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~ 30% non-passing rate over a 30 year period

» CS1issues 2013 |

. 2012
High student stress 2011 |
Student dissatisfaction g
High drop rates ggg ,
Low retention 2006 |
Low grades gﬁi |
Academic dishonesty ® 2003 |
& 2002 |
] 2001 |
Our Solution 200 1
, . 1998 |
> Improve students’ experience 1997
Improve student satisfaction & happiness }ﬁi '
Without worsening performance 1982 |

1980

1979

» Focus on weekly programming assignments

Large part of the students’ experience
Key source of issues — student struggle/fear
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Outline
» Background & Related work

> Our experience with an MSP approach
»  MSP approach across universities & programming languages
»  MSP approach tools & analysis

» Contributions
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Background & Related work

> Improving CS1
Pair programming / Peer instruction
Programming language variety
Various tutoring models
Student self agency in assignments

; 5 5
Plagiarism detection ] b 4 T e & R

USER ENGAGEMENT REW.ARD ACHIEVEMENT  MOTIVATION  LEARNING CHALLENGE

» Focus on programming assignments
Programming applications
Game design and Gamification

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 4 of 56



Outline
» Background & Related work

» Our experience with an MSP approach
»  MSP approach across universities & programming languages
»  MSP approach tools & analysis

» Contributions
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MSP teaching approach introduction

» Traditional: One Large Program (OLP) Approach
One larger programming assignment a week

Solution 50-200 lines
Long spec
Multiple topics

OLP (100%)

70

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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]

:
]

MSP teaching approach introduction

»  Many Small Programs (MSP) approach: 5-7 small lab activities
Solution 10-50 lines each
Short & concise prompt

OLP (100%)
-
> Benefits
Less intimidating » Enabled by modern auto-graders
Pivot if stuck Easy to create / Instant feedback
Build confidence, more practice zylLabs (zyBooks): ~30 min create lab

Partial credit
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MSP lab activity - sample 1

4.23 LAB: Driving costs Prompt Test cases

Lab test cases are only viewab 1 TAS WITh VIEW S0IUTICNS DErMmISsIon.

]

Write a program with a car's miles/gallon and gas dollars/gallon (both doubles) as input, and output the gas cost for 20 miles, 75 miles, and

500 miles. This automated test bench has 2 tests for a total of 10 points.

Output each floating-point value with two digits after the decimal point, which can be achieved by executing
cout << fixed << setprecision(2); once before all other cout statements. Note: End with a newline.

Ex: If the input is: 1. Compare output (5 points)

When input is

2
20.0 3.15859% 20.0 3.1589%

the output is:
Standard output exactly matches

3.16 11.85 79.00 3.16 11.85 79.00
1 #include <iostream> .
2 #include <iomanip> S I t
3 using namespace std; O u |On ( )
4 2. Compare output (5 points
5 int main() { P P P
6 double milesPerGallon; When input is
7 double dollarsPerGallon;
8 double dollars2@Miles; 30.0 3.8999
] double dollars7SMiles;

18 double dollarsS@@Miles;

11 Standard output exactly matches
12 cin »>» milesPerGallon;

13 cin »» dollarsPerGallon; 2.60 9.75 65.00
14

15 dollars2@Miles = 28 * (1. / milesPerGallon) * dollarsPerGallon;

16 dollars75Miles = 75 * (1.8 / milesPerGallon) * dollarsPerGallon;

17 dollars5eéeMiles = 588 * (1.@ / milesPerGallon) * dollarsPerGallon;

18

19 cout << fixed << setprecision(2);

28 cout << dollars2@Miles << " " << dollars7SMiles << " ™ << dollarsG@@Miles << endl;

21

22 return 8;

23 1

24
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MSP lab activity - sample 2

6.19 LAB: Remove spaces -
functions

Visible to students o # Editlab « Share [R Note

Write a program that removes all spaces from the given input.

BEx: If the input is:

- Add a solution and run your test cases against it before a
Solution

be revealed to students if desired. (Opticnal) Hello my name 1s John.
1 #include <iostream> the output is:
2 using namaspace std;
3
4 string RemoveSpaces(string userString) { HellomynameisJohn.
5 string userStringhoSpaces;
6 unsigned int 1;
7 ) Your program must define and call the following function. The function should return a string representing the input string without spaces.
8 userstringhoSpaces = ""; . . .
g for (i = 8; 1 < userString.length(); ++i) { string RemoveSpaces(string userstring)
18 if ( !isspace(userString.at(i)) }{
11 userStringloSpaces += userString.at(i);
12 )
13 1
14
15 return userStringhloSpaces;
16 }
17
18 int main{) {
19 string userInput;
208
21 getline(cin, userInput);
22 cout << RemoveSpaces{userInput) << endl;
23
24 return 8;
25 }
26
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MSP |lab activity - sample 3

9.11 LAB: Contains the
character

Add a solution and run your test cases against it before assigning to

Visible to students g Editlab  « Share [R Note

Write a program that reads an integer, a list of words, and a character. The integer signifies how many words are in the list. The output of
the program is every word in the list that contains the character at least once. For coding simplicity, follow each output word by a comma,
even the last one. Assume at least one word in the list will contain the given character.

