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development and distribution of content for presentation on a 

(21) APP1~ N05 12/159,106 display or a multiplicity of networked displays, the content 
including content elements. The content elements may 

(22) PCT Filed: Dec. 29, 2006 include graphics, text, video clips, still images, audio clips or 
Web pages. The development of the content is facilitated 

(86) PCT NO; PCT/Us06/49662 using a database comprising design rules based on principles 
of cognitive and vision sciences. The database may include 

§ 371 (0X1), design rules based on visual attention, memory, and/or text 
(2), (4) Date; Oct. 17, 2008 recognition, for example. 

Developlng Content for 
Presentation on a Display 

/ 1 2 

Feel litatlng, by way of 
Computer Assistance, the 
Development of the Content 

Applying Design Rules Stored in a Database to 
Facilitate Computer-Assisted Development of 

the Content, the Design Rules Based on 
Principles of Cognitive and Vision Sciences 

[16 
Applying Design Rules Stored in the 

Database to Facilitate Computer-Assisted 
Adjustment of the Content 



Patent Application Publication Jun. 18, 2009 Sheet 1 0f 10 US 2009/0158179 A1 

Developing Content for 
Presentation on a Display 

i r12 
Facilitating, by way of 

Computer Assistance, the 
Development of the Content 

i r14 
Applying Design Ftules Stored in a Database to 
Facilitate Computer-Assisted Development of 

the Content, the Design Rules Based on 
Principles of Cognitive and Vision Sciences 

‘t r16 
Applying Design Rules Stored in the 

Database to Facilitate Computer-Assisted 
Adjustment of the Content 

Figure 1 



Patent Application Publication Jun. 18, 2009 Sheet 2 0f 10 US 2009/0158179 Al 

N 25E 55m 550 ES, E2550 55m 56mm 5? 8525500 255622 6 2555650 E250 55550 2 -52 0525mm 5? E250 5,. wcozmucmEeoomm 258522 28523. E55“; 25523-55 2555.0 25523-55 2255.0 
8k 2 R\ + 8k _ n liL 

_ 0 

33m 550 :ES E2228 9 E250 U6 255522 5 2555550 = @5528 
E\ A, 

50550 52> 25 92500 V6 55551 5 52mm 55m 550 2: @2325 m E @220 55m 5520 @588,‘ 

mm \ » 

>255 m 5 5=25w2n_ 2 E250 @5522 5 @5550 

8k 



Patent Application Publication Jun. 18, 2009 Sheet 3 0f 10 US 2009/0158179 A1 

m 22mm 

Y 2255 525252 22 5 

m 6255.1 mm E250 m5 mEEmwmi 

m mm\ 0 55m 550 m2 52.255650 2mm 59.: 83m 56mm 2: 5? E2550 

5% 55 2555 @5252 2: E 85222 2: 255E552 2 E250 2: @532 

2250 8552 ms 6 $55 2: 2w5EEo8< 2 E250 m2 mc=m=i< 

hm -\ mm \ % 

$5262 3522 555 E00 .52 

E250 2: 5 25:55 A.-. 2555 525252 2: @5339 28 55 am: 968m 5 comm E $552 555528 

8\ $1 

$0560 565 a5 @2550 D6 @2255 5 umwmm 55m 550 9: 2585650 E250 2 $528 w E 5220 923m 56mm @225,‘ 25262 2556 355 40.2 @555 5 x5252 m 5 5225221 50 E250 @5550 

8k 



Patent Application Publication Jun. 18, 2009 Sheet 4 0f 10 US 2009/0158179 A1 

Text Crawl fj 

Video Advertisement 

4_2_ 
Store 
Logo 

E 

Weather/News 
Panel 55“ 

Figure 4A 
/ 40 

Store Logo E 

Weather/ 
News Panel 

Video Advertisement E 

Text Crawl 513 

Figure 4B 



Patent Application Publication Jun. 18, 2009 Sheet 5 0f 10 US 2009/0158179 A1 



Jun. 18, 2009 Sheet 6 0f 10 US 2009/0158179 A1 Patent Application Publication 

Player Control -< 

‘L K125 
1 1 O 

/ Content 

User Interface Storage 

1 30 v 

r /105 
(533997122231: ControPsricessor 
Database 

Figure 7 



Patent Application Publication Jun. 18, 2009 Sheet 7 0f 10 US 2009/0158179 A1 

210 
Create Templates J 

+ 220 
Create Content Elements -/ 

i 230 
Modify/Enhance Content Creation / 

+ 240 
Content Distribution J 

Figure 8 

319 
User Creates Templates —/ 

+ 320 
User Creates Content Elements J 

+ 330 
—> System Creates Content —/ 

+ 340 
System Distributes Content -/ 

+ 350 
Acquire Effectiveness Data P/ 

+ 360 
System Modifies Content -/ 

Figure 9 



Patent Application Publication Jun. 18, 2009 Sheet 8 0f 10 US 2009/0158179 A1 

= H gmm _1 ........................................................ in n n 

_ _ 

_ _ 

_ _ 

u n 

" wQSm 83m 5582mm _ " $3 52% 5.53% Us; 285% 55; m 
_ _ 

n 03 k o? K owqk m 
m m n. ...................................................... -L_ m $853 $225 m>=Emoo m 

omw .M a 

8%85 x6562 E?gm 65950 $620 
I? KN? I“? 

953m 6 {02,62 
f0 3 







US 2009/0158179 A1 

CONTENT DEVELOPMENT AND 
DISTRIBUTION USING COGNITIVE 

SCIENCES DATABASE 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods and sys 
tems for developing content for presentation on a display or a 
multiplicity of netWorked displays. 

BACKGROUND 

[0002] Designers of content often employ computer appli 
cation programs that are capable of importing and arranging 
various types of content. Advertisements, for example, may 
be developed that incorporate text, graphics, video, and audio 
elements, among others. In general, the effectiveness of 
advertising content is a function of a designer’s experience, 
rather than the sophistication of the computer application 
program used to generate the advertising content. 
[0003] A successful content designer generally improves 
his or her skills in a trial and error fashion or by relying on 
tried-and-true approaches. Imparting an accomplished 
designer’s skills to a less experienced designer is often di?i 
cult if not impossible, as such skills tend to be highly stylistic 
and personal to the particular designer. Because the compe 
tency of designers varies signi?cantly, so does the quality and 
effectiveness of the content that they produce. Conventional 
computer application programs for generating content gener 
ally do not provide the designer With tools that alloW the 
designer to exceed his or her oWn skills for developing effec 
tive content. 

