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Hinstructional graphics Hcommunication functions ———’\

___‘ Instructional Graphics

1 \conic expressions of content
designed to promote learning
and improve performance. ),

Clark and Lyons, 2011
\‘—» Communication functions
Instructional graphics have communication

functions focuses on how they convey
information based on visual grammar used.

Decorative
. Mnemonic Explanatory
Representational
Interpretive
Organizational Interpretive graphics enable to build
Relational Transformational knowledge of '

Clark, R. C., & Lyons, C. (2011). Graphics for learning: Proven guidelines for planning, designing, and evaluating visuals in training materials. John Wiley & Sons.



,—. Interpretive Communication Function

Graphics that describe the water cycle, photosynthesis or the
working principle of the bicycle pump etc. can be examples
for interpretive graphics. Such graphics enable to make

concrete the abstract processes and events}

photosynthetic membrane
(thylakoid membrane)

2H++1/202@ i .

Y

DT

AP
synthase

(10D +®
l to Calvin cycle
or dark reaction

electron
carriers

stroma

light

© Merriam-Webster, Inc.

instructional graphics, https://www.britannica.com/science/
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Hinterpretive communication function .

Representative vs. Interpretive Communication Function
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..represents the structure of the nerve cell. ..interprets the synaptic transmission between nerve cells.
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#VisDNA #visual grammar

———‘ VisDNA | The DNA of Visualization: A universal grammar for specifying visualization types

DBXFN of visualization

question answered

28 information that
visual

(ppossible

gs

visual encodings

What does it look like?

[GAB| configuration and

visual appearance

Visualizations and their

visual components can be:
con-structed using . . . [l arranging
var-ied through . . ... [l varying
1in-ked using [ Vinking

Where?

(» How much or how many?)
(> Which order or ranking?)
(» Which group or category?)

BB spatial location

picturing

[ZX] mapping

When?

(P How much or how many?)
(> Which order or ranking?)
(» Which group or category?)

(5132W) 2aneuEnb.

I point in time

along an axis &

B4 sizing o

How much or how many?
(P Which order or ranking?)
(» Which group or category?)
(> What proportion?)

QU quandy

&3 repeating

ordering &

What proportion?
(» How much or how many?)

[BRO| proportion

[ gradient coding

3 proportional par g

Which order or ranking?
(> Which group or category?)
(> Does a given relationship hold?)

[EUpIo.

RB| order

colour coding

LY shape coding

Which group or category?
(> What does it look like?)
(P Does a given relationship hold?)

[euiwou

B caegory

grouping by position 0

X grouping by boundary

Does a given relationship hold?
(between two entities)
(> Which order or ranking?)

REE relationships
between entities

~ being present or not
(see note 1)

coupling by adjacency

EEH nesting

AN\

[Ed connecting

§ Symmetrical relationships (e.g. s a friend of'): encoding possibilities include [EIe] with (S84, BT, or EBEJ

Asymmetrical relationships (€2, s a child of); encoding possibilties include [EIE with XS, or B
S with (%3, BT, or may also be used — if combined with an additional encoding that clarifies directionality.

Figure 1. The 'DNA' building blocks and their possible relationships for visualizing information

@ Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types.

Visual encoding | Description can | dir | Example usage
‘which type of information s shown, and how show| 0
o |Pewrng B des | ca® | no
3 o scanes o ey ek (it o sl Nesrtion
H using methods such as perspective projection.
®ecccscccsescccsccscccscccnne, Mapping TIN5 | shows the two-dimensional layout (typically horizontal) | ZO€ |no | world map,
SR R ation . of physical configurations (existing or imagined), using. street map,
Sctil peanc ko .. methods such as cartographic projection. floor plan
Py Positioning X8 | she or points in time by arrangement. QUA | yes | scatter plot,
. slongan axis | slong an axis with a measurement scale. Tou | |tmeline,
. " — . clock face
visual components . Proportional [ | shows percentages of a total by dividing a given surface | BRO | yes | pie chart,
. partitioning area into proportionally sized partitions. stacked bar.
basic visual components: . .
BT symbols . Ordering G | shows order by arangement into a sequential spatidl | 08B |3 Arrang ing
. b order, or into spatially ordered levels of indenting.
e Sar S— e
. " e
B33 cexcual ¢ s Grouping [EES | shows category membership by spatial proximity or | GAR |, information shown on the card ‘Types of information’
[EX connector lines 2 by podtion | agnment
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3 Nesti 5 | shows th " Jationship by placi e the two-dimensiona layout (typially  workd map,sreet
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.
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DXSF of visualization

