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CS games

Why games”?

= Engagment
= Motivating

= |ntfroductory for grade
school

= Time on task

= CS Field Guide




CS games

More effective than:

= |lectures Sitzmann: meta-analysis
. of 60 papers

= reading

= videos

= assignments
= discussion

= combination of computerized
tutorials and assignments

= the combination of lecture and
iInstructional methods




CS games

Less effective than:

= hands-on practice
= computerized tutorials

= the combination of group activities
and discussion




CS games

Better retention

Better factual
knowledge

Better skill based
knowledge

Higher self-efficacy




CS games

BUT!!

= Must be used with
other instruction,
especially debriefing




Whatis a game?

= Fun/free:

Light hearted. not
obligatory, joyous

= Separate:

Circumscribed in time
and space

= Uncertain:

Not pre-determined,
player innovation

Roger Caillois (1913-1978)

http://dratarrant.wordpress.com/



CS games

What is a game”?

= Rules:

New legislation which
alone counts

= Make-believe:

Secondredlity or free
unreality

Educational:

Teaches a CS topic:
better understanding
or sKill

Roger Caillois (1913-1978)




CS games

ontinuum

= Obligatory play?

= |s binary make-
believe?

= Replayability?

What's the
number?

2% 52 3‘4ISi|

Show my number l
New try |

45 46 47

& & ¥
=
5
&
£

57 58 59 60 61 62 63

24 25 26 27 28 20 30 31

Your numher is- 24
Wolfram ﬁ Demonstrations Project demonstrations.wolfram.com




CS games

Finding games

= CS ed papers

= CS teaching resource repositories
= Search

= Post list on SIGCSE mailing list

= 81 potential games
13 not CS
18 not games
? unavailable
41 in final list
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Useful, but concept notin game

= Noughts and crosses
(Al)

= Twenty questions
(Information theory)

xX34?

x32? x36?
V es y \(cis

x31? x33? x3H? x37?
no es no es no es no \{es

x=0 x=1 x=2 x=3 x=4 x=5H x=6 x=7




Sitzmann and Callois

= Game WY W)

:
5 = Nota game




CS games

Types of games found

Cost Hours required
Free Low High | <3 3to2 >2
Desktop 4 0 1 0 0 5)
Mobile 1 3 0 4 0 0
Browser 21 0 0 21 0 0
Unplugged 9 0 2 6 5 0

UNIVERSITY OF
CANTERBURY
Te Whare Wananga o Waitaha




CS games

Topics covered

Graphs

Cyber security

Software engineering models

History of networking

Turing machines

Binary

Run-length encoding

Sorting/searching algorithms

Traveling salesman problem

Networking and Routing

Programming concepts

12

UCT
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CS games

Programming concepts

= ToonTalk 3

= Cargo bot

= The Bead Loom game
= Blockly

= Brando the Egg Hunter
= Lightbot

= Lightbot 2.0

= Robollle

= Treasure Hunter

= Swap puzzle

Blockly : Maze

her nest. If you want ; -
- her to carry other

12 3 4 5 6 7 8 9 10

Stack a couple of
‘move forward'
blocks together to
help me reach the
goal
» Run Program
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RoboRally
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CS games

Programming concepts

= |nstruction sequence
= Functions

= Design/planning

= Conditionals

= Loops




CS games

Light bot

tE&S @

Rotate the Bot
with these.
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Lightbot 2 (recursion)

3J2ISL@)R=IAL

CALLS 0 LEAR CC ANDS
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Cargobot

Shuffle Sort

GOAL

TOOLBOX

geps

PROG PROG  MROG

2 3 4

W cLear




RoboZZle (recursion)

B B B e e Bx  »




CS games

Cisco Binary

(128 |64 [ 32 [ 16 [ 8 |4 [ 2 [1 ]

. 128 |64 [ 32 |16 [ 8 [ 4 |2 [1 ]

BINARY

Score
Level

Lines Left

Il Pause game
11 ] Music Off
<< Change Music

X End Game
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Crossbin

Crossbin #1

Across
[1]: 8
[3]: 4
[4]: 44
[5]: 3C
[7]:1B
[9]: C
[A]: 7F
[Cl: E
[D]: 1D
[E]: AOA
[F]: 36

Down
[1]: 5F
[2]: 6D
[3]: BE
[6]: 1C
[71: C

[8]: 1D
[Al: E

[B]: 1A

e csedk12.org/crossbin/p01.html
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Binary Flash

\ csunplugged orgL»yff'

Convert to decimal

Convert the binary number "¢ ¢ 1 1 1 1" to decimal,
you may use the columns to help you.