SUMMARY OF THE INVENTION 

[0004] The present invention is directed to systems and 
methods for developing and distributing content through use 
of computer assistance. Embodiments of the present inven 
tion are directed to a computer-assisted method for develop 
ing content for presentation on a display, the content com 
prising content elements. The content elements may include 
graphics, text, video clips, still images, audio clips or Web 
pages. The method further involves facilitating, by Way of 
computer assistance, the development of the content using a 
database comprising design rules or models based on prin 
ciples of cognitive and vision sciences. The database may 
include design rules or models based on visual attention, 
memory, and/ or text readability, for example. 
[0005] Facilitating the development of the content may 
involve developing the content in compliance With design 
rules or models, and may involve alerting a user in response to 
violation of one or more of the design rules or models. Facili 
tating content development may involve generating user per 
ceivable recommendations for developing the content, Where 
the recommendations are consistent With design rules or 
models. Facilitating content development may involve auto 
matically adjusting the content via computer-assistance in 
response to violation of one or more of the design rules or 
models. 
[0006] Facilitating the development of the content may 
involve facilitating selection and/or layout of the content ele 
ments or selection of one or more attributes of the content 

elements in compliance With the design rules or models. The 
attributes of the content elements may include one or more of 

color, brightness, siZe, font, orientation, movement, presen 
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tation duration or ?ash rate, display location, and number of 
content elements concurrently presented on the display, 
among others. 
[0007] Facilitating the development of the content may 
involve facilitating selection of content element attributes 
based on one or more attributes of the display. The display 
attributes may include one or more of display type, display 
siZe, display shape, average vieWing distance from the dis 
play, average speed of vieWer movement relative to the dis 
play, vieWer dWelling time, ambient lighting at a location of 
the display, and time of day of content presentation on the 
display, among others. 
[0008] According to some implementations, user input data 
is received regarding each content element, the user input data 
including information concerning one or both of content goal 
and intended message. In such implementations, facilitating 
the development of the content may involve facilitating devel 
opment of the content using the design rules or models and the 
user input data. 
[0009] The content may be developed for presentation on a 
multiplicity of netWorked displays, and may involve selection 
of content element attributes based on one or more attributes 

of each of the displays. According to some implementations, 
user input data regarding each content element is received, the 
information comprising one or both of content goal and 
intended message. Attributes of the netWorked displays are 
identi?ed that have implications for content development. 
Content development is facilitated using the design rules or 
models, user input data, and display attributes. 
[0010] Methods of the present invention may further 
involve facilitating, by Way of computer assistance, modi? 
cation of the developed content in compliance With the design 
rules or models. The developed content may be modi?ed in 
response to a change in one or more attributes of one or more 

displays of a display netWork, such as display type, display 
siZe, display shape, expected vieWing distance from the dis 
play, ambient lighting at a location of the display, and time of 
day of content presentation on the display, for example. 
[0011] According to other embodiments, systems of the 
present invention may include a database comprising design 
rules or models based on principles of cognitive and vision 
sciences, a user interface comprising a display, and a proces 
sor coupled to the database and user interface. The processor 
is con?gured to facilitate development of content for presen 
tation on the display in compliance With the design rules or 
models. The processor may be con?gured to implement one 
or more of the methods described hereinabove. 

[0012] Embodiments of the present invention are further 
directed to systems and methods that provide for computer 
assisted analysis of content by one or more cognitive and 
vision sciences (CVS) models. Content is provided or devel 
oped by a content designer. The content is input to a computer 
that implements one or more CVS models, such as a compu 
tational model of visual attention, a text readability model or 
a model of human memory. The CVS model or models per 
form an analysis on the content and produce an output based 
on the analysis results. Information representative of environ 
mental conditions at the presentation locations and/or goals 
for the content may be inputs to the model(s). For example, 
the type of displays and average distance betWeen displays 
and vieWers may be environmental condition information that 
is input to the model(s). 
[0013] Goal information that may be input to the model(s) 
may include goals that are associated With each of the various 
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models, such as computational model of visual attention, a 
text readability model or a model of human memory. Typical 
goal information may include speci?c elements of the content 
to be perceived by viewers and the desired order in which 
such speci?c elements are perceived. Other goal information 
may include improving or optimiZing text readability based 
on text siZe and/ or scrolling text rate relative to viewer loca 
tion and/or speed at which viewers pass by a given display. 
Additional goal information may include maximiZing 
memory retention and recall of content by viewers, such as by 
conforming to memory capacity and duration rules of a given 
model. 
[0014] In some implementations, the output represents rec 
ommendations for changing the content in conformance with 
a given model’s rules or goals. The recommendations may 
take several forms, such as a narrative form or images. For 
example, a menu of possible attributes of the content that may 
be changed can be presented to the user. The menu of 
attributes may include a range of attribute values that may be 
changed by the user, yet still conform with a given model’s 
rules or goals. In other implementations, the output represents 
a modi?ed form of the original content produced automati 
cally by the computer implemented CVS model or models. A 
number of variations of modi?ed content may be automati 
cally produced, each of which satis?es the rules or goals of the 
model or models. The user may then select a desired version 
of the modi?ed content for presentation. Alternatively, the 
computer may select one or more of the versions for presen 
tation. In other implementations, the various versions of 
modi?ed content may be subject to a designed experimental 
process that improves or optimiZes content presentation 
effectiveness for a number of networked displays, preferably 
on a display-by-display basis. 
[0015] According to other embodiments, content may be 
developed and distributed in conformance with cognitive and 
vision sciences rules or models. A true experiment may be 
performed to improve or optimiZe presentation effectiveness 
of the content. A quasi-experiment or correlational experi 
ment may also be performed to improve or optimiZe presen 
tation effectiveness of the content. Conducting the true 
experiment may include identifying dependent variables, 
such as a goal of increasing sales of a particular product. 
Independent variables may be identi?ed, such as parameters 
associated with one or more CVS models (e. g., text readabil 
ity, visual attention and/ or memory parameters). Content may 
be modi?ed in view of the results from the true experiment or 
quasi-/correlational experiment. For example, content may 
be modi?ed on a display-by-display basis, based on improved 
or optimiZed parameters for each display. The modi?ed con 
tent may be presented on each of the displays. Additional true 
or quasi-/correlational experimentation may be conducted to 
further improve or optimiZe content presentation, particularly 
under changing environmental conditions or a change in the 
goals or intended message of the content. 
[0016] The above summary of the present invention is not 
intended to describe each embodiment or every implementa 
tion of the present invention. Advantages and attainments, 
together with a more complete understanding of the inven 
tion, will become apparent and appreciated by referring to the 
following detailed description and claims taken in conjunc 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 illustrates various processes associated with 
the development of content in accordance with embodiments 
of the present invention; 
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[0018] FIG. 2 illustrates various processes associated with 
the development of content in accordance with other embodi 
ments of the present invention; 
[0019] FIG. 3 illustrates various processes associated with 
the development of content in accordance with further 
embodiments of the present invention; 
[0020] FIG. 4A depicts an initial attempt by a designer to 
create a presentation for display that includes a number of 
different content elements; 
[0021] FIG. 4B illustrates how the developed content 
shown in FIG. 4A is more appropriately arranged in a manner 
consistent with design rules or models that are based on 
principles of cognitive and vision sciences in accordance with 
embodiments of the present invention; 
[0022] FIG. 5 is a block diagram of a system for implement 
ing computer-assisted development of content using prin 
ciples of cognitive and vision sciences in accordance with 
embodiments of the present invention; 
[0023] FIG. 6 is a block diagram ofa system for implement 
ing computer-assisted development and/ or distribution of 
content in a manner consistent with principles of cognitive 
and vision sciences in accordance with embodiments of the 
present invention; 
[0024] FIG. 7 is a block diagram of a digital signage system 
that incorporates the capability for developing and distribut 
ing content in accordance with embodiments of the invention; 
[0025] FIG. 8 illustrates the process ?ow of creating and 
deploying content using the components and functionality of 
the digital signage system shown in FIG. 7; 
[0026] FIG. 9 is a ?owchart illustrating an exemplary 
implementation of a digital signage system in accordance 
with embodiments of the present invention; 
[0027] FIG. 10 is a block diagram of a system for develop 
ing and/or distributing content using cognitive/vision science 
driven software in accordance with embodiments of the 
present invention; 
[0028] FIG. 11 is a ?owchart illustrating various processes 
associated with content development and modi?cation using 
one or more cognitive/vision sciences models in accordance 
with the present invention; and 
[0029] FIG. 12 is a ?owchart illustrating various processes 
associated with content development and modi?cation of 
same using one or more cognitive/vision sciences models and 
results from true experimentation preferably implemented by 
a digital signage system in accordance with the present inven 
tion. 
[0030] While the invention is amenable to various modi? 
cations and alternative forms, speci?cs thereof have been 
shown by way of example in the drawings and will be 
described in detail. It is to be understood, however, that the 
intention is not to limit the invention to the particular embodi 
ments described. On the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling within the 
scope of the invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

