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Elicast. Embedding Interactive Exercises
INn Instructional Programming Screencasts

Text-based
Screencast

[* Elicast */

Python lambda, map, filter

orint(add_1(3))

add_N lambda = lambda x: x + 1
print(adqd_1_lambda(5))

1= [1, 3, 2N4]

12 = []

for e in 1:
12.append(e + 1)

orint(12)

print(list(map(add_1, 1)))

print(list(map(lambda x: x + 1, 1)))

L_twice_2 = list(map( /* Write your answer héTe x/ ,

Automated
Assessment

Embedded
Exercise




Text-based Programming Screencast

https://youtu.be/dKWIgDLgsm8



Embedded Interactive Exercise

&l A CHFESIE| EE | hips//teacherelicastkr/player.html

/* Elicast */ Load

String Formatting in Python

4
5 username = "Bob" >_ Run
6
7 ss = "Hello, {}. How are you?".format(username) Output =
8
9 print(ss)
1e
11 sss = "{}".format(4)
12
13 print(sss)
14
15

> 1 2:01/ 6:02

U

https://youtu.be/KZZIvBtDwXU



Assertion-based Automated Assessment

Assertion View

1 a, b =3, 4

2
3 ¢ = EREE

‘M assert(c == 30)
5 d - ENeld

Gl assert(d == -20)

Final View
1 a, b =23, 4 1 a, b =23, 4 1 a, b =3, 4
2 2 c =EF 2 ¢ = B}
3 3 3 d = ERGNe
4 4 4
5 5 5
Instructor’s View l l :
S —> (Ime
Learner’s View T T
1 d, b = 3, 4 1 a, b_=_ é,_4_ _
2 2 C = I_ _____ JI type ub + au
3 3 -
4 4 and submit
5 5




Exploratory Study

Study 1. Instructors record exercise embedded screencast

Q) how instructors make use of embedded exercise In
creating screencast lectures?

Study 2. Learners watch screencast and engage in exercises

Q) how learners engage with the exercise embedded
screencasts?
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Study 1. Instructors Record Exercise

Embedded Screencasts

5 experienced instructors
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Two 15-min screencasts Semi-structured
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Tutorial Video —
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Study 1. Instructors Record Exercise

Embedded Screencasts

5 experienced instructors

Two 15-min screencasts Semi-structured

Tutorial Video — : — .
At least 2 exercises / screencast Interview

(~ 7 days)

10 screencasts

# (avg. 15.1 minutes)

36 embedded exercises
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Findings From Study 1

Modularized, checkpoint-style learning units

Assertions are easy-to-create yet limited

Expectation of pedagogical benefits
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Modularized, Checkpoint-style Learning Units

Instructors tended to organize each screencast lecture into smaller learning

units.
27 . lecture part
8 . - B exercise part
7 4
T 67
%5— [ ]
g 4- H N =
& 34 B N NN
2 H B BN
1- 1 1 N ]
0 - i [ [] [

o

10
Time (minutes)

15

20
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Modularized, Checkpoint-style Learning Units

“With Elicast, what | felt different from the conventional lecture style was that | could
define finer-grained goals of the lecture...” (instructor 1)

- -

P e R En (e, iean) # Check Answer [l B GRSE e 3 de'z 15leldpiace (state, place): # Check Answer RO
e, : 4 X, y) = place
‘ (X; &')‘= place . Output - 5 ifx<B@ory<@orx>2ory>2: Output -
/* Write your answer here */ 6 return False
return True 7 elif state[x][y] != "."
8 return False
8 def dummy_player (state): g9 return True
9 return (O, eﬂ

1

16 1 def getFlippedState (state):
1 /* Write your answer here */
1

11 def playerl (state):
12 for i in range(3):
13 for j in range(3): 14 def dummy_player (state):

- if stateRIOl == " Two independent sub-goals 15 return (e, o)
15 return (i, j) 16
1 1 6:28 / 17:57 i : s e
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Modularized, Checkpoint-style Learning Units

“... | felt I needed to schedule well to evenly distribute time and the level of difficulty
among the exercises. This was the difference from my past online lecture...” (instructor 2)