4 hello zoo sleep drizzle =z

To achieve the above, first read the list into a vector. Keep in mind that the character ‘@' is not equal to the character ‘A’

Solution be revealed to students if desired. (Optional)
1 #include <iostream»
2 #include <vector: . i e
3 using namespace std; Ex:If the Inputis:
4
5 int main() {
6 int i;
7 int numkords;
g vector<string> inputhords;
9 char searchCharacter; then the output is:
1@ string userInput;
11 unsigned int j;
12 -
13 /f Integer indicating the number of words that follow zoo,drizzle,
14 cin »» numblords;
15
16 /f Gets list of words from input
17 for (i = 8; 1 < numdords; ++i) {
12 cin »» userInput;
19 inputkords. push_back(userInput);
28
21
22 [/ User specified character
23 cin »» searchCharacter;
24
25 [/ Output every word in the list that contains the user specified character at least once
26 for (j = ©; § < inputWords.size(); ++i) {
27 if (inputhWords.at(j).find(searchCharacter) != string::npos) {
28 cout << inputbords.at(j) << ",";
29
38 i
31
32 return @;
EER
34
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\fE UCR

CS1 student satisfaction & grade performance

L J.M. Allen, F. Vahid, K. Downey, A. Edgcomb.
’ RQ S Weekly Programs in a CS1 Class: Experiences with
Does an MSP approach impact student satisfaction? Auto-graded Many-small Programs (MSP). ASEE
] Annual Conference, 2018. (Best paper nominee)
Does an MSP approach impact student
grade performance? e @D
Anonymous class survey ©
> M eth O d S Which course are you enrolled in? :
Student “stress” survey
) leen Week 8 Of the quarter Please answer the following about the class *
> Ask students about their experience T g S S S s
» 18 questions: Strongly agree (6) to Strongly disagree (0)

spend a lot of ..

Student grade performance
»  Participation, Challenge, and Lab Activities, Midterm, Final, Total grade

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 11 of 56



UCR

Findings

> MSP group had more favorable responses and enjoyed the class more
> MSP group student grade performance did not worsen (higher coding scores on exams)

» Results: UCR CS1 use an MSP approach, ~200 universities use MSPs, and zyBooks
mimicked and now maintains MSPs

Student satisfaction — stress survey results Student grade performance results
100% =
6 OLP (166) ®™ MSP (76) 005 OLP (166) ® MSP (76)
5 Higher is better Lower is better S5 p <0.001 p < 0.003
p <= 0 001
70%
4
60% l
3 50%
40%
2
30%
1 20%
10%
0
I enjoy theclass | felt prepared for Ienjoyedthe llearned alot  am confident in I'm anxious about | feel anxious 0%
the midterm programs fromthe my ability to the class about the final Reading Homework Programs Midterm Midterm Final multiple  Final coding
programs program multiple choice coding choice
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MSP usage analysis - UCR
RQ’s:

How do students interact with MSPs?

>

>

Methods

J.M. Allen, F. Vahid, A. Edgcomb, K. Downey, and

K. Miller. An Analysis of Using Many Small
Programs in CS1, ACM SIGCSE Technical

Symposium on Computer Science Education,

2019.

UCR CS1 Spring 2017 MSP section: 76 students

zylLab metadata

lablD

14
15
16
17
18
19
20
21
22
2y
24
25

CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:
CH1 LAB:

|userID|score| maxScore | timestamp

Faormatted output: No parking sign

Faormatted output: No parking sign

Faormatted output: No parking sign

Input: Welcome message

Input: Welcome message

Input: Mad Lib

Input: Mad Lib

Input: Mad Lib

Input: Mad Lib

Input: Mad Lib

Input and formatted output: House real estate summary
Input and formatted output: House real estate summary

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

31228
31228
31228
31228
31228
31228
31228
31228
31228
31228
31228
31228

10

10

10

10

10

10

4/8/2018 22:55
4/8/2018 22:55
4/8/2018 22:55
4/8/2018 22:57
4/8/2018 22:58
4/8/2018 23:01
4/8/2018 23:02
4/8/2018 23:02
4/8/2018 23:03
4/8/2018 23:03
4/8/2018 23:08
4/8/2018 23:08

13 of 56



Q: How much time do students spend working on MSP assignments each

week?

A: At least 120 min / week

- B Total students (76) Avg: 120 min

150
125
100
75
50

Time (min)

25

0

Week #

NOTE: Underestimate.
Students with 0 subs or 0 time excluded. Avg is for weeks 2-8.
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Q: How much time do students spend working on each MSP lab activity?

A: About 17 min / MSP
60 i i
40 “ ‘
| ; ll!l| l! l! I ' %Ilgllll

Time (min)

|
1
U
!
I
U
!
U
I
1
!
|
U
J
U
J
J
J
J
J
A}
|
| | | |

. week 3 . week4 | week5 | week6 | week7 ; week 8

MSPs
Average time spent per MSP - 17 min / MSP activity (weeks 1 and 9 excluded).
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Q: How many days before the due date do students start working on MSP
assignments?