[0031] In the following description of the illustrated 
embodiments, reference is made to the accompanying draw 
ings that form a part hereof, and in which is shown by way of 
illustration, various embodiments in which the invention may 
be practiced. It is to be understood that the embodiments may 
be utiliZed and structural changes may be made without 
departing from the scope of the present invention. 
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[0032] The present invention is directed to methods and 
systems for creating content for presentation on a display or a 
multiplicity of networked displays, and facilitating, by way of 
computer assistance, content creation in a manner consistent 
with principles based on human cognitive science and vision 
science. Methods and systems of the present invention are 
also directed to distributing and adjusting content for presen 
tation on a display or a multiplicity of networked displays in 
a manner consistent with principles based on human cogni 
tive science and vision science. Developing and adjusting 
content may also involve performing true experiments or 
quasi-/correlational experiments to improve or optimiZe con 
tent presentation effectiveness. Creating, distributing, and 
adjusting content in accordance with the present invention 
advantageously enhances the effectiveness of content presen 
tation as perceived by a recipient, such as potential purchaser 
of goods or services. 

[0033] Content creation is preferably conducted in a man 
ner consistent with principles based on one or more of how 

human perceptual systems process information, mechanisms 
that underlie attention, how the human brain stores and rep 
resents information in memory, and the cognitive basis of 
language and problem solving, for example. A knowledge 
base that stores cognitive and vision science information is 
preferably utiliZed during the content design, distribution, 
and/ or adjustment processes in order to provide content that is 
easily processed by human perceptual systems, easily com 
prehended, and easily stored in memory. The knowledge base 
may include design rules and templates that may be imple 
mented by a computer to develop and modify content in 
conformance with principles of cognitive and vision sciences. 
The knowledge base may also include computer implement 
able models of principles of cognitive and vision sciences, 
such as models of visual attention, text readability, and 
memory principles. Computer assisted methods and systems 
of the present invention allow content designers, who typi 
cally do not have the training required to apply principles 
from cognitive science and vision science, to increase the 
effectiveness of content design and distribution. 

[0034] In some embodiments, computer assisted methods 
and systems of the present invention may be implemented to 
operate in a semi-automatic mode, wherein a user is led by the 
computer through one or more interactive sessions to design, 
develop, distribute, and/or adjust content. In other embodi 
ments, computer assisted methods and systems of the present 
invention may be implemented in a more fully automatic 
manner, with minimal or no user input or interaction. In a 
fully automatic mode, for example, a computer-based system 
may create a presentation based on user selected pieces of 
content in a manner consistent with design rules or models 
stored in a cognitive sciences database. User selected pieces 
of content may be arranged, siZed, and/ or oriented on a user’s 
display based on the design rules or models, and further in 
view of the goal and/or intended message of the content 
pieces as indicated by the user. A fully automated implemen 
tation may involve the computer-based system adjusting con 
tent elements of a given presentation based on one or more of 
the design rules or models, goal of the content pieces, and 
intended message of the contend pieces. These are but a few 
illustrative examples of possible levels of automaticity that 
can be achieved in accordance with the present invention, and 
are not to be regarded as exhaustive or limiting. 

[0035] Aspects of the present invention will generally be 
discussed herein in the context of a digital signage system 
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(DSS) or network. A DSS as contemplated in the particular 
embodiments described herein includes a series of intercon 
nected (e.g., networked) display screens that are similar to 
traditional signs, but that can be controlled from a remote 
location to deliver dynamically changing content. Such dis 
plays or digital signs may be con?gured such that people can 
directly interact with signage content via touch screens or 
human interface devices (e.g., keyboard or mouse). It is to be 
understood that principles of the present invention may be 
applied in a wide variety of applications, and are not limited 
to those involving a DSS. Moreover, it is to be understood that 
implementations of the present invention may vary substan 
tially in terms of complexity, in that some implementation 
may utiliZe relatively simple principles of cognitive science 
and/or vision science (e.g., human visual perception), while 
others may be of substantial complexity, drawing from mul 
tiple disciplines of the cognitive and vision sciences (e.g., 
human visual attention, memory, and text readability). 
[0036] Display technology is becoming increasingly 
diverse such that there are signi?cant differences in the types 
of displays that can be used to present content via a DSS. For 
example, the siZe, shape, brightness, and viewing conditions 
will, in general, vary greatly across a DSS. For example, some 
displays may be small, ?exible and non-rectilinear, whereas 
others may be standard large-format LCD and plasma dis 
plays. This variation in display types and viewing conditions 
means that any single version of a piece of content will not be 
optimal for all the displays across a DSS. 

[0037] In order to overcome this problem using a conven 
tional approach, it would be necessary to generate unique 
versions of each piece of content for each unique display type 
and viewing environment, and to selectively distribute these 
unique versions of content to their corresponding displays in 
the network. However, it is not realistic to expect content 
designers to have such detailed knowledge of the display 
types and viewing conditions across a large network of dis 
plays. Furthermore, even if content designers had such 
detailed knowledge, it would be prohibitively time-consum 
ing to manually create unique versions of content for each 
display and to manually schedule the content to play on each 
corresponding display at the appropriate time. Methods and 
systems of the present invention advantageously allow con 
tent designers without advanced training in the visual and 
cognitive sciences to apply principles from these disciplines 
during the content creation process and during content adjust 
ment, such as during content distribution to a network of 
disparate displays, in order to improve content effectiveness. 
[0038] According to embodiments of the present invention, 
the user may be prompted during the content creation process 
to input one or both of the goal and intended message for each 
piece of content to be presented. According to various 
embodiments, the system may assist the user in identifying 
key attributes of the DSS that have implications for content 
design. The system may further guide the user through the 
process of applying the cognitive and vision sciences to 
design content based on the goals and key DSS attributes. For 
example, the system may help users choose templates (e.g., 
best layout) and elements (e.g., whether elements should be 
graphical, text, involve movement, color, siZe, etc.) to display 
on the DSS displays. 