3211684121

| O 11111
An p Submit
SWEL: |- Answer

{10 left to go)

<< MAIN MENU
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Binary number quiz

What's the
M number?

et

A -
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Binary fun

[

written by jerry wolski

Round 1 N GANE g
START ROUID § 0

press space

7 ; SMOPIGAME




CS games

Binary flash cards

Correct [ 77

o

What is the base 10 equivalent?

0

UC®

UNIVERSITY OF
CANTERBURY
Te Whare l‘llm.nﬁu\:- /ﬁtl‘a::“xkg




CS games

Cross- blnory opp

Across @ 14 45 80 109
orUp 152 194 211 245

, D R
o




CS games

Binary game

Level 4
Round 4 /5

T BAD!
0+

128 64 32 1

6 8 4 p) ‘
H*OYOYOYOYOr D ®

& .i
.
’

UCY

UNIVERSITY OF
CANTERBURY
ChRISTOURCH R 1AL




CS games

Binary Maglock

MAGLOCK

UC®

UNIVERSITY OF
CANTERBURY
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Binary principles

= Conversion?

= Or...
Each bit doubles range
Adding 1
Double a number
8/16/24/32/64 bits
200/1000 bit crypto
Arithmetic and logic




CS games

CyberCIEGE (security)

S CyberCIEGE

BUILDING:
Entire Office

Will | be promoted?

R
Frank's Workstation
Assigned To: Frank
0S: Populos V8 Desktop
HW: Blato Desktop Select
Availaiblity: 100

Software:
WordSmyth
Domain: Office

Assets:

DOWN ARROW FOR MORE

ITSTAFF, BUY

RSITY OF
TERBU
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CS games

Orange game




CS games

Mind Share (networking and binary)

ESA Wireless Topology

i & single ol does not provide enough Coverage, any
number of colls can be added %o exiend the range R Is
recommended that ESA celis have 10 1o 15 percent
overiap 10 alow remole users %0 roam without losing
RF connechions. Borderning cells should be set 1o
different, non-overiapping channels for best
perdormance

Drag a weeoless Access Point from $he Sream and
op il in the QBOX closest 10 the Bplops, iry 10 mchude
o of the aptops In as fow cells as possible. Make

sure that cells with e same channel don’t overiap
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dox3d!]

a network security game

\
\.

UNIVERSITY OF



CS games

CTRL-ALT-HACK

v(i-lj:-é;

/2520

ROXANA

OC 3= A\fu=| =8

e
2 b

ok

He+
HARDWARE HACKING n .sonwmswmumr
NI:TWORKNINJA . . cmwmm:sls
somsuausemunﬂ ! mcnensmx

By discarding two cards from her hand, she
can substitute her Cryptanalysis skill for either
Hardware Hacking or Social Engineering. This
substitution only applies to one task.

Abig fan of elegant math and detective stories, Roxana's
always more than happy to tum any problem info a
math puzzle.

ConTRoL-ALr SR

One Hacker, Won Vote
‘The audit target: an electronic voting machine rushed
to market in time for an election.

£ LOCKPICKING OR 3" WEB PROCUREMENT
Pick the lock or locate a site that sells the
manufacturer’s master key. Now you have access to
the system internals—including the software.

4 SOFTWARE WIZARDRY
Use your reverse engineering skilts to discover ways to
undetectably change votes.

Success: ] Hacker Cred. You could pull
this attack off in two minutes in a voting
booth.

Failure: @] Hacker Cred

CoNTROL-ALT ST}

BAG OF TRICKS

Dumpster Diving

You don't mind getting dirty. You're happy to

dig through a company's garbage to look for
un-shredded specs, documentation, and
inter-office memos. This time the client's guards
are vigilant. Rent a garbage truck, then go
through your haul off-site.

Play this card during a Mission.
All your Hardware Hacking rolls for the
Mission are automatic successes.

