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Creating Explanatory Visualizations of 
Algorithms for Active Learning

Abstract
Visualizations have been used to explain algorithms to learners, in 
order to help them understand complex processes. These 
‘explanatory visualizations’ can help learners understand computer 
algorithms and data-structures. But most are created by an 
educator and merely watched by the learner. 
In this paper, we explain how we get learners to plan and develop 
their own explanatory visualizations of algorithms. By actively 
developing their own visualizations learners gain a deeper insight of 
the algorithms that they are explaining. These depictions can also 
help other learners understand the algorithm.

Background
While different styles of visualization exist, our approach focuses on explanatory 
techniques.We focus on our third year Computer Graphics & Visualization course for 
Computer Science undergraduate-major students. These students are studying for their 
three-year BSc honors degree in the UK. In Semester 1, learners perform all the research 
and planning stages, and in Semester 2 they start coding, reflect on their code and 
demonstrate their solutions. 
Active learning techniques [1] enable learners to proactively interact with the material 
engaging multi-sensory learning, rather than merely listening passively to the teacher. 
Students can become motivated by the task, if the task is something interesting and they see 
it being worthwhile.
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1 Summary

Marching
squares

is an algorith
m which

uses values

within
a two dimensiona

l scalar
field to generat

e con-

tours.
The contou

rs gene
rated can either f

ollow a single

data level kn
own as isoli

nes or
filled areas b

etween
said

isolines
called isoband

s.

The tw
o dimensiona

l scalar
field describ

es a grid of cells
.

The alg
orithm

conside
rs each

cell ind
epende

ntly which is

assigne
d an index value b

ased on the con
tour lev

el(s) an
d

the values
at each

corner
of the cell. A

predefi
ned look-

up table is then used to define
the geometry of the

cell

in questio
n and linear i

nterpol
ation is used to calcula

te

the positio
n of the contou

r withi
n the cell.

The algorith
m can have ambiguou

s results
as there are

certain
points

that are conside
red saddle

points.
This

happen
s when a binary

index evaluat
es to 5 or 10 as

seen in section
5.2 These

points
don’t d

efinitiv
ely define

whethe
r a point i

s outsid
e or insid

e the thresho
ld. This

can be avoided
by calcula

ting an average
center

point

based
on the origina

l data
and applyin

g the thresho
ld

to that. This p
oint is

then used to flip the index of the

saddle
and assign

the cor
rect ed

ge, if th
e avera

ge valu
e is

below the thresho
ld so 0101 (5) bec

omes 1010
(10) an

d

convers
ely 1010 becomes 0101

.

2 History

2.1 Marchin
g Cubes

Marching
cubes is an algorith

m develop
ed by William

E. Lore
nsen and Harvey

E. Clin
e [1] whi

lst wor
king for

General
Electri

c. The origina
l versio

n of the
algorith

m

introdu
ced ambiguou

s cases
which could lead to meshes

with holes.
Neilson

and Hamman [2] dev
eloped

a solu-

tion for this
in there asymptopic

decider
algorith

m.

2.2 Marchin
g Square

s

Marching
squares

applies
the prin

ciple of
marching

cubes

to 2D space,
and is often

used to define
contou

rs base
d

on a given dataset
.

3 The Algorith
m

1. Apply
a thresho

ld to the field and assign
1 to data

above the isovalu
e and 0 to that be

low it.

2. Split the field into 2 by 2 cells, t
his grid must also

leave a one cell bor
der aro

und the origina
l 2D field.

3. At each
cell wa

lk around
the ind

ices in
an clockw

ise

directio
n and compose a 4bit binary

index which

describ
es the

state of the
contou

r inside
. As this

is

a 4 bit num
ber, th

ere will be
16 possibl

e variatio
ns

(0-15).

4. A pre-bui
lt look-

up table o
f 16 possibl

e edges
is now

used to define
the cell’s c

ontour.

5. Referri
ng back to the origina

l data,
linearly

inter-

polate
betwee

n each point t
o find the exa

ct posit
ion

of the line at the
cell’s e

dge.