[0039] According to other embodiments, systems and 
methods of the present invention may implement software 
that automatically generates new templates and applies trans 
formations to existing content elements. New templates and 
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content elements may be generated for various reasons, such 
as to improve the content effectiveness. Tools are preferably 
made available to the user that facilitate generation of unique 
versions of pieces of content for each display of the DSS. For 
example, softWare tools may be implemented that elicit input 
from a user and/or other softWare components regarding DSS 
attributes and other factors that underlie content effective 
ness, and apply information from the cognitive and visions 
sciences (e.g., design rules or models accessed from a data 
base) to extrapolate, ?ll in, and otherWise explore the infor 
mation space for the particular pieces of content the system 
aims to improve or optimiZe. Systems and methods of the 
present invention provide a facility to generate completely 
neW content that is not simply a recon?guration of deployed 
templates or elements associated With deployed versions of 
content. That is, the systems and methods of the present 
invention need not rely solely on the hybridization/blending 
of deployed templates and elements that data suggest are 
effective, although such systems and methods are capable of 
hybridization/blending. 
[0040] Turning noW to FIG. 1, there is illustrated various 
processes associated With the development of content in 
accordance With embodiments of the present invention. The 
term content is a broad term that refers to a Wide variety of 
informational content, including graphics, text, video clips, 
still images, audio clips, Web pages, and/or any combination 
of video and/or audio content, for example. A piece of content 
refers to a speci?c set and con?guration of images, videos, 
text elements, etc., that is meant to stand on its oWn to com 
municate a speci?c message or set of messages (e.g., a tele 
vision commercial). The term content element refers to indi 
vidual images, videos, text strings, etc., that can be combined 
to make speci?c pieces of content. 
[0041] Each piece of content can have many versions. For 
example, tWo versions of the same piece of content could 
differ in that one version uses text to represent a concept 
Whereas another version of that same piece of content might 
use an icon to represent the same concept. There can also be 
many versions of each content element. For example, one 
version of a text string could have l2-point font Whereas the 
same text string could have 24-point font. 
[0042] According to the embodiment of FIG. 1, content is 
developed 10 for presentation on a display. The development 
of the content, Which includes content elements, is facilitated 
12, by Way of computer assistance. Speci?cally, design rules 
or models stored in a database are applied to 14 to facilitate 
computer-assisted development of the content. The design 
rules or models are preferably rules or guidelines that are 
based on principles of cognitive and vision sciences. The 
design rules/models alloW a designer Who has limited or no 
knowledge of principles of cognitive and vision sciences to 
create effective content that is consistent With such principles. 
The design rules/ models stored in the database may be used to 
facilitate 16 computer-assisted adjustment of the content. The 
processes of generating content and revising content in a 
manner consistent With principles of cognitive and vision 
sciences are advantageously facilitated by computer assis 
tance to enhance content effectiveness. 

[0043] FIG. 2 illustrates various processes associated With 
the development of content in accordance With other embodi 
ments of the present invention. According to the embodiment 
of FIG. 2, content is developed or adjusted 20 for presentation 
on a display. Design rules or models stored in a database are 
accessed 22 during content development or adjustment. The 
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design rules are rules or guidelines that are based on prin 
ciples of cognitive and vision sciences, as previously dis 
cussed. The models stored in the database are typically based 
on a combination of rules that are associated With a multiplic 
ity of cognitive and vision sciences principles. A computa 
tional model of visual attention, for example, represents one 
such model that encompasses several principles of cognitive 
and vision sciences. One particular computation model of 
visual attention may be referred to as a saliency mapping 
model as is knoWn in the art. Useful examples of saliency 
mapping models are disclosed in US. Patent Publication No. 
2006/0215922 and in US. Pat. No. 7,130,461, each ofWhich 
is incorporated herein by reference. It is understood that a 
Wide range of cognitive and vision science models may be 
used in the context of the present invention, and are not 
limited to models of human visual attention as speci?cally 
discussed above. Such other models may include those that 
encompass human memory principles, for example. 
[0044] A computer system, Which accesses the database 
that stores the design rules or models, determines 24 if devel 
opment or adjustment of the content is consistent With the 
design rules/models. Various operations may be performed in 
response to determining that the design rules have been vio 
lated. For example, a user-perceivable recommendation may 
be generated 26 to suggest changes the user can make during 
content development or adjustment to satisfy to the design 
rules or models. A user-perceivable alert may be generated 27 
that indicates non-compliance With the design rules or mod 
els. Automatic adjustment to the developed content may be 
performed 28 to ensure that the content is consistent With the 
design rules or models. FIG. 2 illustrates several of many 
other possible events that can be triggered during develop 
ment or adjustment of content if an inconsistency With the 
design rules/models has been detected. Compliance With the 
design rules/models can be made mandatory or permissive 
depending on the application and sophistication of the user. 
[0045] FIG. 3 illustrates various processes associated With 
the development of content in accordance With further 
embodiments of the present invention. According to the 
embodiment of FIG. 3, content is developed 30 for presenta 
tion on a multiplicity of displays, such as a netWork of DSS 
displays. The multiplicity of displays are preferably those 
associated With a DSS, but may be displays associated With 
any netWork of displays, such as home computer displays 
coupled to the intemet Design rules or models stored in a 
database are applied 32 during content development, the 
design rules/models based on principles of cognitive and 
vision sciences, as previously discussed. 
[0046] Attributes of each display of the display netWork are 
determined 34. Such attributes typically include display type, 
siZe, shape, environment, ambient lighting, vieWing distance, 
vieWer passing speed, among others. These attributes are 
preferably determined in an automated manner, such as by 
reading attribute data stored in the display (e.g., determined 
and stored during display installation) or from a database that 
contains attribute information for each display. These 
attributes may also be determined using one or more sensors 
located at the vieWing locations. A video camera, for 
example, may be installed at vieWing locations to facilitate 
detection of changing environmental conditions, such as day/ 
night changes, density of vieWers, and distance betWeen the 
vieWers and the display. Proximity sensors, such as infrared 
(IR) sensors, may be used at vieWer locations to determine the 
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average number of vieWers per unit time and/ or average dis 
tance between the vieWers and the display. 
[0047] According to one approach, the content is adjusted 
3 6 to accommodate the attributes of the netWorked displays in 
conformance With the design rules/models. For example, the 
attributes of a 8" display differ signi?cantly from those of a 
large panel display (e.g., 50" LCD display). The content of a 
given presentation is preferably adjusted so that the content 
elements are presented 38 on each of the disparate displays in 
conformance With the design rules/models. 
[0048] According to a further approach, as is also shoWn in 
FIG. 3, user input data is received 35 regarding elements of 
the content. The user input data preferably includes the goal 
and/or the intended message of each content element. The 
content is adjusted 37 to accommodate the attributes of the 
netWorked displays and the user input data in a manner con 
sistent With the design rules/models. The adjusted content is 
presented 38 in an appropriate manner on each of the net 
Worked displays 38. 
[0049] FIGS. 4A and 4B illustrate hoW content develop 
ment for presentation on a display 40 may be conducted in a 
manner consistent With design rules developed from prin 
ciples of cognitive and vision sciences. FIG. 4A depicts an 
initial attempt by the designer to create a presentation for 
display that includes a number of different content elements. 
In this illustrative example, the designer has selected the 
folloWing content elements for presentation on display 40: a 
text craWl 44, a video advertisement 42, a store logo 46, and 
a Weather/news panel 48. Assuming that the designer is not 
Well acquainted With principles of cognitive and vision sci 
ences, the layout of these content elements 42, 44, 46, and 48 
as shoWn in FIG. 4A represents What the designer believes to 
be an effective piece of content. 