A: With policy adjustment in Fall 2018,

A: MSPs started 2.2 days before due date
started 5.3 days before

0% ® Total students (76) Avg: 2.2 days 40% ® Total students (508) Avg: 5.3 days
30% 30%
i %)
5 5
©- 20% o 20%
=3 =
) n
&2 &
10% 10%
0% 0%
-7 176 T5 T4 T3 T2 T1 TO0 7 T6 T5 T4 T3 T2 T1 TO0

Days before Due Days before Due
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Q: Given a full-credit threshold, do students complete more MSP lab activities

than required?
A: 40% of students completed more MSP lab activities than required

100% Equal to threshold ® Above threshold

80%

60%

% Students

40%

20%

0%
1 2 3 4 5 6 7 8 9 Avg

Week #
No extra credit given for exceeding full-credit threshold
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Q: Given a full-credit threshold, how many points do students score each week?

A: Total points per week — Avg 13 more points

80
70
60
50
40
30

Points Per Week

20
10

0

Bubble size represents number of students. Dashed line indicates full-credit threshold.
Students who scored 0 points for a week excluded.

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 18 of 56



Q: Do students pivot, or help themselves when stuck?

A: Each week, 50% of students pivoted (avg. 1.3 pivots)

% Students

70%
60%
50%
40%
30%
20%
10%

0%

B Total students (76) Avg

2 3 4 5 6 7
Week #

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

8

9

Avg

UCR
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Q: Do students skip the ‘hard parts’ of lab activities?
A: ~95% of students score full credit using their top 5 highest scores

Week 4 Top 5 Labs (Avg users use only top_n_labs: 91%)

Week 7 Top 5 Labs (Avg users use only top_n_labs: 91%)

I Top 5 lab scores
Additional week points

70 70
I Top 5 lab scores
Additional week points

60 60

50 50
0 40 0 40
=] =]
LJ LJ
n n
o o
5 301 5 301

20 A 20 A

10 1 “‘ 10 1 ‘

01— |||| : 01
0 10 20 30 40 50 60 70 0 10 20 30 50 60 70
Users Users
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UCR

}

Q: Do students use MSP lab activities to study for exams?
A. Yes, 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%

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Findings

Students make good use of MSP assignments

>

>

>

>

>

Sufficient time

Started early

Completed more than necessary
Pivoted to help selves when stuck @0
Used MSPs to study for exams 70

Points Per Week
I
o

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

22 of 56



UCR

CS2 performance by MSP-trained CS1 students

» RQ’s:
Won't MSP-trained students from CS1 do poorly in an OLP CS2

F15 (OLP) W16 (OLP) Sp16 (OLP) F16 (OLP) W17 (OLP)
OS] —=

Sp17 (OLP, MSP) F17 (MSP) W18 (MSP) Sp18 (MSP)
CS2: W17 (OLP) Sp17 (OLP) F17 (OLP) W18 (OLP) Sp18 (OLP)
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CS2 performance by MSP-trained CS1 students

» CS2 OLP programming assignments

® OLPs [417] = MSPs [241]
100%

75%
50%
25%

0%

Prog Prog Prog Prog Prog Prog Prog
Assn1T Assn2 Assn3 Assn4d4 AssnS Assn6 Assn/
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CS2 performance by MSP-trained CS1 students

» CS2 class categories

® OLPsin CS1[417] = MSPs in CS1 [241]

100%
75%
50%
25%
0%
Part Labs Prog Midterms  Final Total
Activities Assns Grade

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 25 of 56



UCR

CS2 performance by MSP-trained CS1 students

® OLPsin CS1[312] » MSPs in CS1 [241] ® OLPs[187] = MSPs [198]
100% 100%
75% 5%
50% 50%
25% 25%
0% 0% . .
Part Labs Prog Midterms Final Total A Fa,:[, Labs ;rog Midterms  Final gc’tj'l
Activities Assns Grade ctivities ssns rade
UCR Students only O quarter gap
® OLPs[50] = MSPs [40] ®m OLPs[75] = MSPs [38]
100% 100%
75% 75%
50% 50%
25% 25%
0% 0%
Part Labs Prog Midterms Final Total Part Labs Prog Midterms Final Total
Activities Assns Grade Activities Assns Grade
1 quarter gap 2+ quarter gap
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UCR

Findings

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

A. MSP-trained CS1 students do just as well as OLP-trained students in an OLP CS2, in fact
slightly better

® OLPsin CS1[312] = MSPs in CS1 [241]
100%

s B
CS2 50%
scores Heo,

0%
Part Labs Prog Midterms Final Total
Activities Assns Grade
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Outline
» Background & Related work

> Our experience with an MSP approach
» MSP approach across universities & programming languages
»  MSP approach tools & analysis

» Contributions
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MSP usage analysis - other universities

» RQ’s:

How do students interact with MSP assignments at

other universities?

J.M. Allen, F. Vahid, K. Downey, K. Miller, and A.
Edgcomb. Many Small Programs in CS1: Usage

Analysis from Multiple Universities, Proceedings

of ASEE Annual Conference, 2019.