What does it look like?

visual appearance

Visual encodings

Visualizations and their

visual components can be:
con-structed using . . . [l arranging
var-ied through . . . . . [l varying

actual specific information

) textual components
connector lines

Visual components

basic visual components:

BT symbols

pictorial components

lin-ked using....... [ linking

Visualizations can be con-structed
using placement in (an/a):
ARY array O
GRI grid
PGR polar grid
ASD array witha shared dimension
0SD overlay with a shared dimension
ARD array of dimensions O
PIL piling
DDL diverging from a datum line O
CFR constrained freedom

239 picturi
Where? G spatial location pesming
(» How much or how many?) N
(> Which order or ranking?) 4 pping
(> Which group or category?)
[¥3] positioning along an axis O
When? BIM point in time
(» How much or how many?)
(> Which order or ranking?) 2] sizing 0
(> Which group or category?) )
ki il 33 repeating
How much or how many? QUA quantity
(P Which order or ranking?) [Jie] ordering O
(» Which group or category?)
jon)
(> What proportion?) Srameit coing
What proportion? BRO| proportion
(» How much or how many?) l=—— | [IX proportional partitioning 0
[99 colour coding
Which order or ranking? ORD order
(> Which group or category?) ELL) shape coding
(» Does a given relationship hold?)
grouping by position 0
Which group or category? AT ca "
(> What does it look like?) e EEH grouping by boundary
(» Does a given relationship hold?)
V] coupling by adjacency
Does a given relationship hold? | REL relationships [ nesting
(between two entities) between entities
(» Which order or ranking?) — being present or not
(see note 1) [&8 connecting

+ Symmetrical relationships (e.g. is a friend of ): encoding possibilities include [S[e] with %4, EXIT, or EBE1.

Asymmetrical relationships (e.g. 'is a child of): encoding possibilities include [E[e] with BIS8, or B
T with (%9, ERTE, or may also be used — if combined with an additional encoding that clarifies directionality.
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Figure 1. The 'DNA' building blocks and their possible relationships for visualizing information
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m Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types. https://visdna.com/



#visual components +

’——. VisDNA | The DNA of Visualization: A universal grammar for specifying visualization types

Visual components

Visual components (symbols, pictorial/textual components,
connecting lines, borders, blocks, etc.) are the elements that
make up graphics.
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basic visual components:

m symbols

jZ8¢] pictorial components

B33 textual components
connector lines

% directed connector lines

EEX] bands

m boundaries

B3] line locators

B surface locators

m disks

E%) blocks

m bars O

EEM range markers O

EX3 partitions

[E%1 ziyphs

ELY] spatial positions

composite visual components:
visualizations

P canbe tag-ged with [

Component

E

Pictorial

Description

Pictorial components show entities or scenes in the physical

components world (existing or imagined), using representational
methods such as perspective.

Textual E;~ « | Textual components are the constituents of natural and

components formal languages, including numbers and mathematical
notation.

Connector [&2%1 | A visual component that connects two other visual

lines components is a connector line, unless the description for
bands applies (see below).
Variation: s %:*bundied connector line (‘edge bundling’).

Directed E If a connector line comes with an indication of directionality

connector lines

then it is a directed connector line (e.g. arrows, lines with
color gradients).
Variation: E*bundled directed connector line.

.. Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types. https://visdna.com/



Hvisual encodings

. VisDNA I The DNA of Visualization: A universal grammar for specifying visualization types

Visual encodings

Visual components are formatted using visual encodings to
create the desired pattern and meaning.

Arranging aims to create a meaningful structure by
combining components with positional encodings such
as ordering, grouping by position, and coupling by
adjacency.

Varying aims to reflect the meaning in the content by
formatting the components with encodings related to
visual qualities such as sizing, color coding, and shape
coding.