[0050] FIG. 4B illustrates hoW the developed content 
shoWn in FIG. 4A is more appropriately arranged in a manner 
consistent With design rules or models developed from prin 
ciples of cognitive and vision sciences. The locations and siZe 
of the content elements 42, 44, 46, and 48 shoWn in FIG. 4B 
have been changed in accordance With design rules/models 
developed from principles of cognitive and vision sciences. 
Aspects of the content elements other than, or in addition to, 
location and siZe relative to the display 40 may be modi?ed as 
Well, such as font of text, text orientation, foreground and 
background colors, color intensity, proportion of the content 
elements relative to one another, relative brightness, among 
others. Adjustment of the content elements may be imple 
mented in a semi-automatic or fully automatic manner via 
computer assistance. 
[0051] FIG. 5 is a block diagram ofa system for implement 
ing computer-assisted development of content using prin 
ciples of cognitive and vision sciences in accordance With 
embodiments of the present invention. The system shoWn in 
FIG. 5 includes a processor 52 coupled to a user interface 54 
and a display 56. The user interface 54 preferably includes 
one or more user input devices, such as a keyboard, mouse, 
voice recognition facility, and the like. A presentation 58 of 
content developed in accordance With the present invention is 
typically presented on the display 56. Content of the presen 
tation 58 is preferably created and revised in accordance With 
design rules or models stored in a cognitive sciences database 
50. Various templates (e.g., layouts) that are consistent With 
the design rules/models may also be stored in the cognitive 
sciences database 50. It is understood that the cognitive sci 
ences database 50 typically stores information, such as design 
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rules, templates, and models, that is associated With both 
cognitive science and vision science, and that the use of the 
term cognitive sciences database is not exclusive to cognitive 
science only. 
[0052] FIG. 6 is a block diagram of a system for implement 
ing computer-assisted development and/or distribution of 
content in a manner consistent With principles of cognitive 
and vision sciences in accordance With embodiments of the 
present invention. The system shoWn in FIG. 6 includes a 
processor 62 coupled to a user interface 64, a display 66, a 
cognitive sciences database 50, and a netWork interface 70. 
The netWork interface 70 facilitates communication betWeen 
the processor 62 and a multiplicity of displays 80A-80N of a 
DSS. The processor 62 applies design rules accessed from the 
cognitive sciences database 50 to format content in a manner 
tailored for each of the displays 80A-80N, at least some of 
Which have differing attributes. The effectiveness of the pre 
sentations 82A-82N distributed to the various displays 80A 
80N is enhanced by adjustments made to the content by 
application of the design rules, models, and templates stored 
in the cognitive sciences database 50, in vieW of attributes of 
the DSS. The effectiveness of the presentations 82A-82N 
distributed to the various displays 80A-80N may be further 
enhanced by modi?cation of the content elements in vieW of 
user-indicated goals and intended message. 
[0053] FIG. 7 is a block diagram ofa DSS that incorporates 
the capability for developing and distributing content in 
accordance With embodiments of the invention. The block, 
diagram of FIG. 7 illustrates one con?guration of a DSS 
divided into functional blocks. Those skilled in the art Will 
appreciate that the DSS may be alternatively illustrated using 
different function blocks and that various components of the 
DSS may be implemented as hardWare, softWare, ?rmWare, 
or any combination of hardWare, softWare and ?rmWare. 
[0054] The DSS illustrated in FIG. 7 is a computeriZed 
system con?gured to present informational content via audio, 
visual, and/or other media formats. The DSS may include 
functionality to automatically or semi-automatically generate 
playlists, Which provide a list of the information content to be 
presented, and schedules, Which de?ne an order for the pre 
sentation of the content. In a semi-automatic mode, a user 
may access a DSS control processor 105 via an interactive 
user interface 110. Assisted by the DSS control processor 
105, the user may develop content by identifying content 
elements to be presented, preferably in accordance With 
design rules stored in a cognitive sciences database 130. The 
DSS control processor 105 may then be used to generate 
playlists and schedules that control the timing and order of 
presentations on one or more DSS players 115. Each player 
115 presents content to recipients according to a playlist and 
schedule developed for the player 115. As discussed previ 
ously, the informational content may comprise graphics, text, 
video clips, still images, audio clips, Web pages, and/or any 
combination of video and/ or audio content, for example. 
[0055] In some implementations, after a playlist and sched 
ule are developed, the DSS control processor 105 determines 
the content required for the playlist, doWnloads the content 
from a content server, and transfers the content along With the 
playlist and schedule to a player controller 120 that distributes 
content to the players 115. Although FIG. 7 shoWs only one 
player controller 120, multiple player controllers may be 
coupled to a single DSS control processor 105. Each player 
controller 120 may control a single player 115 or multiple 
players 115. The content and/or the playlists and schedules 
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may be transferred from the DSS control processor 105 to the 
one or more player controllers 120 in a compressed format 
With appropriate addressing providing information identify 
ing the player 115 for Which the content/playlist/ schedule is 
intended. In some applications, the players 115 may be dis 
tributed in stores and the content presented on the players 115 
may be advertisements. 