Prog Language |#Students # MSPs # Submissions collected |# Develops collected
Umiversity 1 C++ 20 98 3177 5635
University 2 Python 81 69 19244 19707
University 3 C++ 30 19 2397 3416
University 4 C++ 14 61 1675 5104
University 5 Java 11 51 643 3535
University 6 C++ 234 77 21451 40573
University 7 Python 333 43 88981 103089
University 8 C++ 79 25 7315 9298
University 9 Java 56 59 7454 18505
University 10 Java 321 65 40320 96721

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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UCR

Findings

L . . T4 ® Days before Due = Avg  Avg: 2.2 days
» Similar results from other universities
> Spend sufficient time (avg 12min per lab) g
> Start early (avg 2.2 days) § T2
> Complete most MSPs (avg 91% completion) g
T-0 —
1 2 3 4 5 6 7 8 9 10 Avg
_ _ _ . University
20 ® Time Spent per lab (min) = Avg  Avg: 12min . m Highest Score per Lab = Avg Avg: §1.23%
E: 1 75%
g 10 % 50%
& 2
.qé 0 25%
12 3 4 5 6 7 8 9 10 Avg 1 2 3 4 5 6 7 8 9 10 Avg
University A
University
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Experience with Coral MSP assignments in CS1

» Coral programming language
Ultra simple, pseudocode-like code

Designed for learners

C+

#include <iostream>
using namespace std;
int main() {

int wage;

cout << "Enter wage: "
cin >> wage;

wage = wage + 10;
cout << “New wage:";
cout << wage;

return 0;

}

Java Python
import java.util.Scanner; print ('Enter wage:; end=")
public class Main { wage = int(input())

wage = wage + 10
public static void main(String [Jargs){
print('New wage:’)
Scanner myScanner = new Scanner(System.in); print{wage)

System.out.printIn("Enter wage: “);
int wage = myScanner.nextint();

wage = wage + 10;

System.out.printin("New wage:");
System.out.println{wage);

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

J.M. Allen and F. Vahid. An Analysis of Using Coral
Many Small Programs in CS1, Journal of
Computing Sciences in Colleges, 2021.

Coral

integer wage

wage = Get next input
wage = wage + 10

Put “New wage: " to output
Put wage to output
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Experience with Coral MSP assignments in CS1

> Web-based simulator
»  Web-based flow chart language

integer x
integer y
integer max

X = Get next input
y = Get next input

QN O R WN

if x >y
9 max = X
10 else

11 max =y

13 Put max to output

Variables x = Get next input

y = Get next input

Not shown when editing

Input
5579 “

Output

Put max to output

Variables

0

0

0

Input
5579

Output

max

ENTER EXECUTION STEP

Execution speed
RUN ENTER EXECUTION STEP

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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UCR

Experience with Coral MSP assignments in CS1

» 3 weeks of Coral, 7 weeks of C++

> Hybrid Coral/C++ vs. Pure C++
Grade performance?
Time spent?
Develops/Submits?
Start date?
Pivots?

Class category Pure C++ Hybrid Coral/C++
Total class grade 88% 95%
Final exam 83%% 88%
Midterm exam 83% 95%
Participation activities 94% 95%
Challenge activities 94% 95%
Lab activities 96% 93%

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Findings

» Coral/C++ did not harm student grade performance
MSP usage is healthy

Time spent 100% = pure C++
Submit/Develop 22; CormliG+
Start date 40%
Pivots 20%
0%
1 2 3 4 5 6 7 8 9

Avg

v

Grade (%)

Week #

MSP assignments grade performnce

» Easier time teaching programming fundamentals
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Outline
» Background & Related work

> Our experience with an MSP approach
»  MSP approach across universities & programming languages
» MSP approach tools & analysis

» Contributions
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M S P I t I I J.M. Allen and F. Vahid. Analyzing Pivoting Among
p I VO an a’ yS I S Weekly Many Small Programs in a CS1 Course,

: Proceedings of ASEE Annual Conference, 2020.
» RQ’s:

> Do students make use of pivoting with MSP lab activities?

» Pivot definition:
> When a student switches to a different lab activity before completing the previous one
first

Not a pivot Pivot

MSP4
(10/10)

MSP2

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 36 of 56




UCR

Pivot outcomes

% Students that pivot each week # Pivots each week (avg, stdev)
Total Students (78) Total students (78) Avg: 2.2
100% 35
90% (3.7, 4.5)
80% - 30 (2.7, 4.0)
0% Avg: 65% o5
2 60% @ 20 (2.2, 3.8)
8 50% ©°
= = (2.4, 2.6)
N 40% o 15
X 30% :ﬂ! 10
20% (0.6, 1.3)
10% > ‘ - -
0% 0
1 2 3 4 5 6 7 8 9  Avg 1 2 3 4 5
Week # Week #
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UCR

Pivot outcomes

> Pivot none: did not pivot

> Pivot away: pivoted, and did not return

Pivot Compleie
> Pivot return: pivoted, returned, but made no -
Improvement in score

> Pivot improve: pivoted, returned, and improved
their previous score

Pival Imgra

> Pivot complete: pivoted, returned, and completed
the lab activity fully (scored 100%)

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Pivot interviews

> What is most helpful about pivoting?