Linking aims to associate components with visual
encodings such as connecting or grouping by boundary
using additional visual components (such as connecting
lines or borders).

visual encodings

Visualizations and their

visual components can be:
con-structed using . . . JJJll arranging
var-ied through . . . .. B varying
lin-ked using....... I inking

picturing

Y] mapping

ES3 positioning along an axis O

B1] sizingo

E55 repeating

8 ordering o

[EXY gradient coding

X3 proportional partitioning O

colour coding

EZLY shape coding

B3 grouping by position U

E&ll] grouping by boundary

coupling by adjacency

EEH nesting

Visual encoding Description can | dir! [ Example usage
which type of information is shown, and how show| U
8 Picturing E shows configuration and visual appearance of entities CAP |no | pictorial/technical
8 or scenes in the physical world (existing or imagined), illustration
Vg. using methods such as perspective projection.
™ Mapping  TiX3 | shows the two-dimensional layout (typically horizontal) | TOE | no | world map,
of physical configurations (existing or imagined), using street map,
methods such as cartographic projection. floor plan
Positioning E shows quantities or points in time by arrangement QUA | yes [ scatter plot,
along an axis along an axis with a measurement scale. TIM timeline,
clock face
Proportional 315 | shows percentages of a total by dividing a given surface | BRO | yes | pie chart,
partitioning area into proportionally sized partitions. stacked bar,
treemap
Ordering S | shows order by arrangement into a sequential spatial yes | comic strip, bump
order, or into spatially ordered levels of indenting. chart, ordered list,
indented hierarchy
Grouping E shows category membership by spatial proximity or CAT | yes [ rows and columns
by position alignment. in a table
Coupling m shows the presence of a given relationship between REL | no |icicle diagram,
by adjacency two entities by placing one visual component next to sunburst diagram
another visual component of the same kind.
Nesting  {IZ5 | shows the presence of a given relationship by placing | REL | no | circle packing
one visual component inside another visual component
of the same kind.
s Sizing @ shows quantities or order by varying the surface area QUA | yes | bar chart, word
2 of visual components. ORD cloud, size-ranked
= symbols on a map
Repeating E shows quantities or order by the use of multiples of QUA [no |Isotype chart,
visual components. ORD dot plot,
dot matrix chart
Gradient m shows order by the use of gradated differences in ORD | no | heatmap table,
coding brightness or saturation, transparency, fuzziness, etc. brightness
gradient on a map
Colour m shows category membership by the use of colour. CAT | no | coloured lines on
coding a subway map
Shape EIT) | shows category membership by the use of shape. CAT |no | the outline shapes
coding of signs in a traffic
sign system
5 [ Connecting S | shows the presence of a given relationship between REL [no |flow chart,
= two entities by linking two visual components of the same family tree,
= kind with a ‘configurator component’, e.g. a line or arrow. network graph
Grouping 22y | shows category membership by corraling visual CAT [no (Venn diagram
by boundary components with a ‘configurator component’ such as a
demarecating line, enclosure or shared background.2

& connecting

1 dir O : can/cannot be specified with a direction
2 When the exact locations are meaningful for all the points on a demarcating line, enclosure or shared background, we do
not regard those as grouping by boundary but as line locators or surface locators (e.g. country borders or areas on a map).

Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types.https://visdna.com/
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, . VisDNA I The DNA of Visualization: A universal grammar for specifying visualization types

Visual encodings

Visual components are formatted using visual
encodings to create the desired pattern and meaning.
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Visual encoding Description can | dir!| Example usage
visual mn" which type of information is shown, and how show |

8 Picturing E shows configuration and visual appearance of entities CAP |no | pictorial/technical
Visualizations and their s or scenes in the physical world (existing or imagined), illustration
visual components can be: using methods such as perspective projection.
con-structed using . . - arranging Mapping 45 | shows #\e two-dimer}sional I?yt:mt (:yPically horizornzl) LOC [no |world map,