Discard this card after use.

oo D)

CONTROL-ALT STINY




CS games

SimSE (Software Engineering)

ARTIFACTS
CUSTOMERS
EMPLOYEES
Projecrs

Toors

Type: Requirements ODocument
Natra - Requiresants
Namknown Errees: 0
PercertComplete: 35

ol Ne A T

- 4 7‘ Crasting reqirements
Emily

-
A Crosting reqirements

Anita

‘3" Cresting desion
Mami

-
+ o Cresting reqirements
- On » treak

Pedro

v
7 Cresting desion
Cavin

A

Ravieving desion

121 L] storarnomn

UN
C

¥

N RSITY OF
ANTERBURY




CS games

Tour finder

ISP

TSP Games > Tour Finder

Home

TSP Games

> Tour Finder

Tour Race

Tour Finder

The object of this game is to find the shortest possible traveling salesman tour through the green
cities. The tour may start off at any of the cities, must touch upon each city at least once, and return
to the originating city. It is fairly easy to find a good tour. Finding the best possible roundtrip is far
less obvious

Cities: 2
Length: 63.00

Define a traveling salesman tour by clicking your left mouse button on circles.
Type the letter 'x' to undo your last choice.
Type SPACE to start on a new problem of the same size
Type '+ or '-' to start on bigger or smaller problem.
Once you define a complete tour you see how it compares to the optimal tour. If your tour is
the best possible in terms of its length type SPACE to try your hand at another problem. In the
more likely case that your tour is not optimal you have the following choices:
o Type 'o' (for optimal) and the applet shows you the optimal tour along with your tour.
You can type 'f' to change the display mode or SPACE to return to editing your tour
o Type 'x' to remove the last city from your tour. This returns the game into editing mode
After removeing a few cities you can try to build a better tour.
o Type SPACE if you want to start over with a new problem

These games was implemented using the mcmTheater package, see mcmTheater Home

UNIVERSITY OF

CA

TERBURY




CS games

Concorde TSP

wi. ATET 2 12:42 PM =Y

30 random cities #Cities: 30

Moats: 1889.0 (Gap 0.000%)

Load Log Run Help < F




CS games

Game evaluation

= Active/Passive
= Flow

= | ongevity




CS games

Active/passive

= Active: Educational
content is part of
game

= Passive: Content is in
iInstructions or support
material




CS games

Binary game

o000 Optus 9:57 am

Store Level 1
84 Round2/5

You Goal

224

“128 64 3 8

1

94% W)
2 Time

2 16 4 o |
I e TN AN I R e N

UCY

UNIVERSITY OF
CANTERBURY
ChRISTOURCH R 1AL




CS games

CS Unplugged Binary Flash

How do you do 1t°

With binary numbers, the right most number is worth
the least and the left most worth the most and each
column is worth double the cone on it's right e.q.

2561128|64|32|16|8]4(2]1

if there is a "1" in the column you add that walue to
the total, if there is a "0" you don't




CS games

Blockly level 1

Blockly : Maze

1

2 3 4 5 6 7 8 9 10

Stack a couple of
‘move forward'
blocks together to
help me reach the
goal.

s




CS games

Blockly level 5

Blockly:Maze 1 2 3 4 5 6 7 8 9

10




CS games

Blockly level 9

Blockly : Maze

1

2 3 4 5 6 7 8 9 10

If-else blocks will do one thing or
ﬁ the other.

if path
You have 6 blocks left. do

i

co

» Run Program s



CS games

OFFICE

Jerry:

Happiness: High
Productivity: High

Thoughts:
| really need to see a
shrink.

ITSTAFF| BUY

Warning! Users cleared to SECRET can access TOP SECRET assets.




CS games

Some introduction iIs common

Tour Finder

The object of this game is to find the shortest possible traveling salesman tour through the green
cities. The tour may start off at any of the cities, must touch upon each city at least once, and return
to the originating city. It is fairly easy to find a good tour. Finding the best possible roundtrip is far

less obvious.