“[1] Get to work on other labs and see what they ask for.
[You] get to look at something new and come back with a
fresh mind. Get 100 for the new one and come back
feeing less frustrated”

“The ability to go forward in lab and then come back with
some new information that you have learned”

“There are times when | get frustrated and can’t get done.
[I] tend to move on to see if future code can help to find
my error, the [lab] I'm struggling with”

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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UCR

FI n d I n g S Week 4 Workflow (220min 55sec; 128d; 11s)

. . H
» Students make use of pivoting e
65% of students pivot each week P L
Avg 2.2 pivots each week |

»  Programming workflow charts help us orin gz
visually recognize pivot patterns 7 S

0 50 100 150 200
Time (min)

» Students find pivoting helpful, often
using to avoid frustration and learn Pivot

from other lab activities W m
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Pro g ram m i n g WO r kfl OW C h arts J.M. Allen and F. Vahid. Concise Graphical

Representations of Student Effort on Weekly
Many Small Programs, ACM SIGCSE Technical
Symposium on Computer Science Education,

Q: Can we visually represent student workflow? %"

A: Yes - Student workflow charts (GANTT charts)

CodelLab
Codio
CodingRooms
Mimir
MyProg...Lab
Vocareum
zylLabs

Program
auto-grader

Logfile

Effort signs
Feature classifications

7 Programming behavior
r— insight website
—_—

Workflow
charts

f Workflow
charts

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Version 1. Calendar view (2017)

Features

SID: 143997; Week 5

»  Weekly calendar view
Labs on y-axis, Dates on x-axis

> Horizontal lines to indicate time spent

ETS
o 4 -
_ Tradeoffs
6 .
) » Pros: weekly view
| » Cons: data too small
B S S S N S S
é,@"’{b @9"‘“ é,xsa‘”ﬂ' é,@‘“ﬂ' @@"{L éﬁ& @@“ﬂ' @v‘“ﬂ' @v&
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UCR

Version 2: Compressed chart (2018)

Features
155182 Timing Diagram (t-61.35 min; 74D; 23S) y» Total time view
b1 0% Labs on y-axis, Time spent on x-axis
bl s0% 100% > Horizontal lines to indicate time spent
.. 60%  60% Score earned (%)
= lab 41 —80% 109%
. o o Tradeoffs
o] N > Pros: data representation
1 > Cons: readability
6 1 20 3 4 s e

time spent (min)
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4
i

Version 3: Clarity & readability (2018)

Features

135322 Week 4 Lab Gantt Chart (132min, 166dev, 17sub) 3 COIO"‘S
0%
! » Data summary labels
P 60%0% 60%60% S 7rmin, 72dev, Ssub ’ G rld
3 ﬂ g?%in, Sdev, Osub

»  Updated logic

5 i :;m 8dev, 1sub Tr ad eo ffS
6 0 D"f_ D%- (EBG5: 55I11T;‘|. T3dev, 7sub
? e > Pros: readability
T o o o o » Cons: readability (slight)
Time (min)

» Considerations: line colors & styles

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 44 of 56



UCR

Version 4a: Run type (2019)

Features

SID: 64046; Week 2 LA Gantt Plot (137min 22sec; 52dev; 71sub)

» Develop & submit indicators
1 by -3 zomin s Text & solid points

llllll

2 o b > Minor update to labels

60%
0% B0%
3 i — L ] 3dmin 22sec
> o, b5 Tdev, 11sub

100%
in 1d4sec

e Tradeoffs

100%
5 w I—‘% 39min 39sec
ad, 3d, 75 Zd, 135

20dev, 30sub

6 — »  Pros: more information

100%
100%
T — 11min 40sec

» Cons: clutter, readability, & data
4] 20 40 60 80 100 120 140 160 representatlon

Time {min} . . . .
» Considerations: indicator shape
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UCR

Version 4b: Run type details (2019)

Features

SID: 64046; Week 2 LA Gantt Plot (137min 22sec; 52dev; 71sub)

» Develop & submit indicators
1 ity W s Text & solid points
2| = o 47z Character ‘tails’
; — i sz »  Minor update to labels
3 100%:
g4 £2 L
) SEs=SSrem=s Tradeoffs
7 == o, 200 » Pros: more information, data

4] 20 40 60 80 100 120 140 160 representatlon
Time {min} .y
» Cons: extra clutter & readability

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside 46 of 56



Version 5: Tick marks (2020)

Features

Lab #

Week 7 Workflow (205min 35sec; 217d; 19s)

100%
15d, 1Is
[0 Y E0%  20% CED%
- =
Zagpes 1d, Os 23d, 3z 11d, Is 289d, Iz
0%
—m o
7d, Od, 15
B0 B0%
v -
27d, 1s 4d, 1=
100%
'I"'
4d, 1s
ORER il ) 20% 1%
=TT - =
ZO80s0s Z1ApZEt, I =0
100%
ZBd, 3z
0 50 100 150 200
Time (min)

100%
17min 44sec
19dev, 1sub

B0%
49min 34sec
70dev, Bsub

100%
12min 41sec
13dev, 1sub

B0%
29min 39sec
31ldev, 2sub

100%
Bmin 57sec
d4dev, lsub

20%
B2min Osec
52dev, 5sub

100%
27min Osec
28dev, 3sub

» Develop & submit indicators
Tick marks

Tradeoffs

» Pros: more information & readability

» Cons: minor clutter
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Version 6: Pivot indicators (2020)

Lab #

Week 5 Workflow (117min 20sec; 106d; 13s)

B0% &
333333
ED%
&
-
ad, 1z
100%
-
15d, 55
21]:‘“,
5d, 1s
100%
T T |'l'|'|'|'|'|'|'
38d, 1s
0 20 40 60 80 100 120
Time {min)

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

B0%

43min 25sec
37dev, 1sub
B0%

12min 2sec
Sdev, lsub
100%

21min 37sec

19dev, 9sub

2min 9sec
Sdev, 1sub
100%
38min 7sec
3bdev, lsub

0%

Ormin Osec
Odew, Osub
0%

Ormin Osec
Odev, Osub

Pivot: A switch between lab activities
without completing the current lab
activity.