) X of physical configurations (existing or imagined), using street map,
var-ied thrOUgh eens - varying methods such as cartographic projection. floor plan
1in-ked using. . . - linking Positioning [¥&1 | shows quantities or points in time by arrangement QUA | yes [ scatter plot,

along an axis along an axis with a measurement scale. TIM timeline,
clock face
m picturing Proportional [Zi¥5 | shows percentages of a total by dividing a given surface | BRO |yes | pie chart,
partitioning area into proportionally sized partitions. stacked bar,
treemap
m mapping Ordering % | shows order by arrangement into a sequential spatial ORD | yes | comic strip, bump
y order, or into spatially ordered levels of indenting. chart, ordered list,
indented hierarchy
m positioning along an axis 0 Grouping [543 | shows category membership by spatial proximity or CAT | yes | rows and columns
by position alignment. in a table
sizing
m 2 Coupling E shows the presence of a given relationship between REL | no |icicle diagram,
by adjacency two entities by placing one visual component next to sunburst diagram
m repeating another visual component of the same kind.
Nesting m shows the presence of a given relationship by placing REL | no |(circle packing

m ordering 0

[EXY gradient coding

X3 proportional partitioning O

colour coding

EZLY shape coding

B3 grouping by position U

grouping by boundary

coupling by adjacency

EEH nesting

\EE connecting

/

one visual component inside another visual component
of the same kind.

shows quantities or order by varying the surface area
of visual components.

yes | bar chart, word
cloud, size-ranked
symbols on a map

Sizing

Buikiea

Repeating \:H: shows quantities or order by the use of multiples of
visual components.

no | lsotype chart,
dot plot,
dot matrix chart

B Bl EBR

Gradient =33 | shows order by the use of gradated differences in
coding brightness or saturation, transparency, fuzziness, etc.

no | heatmap table,
brightness
gradient on a map

Colour m shows category membership by the use of colour. CAT [no (coloured lines on
coding a subway map
Shape EIT) | shows category membership by the use of shape. CAT |no | the outline shapes
coding of signs in a traffic
sign system
= | Connecting i | shows the presence of a given relationship between REL [no |flow chart,
S 2 s : . p
two entities by linking two visual components of the same family tree,
kind with a ‘configurator component’, e.g. a line or arrow. network graph
Grouping  22)y | shows category membership by corraling visual CAT [no (Venn diagram

components with a ‘configurator component’ such as a
demarecating line, enclosure or shared background.2

by boundary

1 dir O : can/cannot be specified with a direction
2 When the exact locations are meaningful for all the points on a demarcating line, enclosure or shared background, we do

not regard those as grouping by boundary but as line locators or surface locators (e.g. country borders or areas on a map).

Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types.https://visdna.com/
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Visualizations and their

visual components can be:
con-structed using . . . [JJll arranging
var-ied through . .. .. B varying

\ basic visual components: 1inked using....... I (inking
\ 2. Depolarization of w
A\ "
1. Action potential presyn_aptic terminal neellejf::';smi P 4. Neurotransmitter binds m 5* ]bo-ls picturing
:eachesl presynaptic :ﬁ:xisnsr;:;:ﬂ:els’ from vesicls€ to receptor sites on m pictorial components
erminal. : 1 i -
(Ca2+) into cell. - |_postsynaptic membpgaen LETF textual components R

S ; gembiang / LASRY connector lines

y 22:;?;;?222 directed connectdr lines

? m bands B3 sizingo
5. Opening and closing of m boundaries

action positioning along an axis O

potential .

© neurotransmitter- | channels cause : EE repeating
» i filled vesicle change in postsynastic line locators
. membrane potepfial. surface locators ordering O
i { -
b + action
“ \ A potential m disks gradient coding
' Iy~ blocks
e i 3 proportional partitioning O
B = bars O
. E | cleft 6. Action potential i . m range markers O [ colour coding

7. Neurotransmittér
is inactivated or

. propagates through + b
postsynaptic next cell. i m partitions

membrane shape coding

) ltr:;lnsported btgck GLY glyphs
‘| into presynaptic ‘ o2
terminal. m spatial positions g aa——
presynaptic terminal . . "
. R i peodla Biftanniica, Inc: composite visual components: EXI grouping by boundary

visualizations
coupling by adjacency

I canbe tag-ged with [ nesting

\ [T connecting

@ Richards, C. and Engelhardt, Y. (2021). The DNA of Visualization: A universal grammar for specifying visualization types.https://visdna.com/