53 unmatcnea = [, A 13/ Test{matcnea = [~ab~, ‘

84 pattern = pattern) P Skip Exercise 138 "abab", P Skip Exercise

85 139 "ababab"],

86 pattern = "a?" Output — 148 unmatched = ["aba", Output —

87 test(matched = ", 141 "ababa"],

88 "a"], 142 pattern = pattern)

89 unmatched = ["aa"], 14%

90 pattern = pattern) 144 pattern = "| /* Write your answer here */ "

o 149 test(matched = ["def func(singleArg):",

94 pattern = /* Write your answer here */ 14 "def func(Argl, Arg2):",

994 test(matched = ["38", 14 "def\t\taaa ( Argl, Arg2 ,

94 "-182"], 14 unmatched = ["def aaa"],

94 unmatched = ["@720"], 14 pattern = pattern)

94 pattern = pattern) . 15 =
3 _5_ 13

1 1 1453/ 1 1 9

Examples with different difficulties
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Assertions Are Easy-to-Create Yet Limited

The instructors spent a median of 1.82 minutes on writing assertions.

2o - it £ AfE S SRS -
27 def sum_all(*args):  UJnit test style (& Record Assert q._init_ () & Record Assert
28 sum = @ q.push(1)

29 for i in args: A q.push(2) Output —
30 sum += i q.push(3)

31 return sum q.pop()

3 q.push(4)

34 assert(sum_all(1,2,3) == 6) q.push(5)

34 assert(sum_all(1,2,3,4,5,6) == 21) assert(q.front() == 2)
3 assert(qg.size() == 4)
36 print(sum_all(1,2,3))

37 print(sum_all(1,2,3,4,5,6)) q.pop()

= assert(g.front() == 3)
39 def sum_multiply(a, b):

A assert(g.size() == 3)

s=a+bh M a nonl)

=
®

-
r
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Assertions Are Easy-to-Create Yet Limited

“If | wanted to test a condition in an if statement, then it would be quite
difficult. There are certain places | can set as an input field, ...”
(Instructor 1)

“Some things cannot be test with assertions. ..., especially when
assessing based on how well the student formed the code structure.
This is essential when we teach novice students, ...” (Instructor 4)
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Expectation of Pedagogical Benefits

While some instructors felt recording with Elicast took more time and effort, all
expected that Elicast would be pedagogically beneficial to students.

“I like the fact that students would feel they are writing code with me,
rather than repeating after me ... | like how students would feel they're
learning together.” (Instructor 1)

“... this tool allows the instructor to quickly create small-sized exercises,
which is intuitive to both instructor and students, and students can check
If they actually understood the lecture — by doing.” (Instructor 4)
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Study 2. Learners Watch Screencast and

Engage In Exercises

63 undergraduate students
The majority (46/63) had taken only one CS course before
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Study 2. Learners Watch Screencast and

Engage In Exercises

63 undergraduate students
The majority (46/63) had taken only one CS course before

For each student,

Id Title Duration  # exercises Screencast A’
Screencast B

L1 Max Machine 15:51 5 randomly Screencast A randomly choose one

L2 Queue 14:21 4 > > or
select Screencast B and remove exercises Screencast A

L3 Python RE 20:38 4
Screencast B’
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Study 2. Learners Watch Screencast and

Engage In Exercises

63 undergraduate students

The majority (46/63) had taken only one CS course before
For each student,

Id Title Duration # exercises Screencast A
L1 Max Machine  15:51 5 randomly  Screencast A randomly choose one Screencast B
> > or
L2 Queue 14:21 4 select Screencast B and remove exercises
Screencast A
L3 Python RE 20:38 4

Screencast B’

Pre-survey =t Pre-test —> Screencast — Post-test =t Post-survey

T Screencast A’ and B
Repeat for or

Screencast A and B’
26



Findings From Study 2

Active engagement in lectures

Preliminary evidence on higher learning gains

Learning by doing
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Learners Engage In Lectures Actively