Features

» Pivot indicators
Arrow to indicate pivots
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Lab #

Lab #

Version 7: Dual View (2021)

Assn 8 Workflow (83%; 26min 54sec; 0d; 17s; 3p)

30% 30%
e

0d, 2s

100%

—

0d, 15

20%

W

0d, 1s

100%

j—
0d, 1s

20%40%

20%

T

0d, 1s

100%

I E—

0d, 55

100%

0d, 2s

100%
J

0d, 45

10

15 20 25
Time (min)

1
24

4
54
6 -

02/23

T
02/24

T
02/25

T
02/26

T T T T
02/27 02/28 03/01 03/02 03/03
Date

100% (10/10)
emin 54sec
Odev, 4sub

100% (10/10)
1min 8sec
Odev, 1sub

100% (10/10)
14min 19sec
Odev, 6sub

100% (10/10)
1min Osec
Odev, 1sub

100% (10/10)
3min 33sec
Odev, 5sub

% (0/10)
Omin Osec
Odev, Osub

Features:

Start: early

End: late

Work type: marathon
# Subs: avg_Q2
Time spent: low_Q1
Suspicious: false

03/04

Features

» Dual time view & week view
» Classification features
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49 of 56



Lab #

urrent uses

» Understanding student effort
Normal, struggling, suspicious

» Basic student classifications
» Interactive website

Assn 2 Workflow (71%; 94min 52sec; 7d; 43s; Op)

100%
2d, 123
100%
—
3d, Bs.
100%
_'.I_I.I_I.I.I_I_I.i
10,108
100%
—_— )
o, 0
100%
—_—teie
1d, 75
20 40 60 80
Time (min)

100%
amin 59sec
2dev, 12sub

100%
21min 34sec
Sdev, Bsub

100%
28min 20sec
1ldev, 10sub

100%
11lmin 42sec
Odev, &sub

100%
23min 17sec
ldev, 7sub

0%
Ormin Osec
Odev, Osub

0%
Omin Osec
Odev, Osub

Lab #

Assn 1 (89min 48sec; 31d; 43s)

14 t
24 1
udn
3 1
#
o 44
© i
5 L
oa, 3ps
64
7

Features

Start: on_time

End: late

Work type: marathon
Num subs: high_Q3

Time spent: high_Q3

T G G RO L L s P L P A
(v} O Q' Q Q' (v}
N A A G L RO X
& & & ¢ o ¢ & & ¢
Date
Assn 2 Workflow (57%; 195min 20sec; 115d; 7s; 5 .
( P) Assn 2 Workflow (71%; 5min Osec; 11d; 5s; Op)
[ 100% 100%
35min 46sec 1 100% %UU%O
28dev, 1sub —_— min Osec
10d, 05 1Bd, 1s - 3dE\", 1sub
-3 L Lo % o [ 0% T
L —m 88min 3sec 100% 100%
T s £ o, Os 8d,0s  12d,0s 43dev, Osub 2 _ZHJ %Eﬂéc}‘)lsseucb
100% 100% -
Smin 9sec 100% 100%
&, 1s Gdev, 1sub _‘l Llmin Osec
. 20,15 2dev, 1sub
0%‘ (] D%‘ 100% 100% |
—_— Tt 61min 13sec ** 0% 100%
7 e o 35dev, 3sub e _|. Lrmin Osec
| i i 1 S 30, 13 3dev, 1sub
100% 100% |
Smin 9sec 100% 100%
3dl2s Sdev, 2sub B — Lmin Osec
B Tix ldev, 1sub
0% )
Omin Osec 0%
Odev, Osub Omin Osec
Odev, Osub
0%
Omin Osec 0%
Odev, Osub Omin Osec
Odev, Osub
0 25 50 75 100 125 150 175 200
. . 0 1 2 3 4 5
Time (min) ) .
Time (min)
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Interactive website

Assignment 8

Programming Workflow Charts

Assignment averages

# Submits

Assignment Total [290 students]
- Lab 1 [288 students]
- Lab 2 [287 students]
- Lab 3 [281 students]
- Lab 4 [281 students]
- Lab 5 [265 students]

- Lab 6 [11 students]

Timespent (sec) # Runs Score (%) # Develops
1h 21m 19s 79 93 58

6m 44s 9 99 6

20m 17s 19 93 14

27m 4s 25 91 19

10m 50s 11 96 8

19m 1s 18 93 12

12m 13s 10 57 4

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Interactive website

Select data view:

User display options:

Anonymize

Search for user id, names, or email

Time spent total

#Runs total

%Score total

# Develops total

# Submits total

000001

000002

000003

000004

000005

000006

000007

Instructor

Student

Student

TA

Student

Student

Student

33m 6s

1h 34m 42s

30m 30s

3m 56s

21m 28s

40m 21s

1h 10m 31s
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41

78

15

h
¥

41

70

=]

8]

Top
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Lab #

Lab #

Interactive website

Time spent ][ # Runs ][ Score ][ # Develops ][ # Submits ][ # Pivots ]

Assn B Workflow (B3%: 33min Gsec: 35d; 6s; Op)

0o (10/101
1]
16 0s 30 Ou 15
10 100% (10/101
2| _n.ll 3min Bsec
3dev, 1sub
%, 1
i 100% (10/100
3 —l Tmin SSsec
2dev, 1sub
FoE
0% 1 0
4| —— [: r
s
bl 100%,
| L |
] T T T T
EEL Y
6| [
Odey, Osub
o 5 10 15 20 23 30
Time [oun)
Features:
11 il
24 | Start: early
34 1 End: early
" Work type: sprint
1 ! # Subs: low_Q1
54 i Time spent: low_Q1
61 Suspicious: false
02723 o224 02/25 02/26 27 0228 ool 032 0xo3 03704
Date

Assn B Workflew (83%; 94min d2sec; 29d; 495; 0p)

-
1 u
oa 3
™ n0% S
ol I i 15’0’-\-.10.1.
2| T T 33min 12sec
1tdev, 10sub
16t 18
s A 100% % (107100
3 lI - II I Ll Ll WA }ﬂ;‘ng&l"'
1ldev, 295ub
- sa.1n sm 2.7 b, 18s
™
2
3 - .
4 L 3
8,55
0o,
: r
TN
e min Osec
dev, Dsub
0 20 40 (] 80
Time [min}
T Features:
14 i
24 | | Start: early
539 r i End: early
B \ H Work type: sprint
Y i # Subs: high_Q3
31 I ! Time spent: avg_02
61 i Suspicious: false
o223 o224 02125 02726 0227 0228 03701 0302 03/03 0304
Date
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Lab #

Lab #

Assn 8 Workflow (70%:; 30min 30sec; 0d; 15s; 2p)

100%
1| =
e ls
. o
2| - - e 10man 1sec
Odev, 3sub
(RN
- T 80% (8/10)
3| - . - T 13mun Gsec
Odev, Bsulb
(™
Eso
4| —_—
o 3
s |
6| o
odev ¢
a 5 10 15 20 25
Tiime [l
. Features:
14
24 ! Start: late
34 [ End: late
" ' Work type: sprint
1 , # Subs: avg_Q2
51 Time spent: low_Q1
61 Suspicious: false
02723 oz/24 02/25 02/26 27 0228 ool 0302 0xo3 03704
Date
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Interactive website

o i g s s .
Len o =
... = . PG .
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Findings

> Workflow charts are useful in CS1
Gain insight on student behavior
Recognize typical patterns
Show students

Lab #

Lab #
o v e W e
TS

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

02/23

Programming Workflow Charts

Assn 8 Workflow (83%; 26min 54sec; 0d; 17s; 3p)

30% 30%
—

0d, 25

100%

0d. 1s

20%

—
0d, 1s

100%
—

0d, 1s

20% 40%

20%

o

0d, 1s

100%

100%

0d, 2s

100% (10/10)
6min 54sec
0dev, 4sub

100% (10/10)
1min 8sec
0dev, 1sub

100% (10/10)
14min 19sec

0dev, 65ub

100% (10/10)
1min Osec
odev, lsub

100% (10/10)
3min 33sec
odev, 55ub

0% (0/10)
0Omin Osec
odev, Osub

15 20
Time (min)

25

Features:

Start: early

End: late

Work type: marathon
# Subs: avg_Q2
Time spent: low_Q1
Suspicious: false

T T
02/24 02/25

T
02/26

T
02/27

T T T
02/28 03/01 03/02

Date

03/03 03/04
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Contributions

An MSP approach in CS1 improves student satisfaction and reduces student stress

>

Students use an MSP approach to benefit their learning

An MSP approach can be used across universities and programming languages
Programming workflow charts provide quick and concise understanding student efforts
Pivoting reduces students’ frustration

CS1 DFW rate reduced to 8.4%

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside
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Publications

> Experience with an MSP approach

J.M. Allen, F. Vahid, K. Downey, and A. Edgcomb. Weekly Programs in a CS1 Class: Experiences with Auto-graded Many-small Programs (MSP),
Proceedings of ASEE Annual Conference, 2018. (best paper nominee)

J.M. Allen, F. Vahid, A. Edgcomb, K. Downey, and K. Miller. An Analysis of Using Many Small Programs in CS1, ACM SIGCSE Technical Symposium
on Computer Science Education, 2019.

> Many small programs in CS1: usage analysis from multiple universities

J.M. Allen, F. Vahid, K. Downey, K. Miller, and A. Edgcomb. Many Small Programs in CS1: Usage Analysis from Multiple Universities, Proceedings of
ASEE Annual Conference, 2019.

> Experiences in developing arobust popular online CS1 course for the past 7 years

J.M. Allen and F. Vahid. Experiences in Developing a Robust Popular Online CS1 Course for the Past 7 Years, Proceedings of ASEE Annual
Conference, 2020.

