)
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Workflow pattern (GANTT chart)
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Q: Do students use MSPs to study for exams?

Total number of students 76

Total number of MSPs 61

% of students that used MSPs to study for the midterm 38%

% of students that used MSPs to study for the final 37%

% of students that used MSPs to study for either exam 54%

% of MSPs that were used to study for the midterm 97%

% of MSPs that were used to study for the final 90%

% of MSPs that were used to study for either exam 98%

A. Yes, students use MSPs to study for exams
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CS2

scores

Q: Won't MSP CS1 students do poorly in an OLP CS2?

A. MSP CS1 students do fine in an OLP CS2, in fact slightly better
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Student feedback

Good practice

They are engaging and fun

Short and simple tasks to 

improve my coding

They give me enough 

practice to know the material
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Students make good use of MSPs

Sufficient time

Started early

Completed more than necessary

Pivoted to help selves when stuck

Used MSPs to study for exams

And, MSP CS1 students do just as well as OLP CS1 students in an OLP 

CS2.

Study 2 - Conclusion
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Study 3 – MSP usage analysis - Other universities
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Data collection

10 universities, over 1,000 students included

Multiple programming languages

C++, Python, Java

Used zyLabs from zyBooks (MSPs)

Collected:

300,000 develop runs, 190,000 submissions
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Q: How much time do students spend working on each MSP?

A: At least 12 min / MSP

UCR average time spent per MSP - 17 min / MSP

36 of 44Copyright © 2019 Joe Michael Allen and Frank Vahid, UC Riverside



Q: How many days before the due date do students start working on MSPs?

A: MSPs started 2.2 days before due date

UCR average days before due - 2.2 days 
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A: Students score an average of 91% per MSPs 

Q: What score do students earn per MSP?

UCR score per MSP – 89.45% 
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Similar results from other universities

Spending sufficient time

Starting early

Completing most MSPs

Study 3 - Conclusion
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Gain better insight on student pivoting

Gain better insight on using a threshold with MSPs

Understand the impacts of allowing collaboration

Future work
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What are general pivot patterns?

Do students return to pivoted MSPs?

How do students feel about the ability to pivot?

Gain better insight on student pivoting
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Given a full-credit threshold, how do students earn their points?

Gain better insight on using a full-credit threshold

Top 5 Labs First 5 Labs
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Are students collaborating? 

MOSS

Polls

Who are students collaborating with?

Impacts of allowing collaboration
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Teaching CS1 via MSPs show positive results

Students are more satisfied in CS1

Student grades are not harmed, but slightly improve on exams

Students make good use of MSPs

Sufficient time

Started early

Completed more than necessary

Pivoted to help selves when stuck

Used MSPs to study for exams

MSP CS1 students do just as well as OLP CS1 students in an OLP CS2

Other universities show similar results

Conclusion

OLP

MSP
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