1.0 A
Tried at least once
L 08 (Correct-1,Correct-N,Give-Up)
90.44%
E 0.4 -
2 Correctly answered
0.2 - (Correct-1,Correct-N)
00 73.16%

O ot gt ot o ot ot ot o? ot
Exercises (Lectureld - Exerciseld)

Bl Correct-1 Correct-N Give-Up Skip
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Learners Engage In Lectures Actively

The number of video navigations per student

(play, pause, seeking)

25.16 >> 16.30

unequal var. t-test

w/ Exercise “p < 0.005 w/o Exercise
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Learners Engage In Lectures Actively

The number of video navigations per student
(play, pause, seeking)

25.16 >> 16.30

w/ Exercise  unequalvar ttest _ DenSe navigations
*p < 0.005 around exercise parts

e WML
L1 F > Duffererotcr;zlal\t/;/gatuon ] I
1kl MH

mm T i IHIM m

2 4 6 8
Time (minutes)

lecture part

I exercise part




Learners Engage In Lectures Actively

13 students mentioned that they were able to stay focused and be engaged
throughout the lecture because of the embedded exercises.

“Online lectures are usually disengaging, but | stayed focused
this time in order to solve the problems.” (Student 17)

“It made me take time to write code and apply things that I might
have overlooked otherwise.” (Student 56)
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Findings From Study 2

Active engagement in lectures

Preliminary evidence on higher learning gains

Learning by doing
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Preliminary Evidence on Higher Learning Gains

Learning gain := post-test score — pre

p <0.001
r—="
1.0 . : i
w/0 exercise :
Bl w/ exercise v

0.8 -

0.4 -

Avg. learning gain (normalized)

0.0 —
L1 L2 L3

Screencast Id * unequal var. t-test
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Preliminary Evidence on Higher Learning Gains

Applying What I just Learned (11) °l realized that understanding something
conceptually is quite different from applying
it in practice” (Student 43)

1

Checking for Understanding (8) “... It gave me a chance to think twice about
the contents that | was going to go through

In confusion.” (Student 58)

Memorizing (6) “Solving the exercises during the lecture, | was able to take
control of my own learning, and | will probably remember
longer through repetition of the concept” (Student 11)
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Findings From Study 2

Active engagement in lectures

Preliminary evidence on higher learning gains

Learning by doing
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Elicast Promotes Learning by Doing

The number of code executions
(excluding submissions for exercises)

5.14 > 0.71

unequal var. t-test

w/ Exercise “p < 0.001 w/o Exercise
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Elicast Promotes Learning by Doing

(Pearson’s r = .26)
Positive correlation between the number of code executions and learning gain

1.0 A ® e o ® W/ exercise
7 w/o exercise
. 08- eoeo eo ® °
o
Q
N oo o ° ° ° ®
© 0.6 7
§ ° ®
o
E 0.4+
c ° o0
8
o 0.2 oo o
£
C _
S 0.0 - ® 00
Q
|
_0.2 1 ° ™ °
_04- T T T T T
0 10 20 30 40

# code executions
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Future Direction

Provide learners’ activity as feedback to instructors

“The most skipped exercise would be my primary interest. Then
| would improve my lecture based on that data.” (Instructor 2)

“... Lecturers could know who did not understand which part of
the lecture. ... This could not be done in my past lecture
experiences.” (Instructor 4)

Provide more guidance for exercises to learners

“... but | thought | needed some hints that would guide me In
solving problems and lead me to the intended direction ...”
(Student 31)



Summary

« We present Elicast, a screencast tool for recording and viewing
programming lectures with embedded programming exercises
* Elicast positively influenced the behaviors of both instructors and learners

* Instructors — smaller learning units using embedded exercises as

checkpoints

» Learners — active engagement in the lecture with embedded

programming exercises



Code: https://github.com/elicast-research/elicast

Elicast: Embedding Interactive Exercises
INn Instructional Programming Screencasts

/* Elicast */ Load

Python class
class Animal: M Skip Exercise

def __init__ (self, name, num_legs): Qutput (-

self.name = name
self.num_legs = num_legs

cat = Animal('Cat', 4)
class Car:

# model, num_wheels
/* Write your answer here */