F. Vahid and J.M. Allen. An online course for freshmen? The evolution of a successful online CS1 course, Proceedings of EYEE Annual Conference,
2020.

> Teaching coral before C++in a CS1 course
J.M. Allen and F. Vahid. Teaching Coral before C++ in a CS1 Course, Proceedings of ASEE Annual Conference, 2020.
J.M. Allen and F. Vahid. An Analysis of Using Coral Many Small Programs in CS1, Journal of Computing Sciences in Colleges, 2021.

F. Vahid, J.M. Allen, A. D. Edgcomb, and R. Lysecky. Using the free Coral language and simulator to simplify first-year programming courses,
Proceedings of EYEE Annual Conference, 2020.

> Understanding features of an MSP approach
J.M. Allen and F. Vahid. Analyzing Pivoting Among Weekly Many Small Programs in a CS1 Course, Proceedings of ASEE Annual Conference, 2020.

J.M. Allen and F. Vahid. Concise Graphical Representations of Student Effort on Weekly Many Small Programs, ACM SIGCSE Technical Symposium
on Computer Science Education, 2021.
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Appendix A: Workflow chart (MSP)

Lab #

Week 2 Workflow (139min 24sec; 53d; 72s)

Copyright © 2021 Joe Michael Allen and Frank Vahid, UC Riverside

A0% ¥ 100%
L e o
2d, 11s Td, s
Deh%:
il
] ful. L0 1
B0% © B0% &
—e ——
1d, 3= &d, Bz
100%
i
2d, 35
LT 0% ¥ 100%
MRkl ™ - Lyl
P g
—_—
2d, Os
100%
-t
12d, 33
0 20 40 60 80 100 120 140
Time (min)

100%:
2bmin 18sec
S9dev, 18sub

100%;
Bmin 47sec
Odev, Tsub

B0%
34min 22sec
Tdev, 11sub

100%
Tmin ldsec
3dev, Isub

100%:
39min 39sec
20dew, 30sub

0%
10min 8sec
2dev, Osub

100%:
12min S56sec
12dew, 3sub
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Appendix

B: Workflow chart (OLP)

Assn 6 Workflow (100%; 143min 46sec; 89d; 27s; Op)

e e e MM o o R —_— "

i L Ll i i [T W1 100% (15/15)

ﬁ 1 T e T M mamm 1 I 1 O W1 , 143min 46sec

- 89dev, 27sub
1d, Os 130 M= ad, 0s £dSbsEy B 21d, 35 4d, 35 Td, 1s 15 i 1M

0 20 40 60 80 100 120 140
Time {(min)
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Sort by: [ Time spent ][ # Runs ][ Score ][ # Develops ][ # Submits ][ # Pivots ]
Order by:

Lab #

Lab #

Appendix C: Online webpage

Assn B Workflow (B3%: 33min Gsec; 35d; 6s; Op)

e
1|
18 0s 3o Om s
1% 100% (10/10)
3| _|'|'|‘ 3min Bsec
3dev, 1sub
%, 1
100% 100% (10v10]
3 —_ Imin SSsec
2dev, 1sub
1
100%
4| —_—
als
bl 100%
| |
3 =TT T
EEL Y
6| [
eV, 0L
o 10 15 20 25 0
Tiere (n)
Features:
14 ul
24 | Start: early
34 1 End: arly
Work type: sprint
41 1 # Subs: low_QL
54 i Time spent: low_Q1
61 | Suspicious: false
02/23 0224 02125 0226 02T 0228 031 0302 0303 LED S
Date

Assn B Workflow (83%:; 94min d2sec; 20d; 40s; Op)

-
1 L
O Be
hr 100% {10710}
2| it 33min 12sec
1Gdev. 10sub
16at, 10w
" e e % { .
3 ‘I - II - Lol 1 L Ll Ll il m;‘ns’fel'
1ldev, Fosub
" 541 Y 4.7 be, 1
a
C]
3 e .
. w -
0a. 55
noe
’ r
e
LA min
]
Q o0 40 L) 80
Time [mind
Features:
14 1
29 I Start: early
539 r End: earty
2 f Work type: sprint
34 # Subs: high_Q3
sq | Time spent: avg_02
61 Suspicious: false
0223 0224 02125 02r26 027 o228 03701 0302 03/03 0304
Datz
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Interactive website

Assn 8 Workflow (70%:; 30min 30sec; 0d; 15s; 2p)

TS
1 —
e ls
ar s 40% (4/10)
21 - - '/ 1dman 1sec
Ddev, 3sub
[N
- r B0% (8/10)
3| - L - i 13man Gsec
Odey, Gsub
" ol
o
i}
4]
5|
6l
Odey, Osu
o 5 10 15 20 25 o
Timee (mn} .
| i Features:
11 1
24 i 3 Start: late
= 3] i I End: late
8 | i Work type: sprint
34 , i # Subs: avg Q2
51 1 Time spent: low_Q1
61 i Suspicious: false
02/23 0224 02125 0226 02T 0228 031 0302 0303 LED S
Date
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https://www.cs.ucr.edu/~jalle010/programming_workflow_charts/dissertation_charts_sample.html