CS games

Passive

]
Cisco

C Mvsilable Cash
MonSey Inzomes
f Cusiomars

Main Ma2nu

Nest  [F 5139 5420650 000 nagpewss

Disbup Era Jul 1904 Goss & ResearchSensdband Era

myPlanNet

Fiantiat Otox
Prandiet Ceoy

9,195,000
<5110
423,150

Cost

Prerequisies

Technaology Discovarias Aoyl

Services Mlowed

onnect
i tzens

Ty s

" Resisere
 Businesses
 Ravdants

rFay
« 2
L]

Tema

v

UCT
\1‘1““

UNIVERSITY OF
11431019



CS games

Flow

= Absorbed by activity

Challenging enough to
be interesting - R
Not too challenging e . et
= More time on task
- ZPD Boredom
Skill

“Flow" concept by Mihaly Csikszentmihalyi. Drawn by Senia Maymin.

UNI F
CANTERBURY
Te Whare Wananga o Waitaha




CS games

Adjust difficulty

0 I 0 N N R R

L128 |64 [ 32 [ 16 | 8 | 4 [2 |1 |

BINARY

Il Pause game
A Music On

<< Change Music
X




CS games

Manufactoric

ACCEPT:
HMove robots
from the
entrance
(top) to the
exit
(bottom)!

]

Robotoast! Parts Placed: O

Click or drag to delete components!

UCT
0,/

INIVERSITY OF
CANTERBURY



CS games

Manufactoria




CS games

Limited flow

| £ SimSE
Analyze

| ARTIFACTS |5
CUSTOMERS
EMPLOYEES
PROJECGTS
TooL

| am assigned to the
Inception phase and ready
to work -- let me know
what to do. AND We have
started a new iteration!

Assigned to Inception phase

| am assigned to the lool(s) have been
Inception phase and ready purchased!

to work -- let me know
what to do. AND We're off
to meet with the customer
to determine the scope and
overall requirements of

the project, as \tuell als to

e are now officially in o . ¥ Assigned to Inception phase
the inception phase -- s ¥ Meeting with customer
Gretchen

Name: Gretchen TestSkill: high
ProjectManagement Skill: high PayRate: 500.00
Architecture Skill: low Idie: false

Type: SoftwareEngineer DesignAndDevelopment Skill: low

ADVANCE CLOCK
[ ] stop AT gvenTs

Requirements Ski
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Anti-flow?

]
Cisco

C Mvsilable Cash
MonSey Inzomes
f Cusiomars

Main Ma2nu

Nest  [F 5139 5420650 000 nagpewss

Disbup Era Jul 1904 Goss & ResearchSensdband Era

myPlanNet

Fiantiat Otox
Prandiet Ceoy

9,195,000
<5110
423,150

Cost

Prerequisies

Technaology Discovarias Aoyl

Services Mlowed

onnect
i tzens

Ty s

" Resisere
 Businesses
 Ravdants

rFay
« 2
L]

Tema

v

UCT
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UNIVERSITY OF
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CS games

Longevity

= Time on task improves
learning - generally

= Classic games
replayable by
definition
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Robo/llle

= User-defined layouts

* k * kx|
* I B
" E T
» *
*lx x kxR
B #
* xx x %%

BB

%

#
*

&

#

*

#

* *
*

*

Za il € 5:10 PMm
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Binary games

= 8-bits only

= Speed can improve

eeeee Optus 9:56 am

Score Level 1
0 Round 1/5

-

You Goal

42

“428 64 32 16 8

4 2 1
I N T N A N 7 N

« Exit

UCY

UNIVERSITY OF
CANTERBURY
ChRISTOURCH R 1AL




CS games

Small games with longevity

= Only one puzzle
available

= Generalisable

] % 3 4

2

3

4
Rows (Across): Columns (Down):
1. "2 Down" x 2 1. NOT "2 Across”
2. A triangular number 2. NOT "1 Across”

3. The cube of ("4 Down" - 2) 3. "2 Across” x 2
4. "3 Across” + "3 Down" 4. "4 Across” - "1 Across”
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Practical issues

= Freedom given to
players

= Length of play

= Debriefing to maximise
learning

= The listis growing and
shrinking
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Life size RoboRally

http://www.andycollins.net/Personal/lGwenCon/2005.htm




CS games

Conclusion

= Many games suitable
for school use
= Limited range of topics

= Many considerations
for choosing games




CS games

http://tinyurl.com/csedgames
benjamin.gibson@pg.canterbury.ac.nz

tim.bell@canterbury.ac.nz
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