[0056] In other implementations, the DSS control proces 
sor 105 may transfer only the playlists and schedules to the 
player controller 120. If the content is not resident on the 
player controller 120, the player controller 120 may access 
content storage 125 to acquire the content to be presented. In 
some scenarios, one or more of the various components of the 
DSS system, including the content storage 125, may be acces 
sible via a netWork connection, such as an intranet or Internet 
connection. The player controller 120 may assemble the 
desired content, or otherWise facilitate display of the desired 
content on the players according to the playlist and schedule. 
The playlists, schedules, and/ or content presented on the 
players 115 can be modi?ed periodically or as desired by the 
user through the player controller 120, or through the DSS 
control processor 105, for example. Such modi?cations can 
be made in accordance With design rules, models or templates 
stored in the cognitive sciences database 130. 
[0057] In some implementations, the DSS control proces 
sor 105 facilitates the development and/or formatting of a 
program of content to be played on a player. For example, the 
DSS control processor 105 may facilitate formatting of an 
audiovisual program through the use of a template. The tem 
plate includes formatting constraints and/or rules that are 
applied in the development of an audiovisual program to be 
presented. For example, the template may include rules asso 
ciated With the portions of the screen used for certain types of 
content, What type of content can be played in each segment, 
and in What sequence, font siZe, orientation, and/ or other 
constraints or rules applicable to the display of the program. 
A separate set of rules and/or constraints may be desirable for 
each display con?guration. These rules, templates, and con 
straints (e.g., design rules/models/templates) are preferably 
stored and accessed from the cognitive sciences database 130. 
In some embodiments, formatting a program for different 
displays may be performed automatically by the DSS control 
processor 105 in accordance With the design rules. models, 
and templates. 
[0058] The information stored in the cognitive sciences 
database 130 may be used automatically or semi-automati 
cally to control, adjust, and/or monitor one or more processes 
of the DSS including creation of templates, content design, 
selection of content, distribution of content, assembly of pro 
grams, and/or formatting of programs for display. The cog 
nitive sciences database 130 used in conjunction With the 
programming of the DSS yields advertisements or other digi 
tal signage programs that are enhanced by the teachings of 
cognitive science, While relieving the system user from need 
ing speci?c training in the ?eld. 
[0059] In development of a digital signage program, e. g., ad 
campaign or the like, the DSS control processor 105 may 
guide a user through various processes that are enhanced 
using knoWledge acquired through the cognitive sciences. For 
example, information stored in the cognitive sciences data 
base 130 may be applied to the choice of templates to produce 
an optimal program layout and/or to the selection of content, 
such as Whether content elements should be graphical, text, 
involve movement, color, siZe, and/ or to the implementation 
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of other aspects of program development. The DSS prefer 
ably includes the capability for designing alternative versions 
of a digital signage program to accommodate diverse display 
types and vieWing conditions in a manner consistent With the 
information stored in the cognitive sciences database 130. 
[0060] FIG. 8 illustrates the process How of creating and 
deploying content using the components and functionality of 
the DSS described above. The process guides the user through 
a series of tools and scripts, and creates 210 a number of 
alternative templates that specify hoW categories of content 
elements might appear on the screen (e. g., the location, siZe, 
and orientation of elements such as text, graphics and video s). 
The tools and scripts suggest recommended templates by 
draWing on three sets of information: a) principles from the 
cognitive and vision sciences regarding effective display of 
information, b) the goals for the content (e.g., Way-?nding, 
advertising), and c) the knoWn attributes of the digital signage 
netWork (e. g., siZe and shape of the different displays, differ 
ent vieWing distances, and vieWer demographics across the 
network). 
[0061] For example, the tools and scripts might help a user 
determine Whether an element should be represented graphi 
cally or via text. The tools and scripts might also help a user 
determine Which of a large number of pre-de?ned templates 
are appropriate given the vieWing conditions across the net 
Work, goals for the content, and if available, metrics regarding 
the types of templates that have been effective from previous 
campaigns. The tools and scripts might further help a user 
determine Whether target and distractor elements of the con 
tent are properly positioned, dimensioned or otherWise pre 
sented (e. g., proper color, intensity, etc.), and Whether the 
desired order of target attention/recognition by the vieWer is 
achievable given the state of the content. 
[0062] The process Walks the user through a series of tools 
and scripts to generate 220 the particular content elements 
that Will later be placed Within the templates created at block 
210. The individual content elements can include speci?c text 
messages, static images, animations, movie clips, sound 
bites, etc. Each element could have many variants, and soft 
Ware helps the user determine Which elements of content can 
be combined Within a template, the rules for hoW those ele 
ments can be combined, and the parameters on Which the 
content elements can be manipulated during the content cre 
ation process. For example, it may be legal to change the color 
or color intensity of a font during deployment, but not the 
color of the face of a famous person used in the template. 
[0063] The softWare tools and scripts may facilitate content 
generation by draWing on multiple sets of information, 
including: a) data regarding the types of content elements that 
Were effective in previous campaigns, b) principles from the 
cognitive and vision sciences, and c) the knoWn attributes of 
the digital signage netWork. After the content is created, in 
this example, user interaction is no longer necessary. 
[0064] Content creation is enhanced at block 230. The pro 
cess may involve various constraints to combine elements and 
templates to create a number of versions of content. The ?rst 
time through this process, the constraints may be based on: a) 
the factors previously used in creation of templates and con 
tent elements above, b) pre-programmed guidelines for hoW 
to combine elements and templates, and c) goals for the piece 
of content being deployed. On subsequent passes through this 
block, the process may also use effectiveness data (e.g., sales 
or inventory data, data resulting from performing true or 
quasi-/correlational experimentation) to alter existing con 



US 2009/0158179 A1 

tent/templates or create novel templates (through interpola 
tion) and elements before creating new versions of content. 
Because each display in a network may have different 
attributes (e.g., different lighting levels, noise levels, shape, 
siZe, and mean viewing distances), a unique version of con 
tent may be created for each display in the network. The 
content is distributed 240 across the digital signage network, 
with adjustments made thereto in view of the DSS/display 
attributes. 
[0065] FIG. 9 is a ?owchart illustrating an exemplary 
implementation of the DSS system in accordance with an 
embodiment of the invention. The implementation involves a 
sporting goods retailer with 200 stores. The retailer desires to 
advertise four overstocked products and four products that are 
not overstocked but that have higher pro?t margins than the 
overstocked products. The goal of the campaign is to maxi 
miZe gross pro?t while eliminating excessive inventory of the 
overstocked items. That is, once the excessive inventory is 
eliminated, the goal will simply reduce to maintaining a bal 
anced inventory at each store location. 
[0066] Using cognitive/vision science driven software, the 
signage manager of the retailer creates 310 a number of 
different templates that will be used to develop content for 
each of the eight product lines. These templates include lay 
out of messages, color schemes, and/or other variables that 
make up the program. These templates can be used for each of 
the eight product lines, and are not speci?c to a single product. 
Additionally, pre-existing or stock templates are available for 
use during this phase. 
[0067] After creating the base templates for this campaign, 
the signage manager creates 320 individual content elements 
that are needed to populate the templates. The individual 
elements are speci?c to the product lines being promoted, and 
include product branding and messages for given products. 
As in the template creation process, creation of individual 
elements is guided by software wiZards using cognitive/vi 
sion science driven software. 
[0068] The templates are automatically populated 330 with 
the individual content elements to generate a number of dif 
ferent content packages for each of the eight products that the 
signage network is promoting. Potentially hundreds of differ 
ing versions of each content piece are created for each product 
line by merging elements with templates to accommodate 
varying signage attributes such as screen siZe or viewing 
distance. 
[0069] Using pre-existing or learned knowledge about the 
signage network, content is distributed 340, such as by using 
algorithms that enable collection of success metrics for indi 
vidual pieces of content. According to some implementa 
tions, the content is distributed across the network in a way 
that ensures proper counterbalancing, blocking, and con 
found-free measurement can be made (e. g., in conformance 
with performing a true experiment). Additionally, the deploy 
ment algorithm ensures that relevant content is sent to the 
appropriate signs in the network, considering network 
attributes, viewer demographics, and viewing conditions 
among others. 
[0070] In some implementations, point of sale and sensor 
data is used which allows the impact of the various content 
packages to be monitored and analyZed to determine what 
templates and content elements, and their combinations, are 
most effective for each screen on the network. From this 
information, cause and effect, as well as return on investment 
can be analyZed, enabling value-based billing. This example 