3.1 Pseudo
Code

load
datas

e t i n t v a r i a
b l e ds

s e t a th r e sh
o ld va r i a

b l e t

c r e a t e
new va r i a

b l e f o r amended

c r e a t e
va r i a

b l e f o r binary
indec

e s b i

datas
e t dsn

loop
over

data

i f cu r r en
t va lue

i < t

s e t dsn [ i ] to 0

e l s e s e t dsn [ i ] to 1

d i v id e
dsn in to

cubes
in va r i a

b l e c

loop
over

c

cons t
ruc t

binara
y index

from

po in t
s and s t o r e

in b i [ i ]

loop
over

b i

use lookup
tab l e

to a s s i gn
edge

to i

i n t e r p
o l a t e

between o r i g i n
a l

data
in ds and p lace

edge

4 Maths

Consid
er a thresho

ld t, and a vector
p = [p0, . . .

,p3]

represe
nting the points

of a cube.
We wish to assign

a Boolea
n value v ∈ {0, 1} to each point,

and we can

calcula
te v for a value p

λ

with:

f(pλ

) = sgn
(
max {0, p

λ

− t− 1}
)

=

{
1, p

λ

≥ t

0, p
λ

< t

}

1

We then apply ∀e ∈ p : f(e) to reach p′, the binary in-

dex:

p ′
=

[
f(p0), f(p1), . . . , f(p

n

)
]

These values are then ordered properly in a clockwise

direction to give us the binary index i:

i =
[
p ′
3 ,p ′

2 ,p ′
1 ,p ′

0

]We can now use the decimal value of p to look-up the

edge.

Interpolating between 2 points (a, b) to find the actual

position of the line p can be achieved with the following.p = a
y + (b

y − a
y

)

(
1− f(a

x

, a
y

)f(b
x

, b
y

)− f(a
x

, a
y

)

)

5 Diagrams
5.1 Applying Threshold and 4bit Index1
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5.2 Assigning Edges
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6 Application
Marching squares is used to form contours based on the

data in a 2 dimensional scalar field. It can by used in

visualization of cartographical data and volumetric data.

The algorithm can also be used to visualize 2d slices of

3d datasets.
Developers can generate data sets of zeros and ones to

procedurally generate terrains in both 2d and 3d envi-

ronments, marching squares can then be used to develop

the outline within the terrains.
Further fields in which marching squares is used.

• Medicine
• Gaming
• Cartography
• Geology
• Astronomy
• Archaeology

7 Related Algorithms• Marching Cubes• Isoband (Using marching squares to fill as opposed

to draw edges)• Meandering Triangles• Asymptopic decider.
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Methodology
Our formal structure follows six parts. At each stage, work is evaluated formatively, learners 
improve this version and submit for summative assessment. Students are asked to pick an 
algorithm or technique. Plagiarism is avoided as topics are unique for each student.

Discussion and Conclusions
We have made a preliminary evaluation of the process. Students 
completed an anonymous questionnaire of 10 questions. We 
received positive and encouraging feedback.

The summary-document allows the students to explore the 
subjects and allows the teacher to asses current levels of 
understanding.
The FdS method allows for structured creativity and produced 
good results.
The 6-part structure garnered better, average, results and 
implementations than previous years.
By ensuring that topics were unique to each student, we 
observerd no plagiarism amongst submissions

We recommend other educators to use a similar active learning 
strategy and to use explanatory visualization in learning as students 
perform better, and understand the work more deeply.
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Research
Students look at books, papers and 
other resources online to understand 
the algorithm or technique.

Summary-document
Comprising: History, Pseudo code, 
Maths, Diagram, Application, Similar 
techniques, References.

1 2

Design-by-sketching
Students use the Five Design-Sheet 
methodology [2] to sketch different 
visualization concepts.

Storyboard
The learners create a storyboard to 
describe the main key stages of their 
explanatory visualization. 

3 4

Code
Students develop the visualization 
using a prescribed graphics library 
over a 3 month (1 semester) period.

Technical Report
Finally, students write a technical 
report on their work, including a critical 
evaluation of the project.
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