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Introduction

» CS1 students code a lot
Many small programs approach: 5-7 programs /week
Lots of missing information

> Need insight into students’ coding process

Time spent? Days worked? -
Order of completion? # Runs?
Score earned? Took breaks?

» Goal: Quick & concise to gain this insight
“Programming workflow charts”
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Background — MSP teaching approach

» MSP - Many small programs
5-7 programs per week

» Characteristics
Concise prompt

20-50 lines of code (solution)

One topic per lab

»  Benefits!*?
Earlier starts
Reduced stress
Additional practice

1).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.

2J.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.
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Background — Program auto-grader

»  Modern day auto-graders (ex. zyLabs by zyBooks) CodeLab
Codi
Easy tO use ng:ggRooms
. [ Program auto-grader j Mimir
Immediate score feedback MyProg...Lab
o Vocareum
zyBooks: built-in IDE l zyLabs
Logfile’;
» Log file
Develop: testing
. . Programming behavior
Submit: gfadlng insight website Effort si
ort signs
¢ Feature classifications
A | B | C | D | E | F . G | ! Programming Workflow
1 lab_id user_id timestamp submission zip_location  score max_score Charts
2 LAB:Sample 1 1103 1/1/202117:23 1 https://xyz.zip 8 10 [[|:| J
3 |LAB: Sample 1 1103 1/1/202117:32 0 https://xyz.zip
4 LAB: Sample 2 1103 1/1/2021 18:11 0 https://xyz.zip /
5 LAB:Sample 3 1103 1/2/2021 12:00 1 https://xyz.zip 10 10
6 LAB:Sample 7 1103 1/2/202112:09 1 https://xyz.zip 2 10
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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_ [l

» Pros: weekly view
?_
| , | | » Cons: data too small
{}“& Qﬂ:} Dﬁ:\ E}'\:\ Q¢ Bﬂ:\ Bﬂ:\ Bﬂ:\ ‘2}{\
@Fﬁ{b @Fbﬂ' @‘Fﬁ"& @‘Pﬁ:" @‘Pﬁﬂ @F%{" @Fu;{" @@& @i\’d"
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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
.. 0%  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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Version 3: Clarity & readability (2018)

Features

UCR

135322 Week 4 Lab Gantt Chart (132min, 166dev, 17sub) 3 COIOrS

! omin. oy, sut » Data summary labels

P 60%0% 60%60% E?’:ﬁin. 72dev, Ssub ’ G rld

gE==: »  Updated logic

4 Omin, Odev, Osub

’ = Tradeoffs

6 0% (EBG5: 55min, 73d b

; L A » Pros: readability

0 20 40 60 80 100 120 140 ) Cons: readability (Slight)
Time (min)

» Considerations: line colors & styles
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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% £0%
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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Version 4b: Run type details (2019)

Features

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

» Develop & submit indicators

0 llillil“:f’:- . .
1 ity e 2 Text & solid points
IBE%: IDD.% [ . )
- ain 47sec Character ‘tails
B0% B0% ED%. =
3 — riw am s > Minor update to labels
4 - 100%
24 3 i
6 sEEpESsssst . Tradeoffs
! Zdev. Dsub.
7 — L1min 40 : :
» Pros: more information, data
0 20 40 60 80 100 120 140 160 representatlon

Time {min)

» Cons: extra clutter & readability
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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)
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Pivot: A switch between lab activities
without completing the current lab
activity.

43min 25sec

37dev, 1sub
B80%
12min 2sec
Sdev, lsub
100%
21min 37sec
19dev, 9sub
Features
2mir
Sdev
e
min 7sec . : 1
» Pivot indicators
0%
Elnzin Osec 1 1 1
Arrow to indicate pivots
0%
Ormin Osec
Odev, Osub
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Lab #

current 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
& & & & & & ¢ S
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
L L Lo % [ Y 0% )
L —m 88min 3sec 100% 100%
T £V =S 3, 15 3, 05 au,0s  12d,0s 43dev, Osub 2 _zn1—+ %Ené&%sseucb
100% 100% -
Smin 9sec 100% 100%
&, 1s Gdev, 1sub _‘l Llmin Osec
. 20,15 2dev, 1sub
C%‘ (] B%‘ 100% 100% |
—_— Tt 61min 13sec ** 0% 100%
7 e o 35dev, 3sub ) — Lrin Dsec
. i i S 30, 13 3dev, 1sub
100% 100% |
Smin 9sec 100% 100%
- 3dev, 2sub B — 1min 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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https://www.cs.ucr.edu/~jalle010/programming_workflow_charts/SIGCSE_sample/SIGCSE_sample.html
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Conclusion