Jun. 18, 2009 

may determine whether across all 200 stores, the signage 
system itself was responsible for X % increase in pro?ts and 
Y % decrease in excessive inventory. Exploratory data analy 
sis generates new possible network attributes. For example, 
there is a spike in sales when customers pick up product X and 
when contentY is concurrently shown. On the next iteration, 
this new network attribute will be tested experimentally, not 
just measured from a correlation study. For example, the 
system may determine whether content pieces presented on X 
type screens is most effective using Y-type templates, and that 
the most effective content elements have XYZ properties. 
[0071] Based on effectiveness data that may be acquired 
automatically (e. g., via true experiments implemented by the 
signage network) or manually (e. g., sales information, inven 
tory levels) 350, the system may automatically generate 360 
new templates, new content elements, and new combinations 
thereof. Again, using signage network attributes (both old and 
new), the software deploys these new pieces of content across 
the network. During the remainder of the campaign, the pro 
cesses described in blocks 330 through 360 may be repeated, 
for example, without user interaction. The signage network 
manager is able to monitor the impact that the content has on 
sales at any given point during the campaign while the system 
automatically attempts to achieve the campaign goals. 
[0072] Upon completion of this campaign, templates and 
elements that were manually or automatically generated dur 
ing the campaign are available for future campaigns as well. 
Furthermore, the knowledge that was gained regarding the 
types of templates and elements that are effective for particu 
lar displays, demographics, or other factors, is used to create 
and distribute content more effectively across the network 
during future campaigns. 
[0073] Determination of whether an experiment is a true 
experiment can be performed proactively or retroactively 
with respect to running the experiment. According to some 
embodiments, a computer may be used to determine if an 
experiment that is yet to be performed is a true experiment. 
According to other embodiments, a computer may be used to 
determine if an experiment that was previously performed is 
a true experiment. According to one approach, the computer 
determines, based on information provided by the user, 
whether an experimental design eliminates or controls con 
founds. In this example, the user enters information about the 
experiment, including the independent and dependent vari 
ables of the experiment. 
[0074] The computer identi?es situations that may produce 
confounds in the experiment. The user selects the confound 
producing situations identi?ed by the computer that are 
present in the context of the experiment. The computer 
prompts the user to identify steps taken to eliminate or control 
the identi?ed confounds. The computer determines if the 
combination of steps is su?icient to eliminate confounds in 
the experiment. Details of performing a true experiment in the 
context of the present invention are further disclosed herein 
below and in commonly owned US. patent application Ser. 
No. 11/321/340, ?led Dec. 29, 2005 under Attorney Docket 
No. 61290US002, which is hereby incorporated herein by 
reference. 

[0075] FIG. 10 is a block diagram of a system for develop 
ing and/or distributing content using cognitive/vision science 
driven software in accordance with embodiments of the 
present invention. The system shown in FIG. 10 includes a 
computer 402 coupled to a display 404 and a network inter 
face 406. The network interface 406 is coupled to a network 
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ofdisplays 410, such as those ofa DSS. The computer system 
402 is also coupled to a cognitive sciences database 450. 
[0076] The cognitive sciences database 450 includes sev 
eral sets of rules or models each developed from principles of 
human cognitive and vision sciences. In this illustrative 
example, the rules and models, also referred to herein as 
design rules or design models, include visual attention and 
perception rules 420, text readability rules 430, and memory 
rules 440. 
[0077] The visual attention and perception rules 420 may 
include rules or models that are based on hoW human percep 
tual systems process visual information. An illustrative 
example of a visual attention and perception model 420 is 
referred to as a saliency mapping model. In general terms, 
those portions of a given image Which elicit a strong, rapid 
and automatic response from vieWers, independent of the task 
they are trying to solve, may be referred to as being visually 
salient. A red object among green objects or horiZontal lines 
among vertical lines represent tWo examples of such salient 
locations of an image. 
[0078] The computer system 402 may be con?gured to 
provide for automatic detection of salient parts of image 
information based on a saliency mapping model. Saliency 
may be computed in a number of Ways as is knoWn in the art. 
Examples of such approaches Which may be implemented in 
the context of the present invention are disclosed in US. 
Patent Publication No. 2006/0215922 and in US. Pat. No. 
7,130,461, Which are incorporated herein by reference here 
inabove. Further details of saliency mapping models are 
described in Koch, C. and Ullman, S. “Shifts in Selective 
Visual Attention: ToWards the Underlying Neural Circuitry,” 
Human Neurobiology, 4:219-227, 1985; and tWo detailed 
computer implementations: Itti, L., Koch, C. and Niebur, E., 
“A Model of Saliency-Based Visual Attention for Rapid 
Scene Analysis,” IEEE Trans. Pattern Analysis & Machine 
Intell. (PAMI) 20:1254-1259, 1998 and Itti, L. and Koch, C. 
“A Saliency-Based Search Mechanism for Overt and Covert 
Shifts of Visual Attention,” Vision Research 40: 1489-1506, 
2000, each of Which is hereby incorporated herein by refer 
ence. 

[0079] According to one approach, the system shoWn in 
FIG. 10 may be con?gured for determining a saliency map, 
Which may be a tWo-dimensional map that encodes salient 
objects in a visual environment. The saliency map of a given 
scene, for example, expresses the saliency of all locations in 
this image. The saliency map is the result of competitive 
interactions among feature maps for image features including 
color, orientation, texture, motion, and depth, among others, 
that interact Within and across each map. At any time, the 
currently strongest location in the saliency map corresponds 
to the most salient object. The value in the map represents the 
local saliency of any one location With respect to its neigh 
borhood. By default, the system directs attention toWards the 
most salient location. A second most salient location may be 
found by inhibiting the most salient location, causing the 
system to automatically shift to the next most salient location. 

[0080] By Way of example, original content may be input to 
a saliency mapping model, such as in the form of a scanned or 
digitiZed image of the original content. The computer system 
402 may produce a saliency map of the content image, indi 
cating the most salient locations of the image preferably in 
order. The output of the saliency mapping model may indicate 
these salient locations using a box or other shape in combi 
nation With a number or letter, thus indicating the locations 
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and order of saliency of the image. These locations/order 
indicators can be used to provide a comparison betWeen the 
content designer’s intended saliency locations/ ordering and 
the actual saliency locations/ordering as determined by the 
computer system 402. 
[0081] The computer system 402 may generate recommen 
dations to the designer via narrative or imagery output that 
can improve saliency and/or achieve the desired saliency/ 
ordering of salient locations. The computer system 402 may 
alternatively produce altered forms of the original content 
automatically in a manner that achieves the designers desired 
saliency mapping/ordering requirements. In this manner, the 
computer system 402 may, Without user intervention, analyZe 
original content, develop a saliency map therefrom, deter 
mine if saliency requirements of the user or rule/model have 
been met, and, if not, generate one or more versions of 
adjusted content that meets the saliency requirements of the 
user or rule/model. 

[0082] Other visual attention/perception rules 420 may be 
de?ned for visual attention guiding attributes that can 
enhance the visual attention of vieWers to displayed content, 
effectively “guiding” the vieWers to allocate attention to the 
display or portions of the display. Guiding attributes de?ne 
aspects of individual content elements or relationships 
betWeen multiple content elements. Guiding attributes can be 
used in a ?rst mode, to attract the visual attention of vieWers 
to a display, and be used in a second mode, during presenta 
tion of content once the vieWer is present Within the display 
space. For example, a rule may be de?ned that regulates the 
number and spatial combination of speci?c strong guiding 
attributes that are present in the displayed content at any 
moment in time in order to maximiZe the attractiveness of the 
displayed content to the vieWer, given the speci?c combina 
tion of strong attributes that exist in the visual environment in 
Which the display is located. Once the visual attention of the 
vieWer has been attracted and is Within the display space, as 
indicated by a camera or proximity sensor, for example, the 
rule may alloW for the combination of both strong and Weak 
guiding attributes, or alloW use of combinations of strong and 
Weak attributes for guiding the vieWer’s visual attention 
Within the display content. 
[0083] It is understood that there are tWo categories of 
guiding attributes, strong and Weak guiding attributes. Strong 
guiding attributes include: siZe, color, orientation, motion, 
curved vs. straight, stereoscopic depth, aspect ratio, monocu 
lar depth, and line termination. Weak guiding attributes 
include: novelty, intersection, color changes, semantic cat 
egory, and faces. 

[0084] A rule 420 may be de?ned that limits the number of 
strong guiding attributes present in the display of content at 
any given time. It is understood in the art that the presence of 
greater than a small number of instances (e.g., four instances) 
of any one strong guiding attribute in a content presentation at 
any given time Weakens the “strengt ” of this strong guiding 
attribute With respect to guiding visual attention. The com 
puter system 402 may be con?gured to track strong and, 
optionally, Weak guiding attributes in a visual array of content 
presented on a display at any given time. If greater than 4 
instances of any one of the strong guiding attributes are 
detected at any given time, the computer system 402 may alert 
the designer or take automatic corrective action by modifying 
the content to eliminate the duplicative strong guiding 
attribute(s) in excess of 4 or other numeric threshold. 
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[0085] In another illustrative example, it is assumed that the 
content designer Wishes to increase the likelihood that neWly 
added content be seen by the vieWer. The computer system 
402 may scan the content to determine the identity and num 
ber of strong guiding attributes already used in the content, 
and recommend use of an unused (or least used) strong guid 
ing attribute to draW attention to the neWly added content 
element. In another illustrative example, the environment 
may be evaluated, such as by use of a camera or other sensors, 
to determine the type and number of strong guiding attributes 
present in the display environment. Based on this environ 
mental knowledge, the computer system 402 may recom 
mend alteration (or automatically alter) of the content so that 
the combined number of strong guiding attributes present in 
the content at any one time and in the display environment at 
the same time does not exceed the “maximum number of 
strong guiding attributes” threshold discussed above. This 
content may be adjusted dynamically by the computer system 
402 in vieW of both content and display environmental visual 
attributes to increase the effectiveness of content display. 
[0086] Text readability may be de?ned in terms of one or 
more design rules or a model. For example, text readability 
may be de?ned in terms of several parameters, including text 
siZe, reading speed (based on moving text and/or speed of 
moving vieWer, vieWer dWelling time), font style, luminance, 
contrast, color, and vieWing distance, among others. Accord 
ing to one approach, a minimum font or text siZe as a function 
of text contrast may be de?ned as: 

font size:7.434*exp(—contrast/O.6297)+5.028, 

Where font siZe is given in angular siZe (arc min.), and contrast 
represents text contrast de?ned as (Lt—Lb)/Lb, Where Lt is the 
text luminance and L b is the background luminance. Addi 
tional details of this model are described in Krebs, W. and 
Ahumada, Jr., A, “A Simple Tool for Predicting the Readabil 
ity of a Monitor,” Proceedings of the Human Factors and 
Ergonomics Society 46th Annual Meetingi2002, pp. 1659 
1663, Which is hereby incorporated herein by reference. The 
computer system 402 may be con?gured to measure font siZe 
of content text and determine if the minimum font siZe of such 
text as de?ned above is met. If not, the computer system 402 
may indicate violation of this rule and/or alter the text in a 
manner that satis?es the font siZe rule. Other text readability 
parameters may similarly be determined and adjusted by the 
computer system 402. 
[0087] For example, as sensor or data from other sources 
regarding the distances of vieWers relative to a display is 
acquired, the system may automatically adjust the text siZe to 
improve readability according to the distance information. 
Font siZe, Which is measured in retinal arc minutes, may be 
adjusted systematically in relation to changes in vieWer dis 
tances from the display to maintain readability according to 
the equation above. 
[0088] Memory rules or models 440 may also be imple 
mented by the computer system 402 to enhance vieWer cod 
ing (e.g., visual, phonological, and/ or semantic coding), 
retention, and recall. Rules regarding Working and long-term 
memory may be de?ned and implemented by the computer 
system 402. Memory rules 440 may be developed for meeting 
particular goals, such as the goal of vieWers comprehending a 
comparison of information and remembering desired infor 
mation resulting from the comparison. 
[0089] It is Well understood that the duration of human 
Working memory Without rehearsal is about 2 seconds. In 
other Words, absent rehearsal or repetition, information in 
Working memory canbe lost in about 2 seconds. It is assumed, 
in this illustrative example, that a content designer Wishes to 
design content such that a vieWer encodes a ?rst piece of 
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information in Working memory and also Wishes that the 
vieWer retain this ?rst piece of information in Working 
memory When a second piece of information is presented. In 
order to ensure that the ?rst piece of information is not lost 
prior to presentation of the second piece of information, a 
memory rule 440 may ensure or recommend that the second 
piece of information be presented Within 2 seconds of pre 
sentation of the ?rst piece of information. 
[0090] For example, the content designer may have the goal 
of presenting a comparison of a client bank’s interest rate and 
that of a competitor bank. In order to ensure that the tWo 
interest rates are retained in Working memory for the com 
parison, the second of the tWo interest rates is to be presented 
Within 2 seconds of presentation of the ?rst interest rate, per 
the Working memory duration rule 440. 
[0091] Principles of primacy and recency may also be 
de?ned in terms of memory rules 440. For example, the 
computer system 402 may be con?gured to order or re-order 
presentation of a sequence of information in a manner that 
increases the likelihood that the more important information 
in this sequence is transferred to long-term memory. For 
example, a sequence, series or pattern of information may be 
presented in an advertisement for display. The information 
may be text or graphic objects, such as numbers, letters, icons, 
pictures (e.g., of product on sale) or other information. Pri 
macy and recency memory rules 440 may be applied that 
order or re-order the informational objects so that the more 
important objects are preferentially positioned at the begin 
ning and end of the sequence, With the less important (e.g., 
less pro?table) informational objects being positioned in the 
middle portion of the sequence, series or pattern. 
[0092] The principle of rehearsal may also be de?ned by 
one or more memory rules 440. For example, a more impor 
tant product of several products may be shoWn more fre 
quently than other less important products. In this Way, 
rehearsal or repetition of presentation of the more important 
products in an advertisement increases the likelihood that the 
more frequently presented products Will be remembered by 
the vieWer. 
[0093] The principle of memory capacity may be de?ned in 
terms of one or more memory rules 440. It is understood in the 
art that the capacity of Working memory is about four 
“chunks” of information. A “chunk” of information repre 
sents anything that has a unitary representation in long-term 
memory. Four chunks may be represented by four letters or 
numbers that have little association. HoWever, a multiplicity 
of letters, numbers, objects, and the like that have a strong 
association may de?ne a chunk. For example, the acronym 
NATO is formed from multiple letters, but is de?ned as a 
chunk, as NATO has a unitary representation in long-term 
memory to most adults, for example. 
[0094] A memory rule 440 may be de?ned that limits the 
number of chunks that are presented at any given time in order 
to maximiZe the likelihood that the presented chunks are 
processed by the vieWer and transferred to long-term 
memory. For example, the computer system 402 may scan for 
chunks and notify the content designer if greater than four 
chunks have been presented at any given time. 
[0095] These and other principles of cognitive and vision 
sciences may be de?ned in terms of rules or models, including 
those described in Goldstein, E. Bruce, “Cognitive Psychol 
ogy, Connecting Mind, Research, and Everyday Experience,” 
Thompson/Wadsworth 2005, Which is hereby incorporated 
herein by reference. 
[0096] As Was discussed previously, the complexity of the 
cognitive sciences database may vary from relatively simple 
to very complex. It is understood that the rules and models 