> Evolution over 3 years
Programming Workflow Charts

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

» Useful in CS1 1 e —
Gain insight on student behavior s Smaen e
Recognize typical patterns = =
Instructor & TA ) 2

5 — e |

> Future ? b
Auto detect struggle ' S A
Improved classifiers
Interactive website for instructors
(hopefully soon ©) Email: jalle010@ucr.edu
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Appendix A: Website Summary Table

SIGCSE Sample Programming Workflow Charts

Assignment 2

Averages

Timespent (sec)

Assignment Total [298 students] 1h 2m 58s

- Lab 1 (LAB: Divide by x) [298 students] 12m 35s
- Lab 2 (LAB: Driving costs) [298 students] 12m 44s
- Lab 3 (LAB: Expression for calories burned during workout) [298 students] 11m 58s
- Lab 4 (LAB: Using math functions) [297 students] 12m 50s
- Lab 5 (LAB: Phone number breakdown) [294 students] 9m 45s

- Lab 6 (LAB: Simple statistics) [56 students] 14m 29s
- Lab 7 (LAB: Musical note frequencies) [23 students] 12m 44s

57

14

10

10

12

15

13

Score (%)

98

99

99

99

98

99

74

78

# Develops

42

10

10

10

11

# Submits
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Appendix B: Website Chart View

Sort by: [ Time spent ][ # Runs ][ Score ]

Show users € Anonymize

Assn 2 Workflow (71%; 43min 5sec; 16d; 5s; Op)

o

won

Lab #
-

0 10 20 EY) 40
Time (min)

9309000

Assn 2 Workflow (71%; 26min 17sec; 22d; 10s; Op)

Lab #
S

0 s 10 15 20 25
Time (min)

13778122500

15sec
1dev, 1sub

4min 12sec
1dev. Tsub

Lab #

Lab #

Advanced sorting

Assn 2 Workflow (71%; 21min 3sec; 17d; 16s; Op)

4
5 10 15 20
Time (min)
8026316100

Assn 2 Workflow (71%; 59min 19sec; 68d; 6s; Op)

10 20 30 40 50 60
Time (min)
15100770900

1
2
D
Odev, 2sub 3
-
X g4
: 5
. .
o
Puosec 5
S 5%
1
2
3min S1sec
4dev. 2sub 3
.
12 g4
5
5
H 6
o
[ A
S 3%

Assn 2 Workflow (14%; 32min 17sec; 11d; 9s; 3p)

™
—_
0 5 10 15 20 25 30
Time (min)
9968013000
Assn 2 Workflow (14%; 2min Osec; 2d; 1s; Op)
0%
t—————————
»
———————————a—y
000 025 050 075 100 125 150 175 2.00
Time (min)
16365157800
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100
Lmin Osec
1dev, 2s5ub

8min 35se
Sdev, Osub

[
19min 9sec
2dev, 7sub

%
omin Osec
Odev, Osub

Odev. Osub

100%
1min Osec
1dev, 1sub

o
1min Osec
1dev. Osub

Lab #

Lab #

w

]

Assn 2 Workflow (25%; 23min 11sec; 17d; 3s; 5p)

Assn 2 Workflow (82%; 43min Osec; 46d; 13s; Op)

e
—
-
~wrereery
—3
10 20 30 40
Time (min)
18487930800

'
“ Tmin 19sec
= 1dev, 0sub
s = 2min 20sec
% 3dev, 15ub
g
ney
™
o%
Omin Osec
Gdev. Osub
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Time (min)
13355012400

Smin 34sec
2dev. 1sub

o
Omin Dsec
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Appendix C: OLP Chart View

Asshn 6 Workflow (100%; 143min 46sec; 89d; 27s; 0p)

[ T L e e 1] e DB ARG 100G
bid | T i i T W1 I 1
ﬁ 1 T mam T I nRmmn T T L RN !
-
1d, 05 1T, M= o, 05 00 M 21d, 3= 4d, 3= Td, 1s 15 s T 10 ®s
0 20 40 60 80 100 120 140
Time (min)
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