ISSN 2217-379X

University of Novi Sad,
Faculty of Technical Sciences,
DEPARTMENT OF GRAPHIC
ENGINEERING AND DESIGN

Volume 4
Issue 1
June 2013

JGED
JOURNAL OF GRAPHIC
ENGENEERING AND DESIGN

Analysis of Strategic Management in Small
and Medium Business Organizations in
Graphic Industry
Lili Boshevska, Ilija Jolevski

Degradation of Dual Image for Visual and
near Infrared Spectrum at repeated
CMYK/RGB Rendering
Darko Agić, Ivana Stanimirović Žiljak,
Ana Agić, Nikolina Stanić Loknar

Legibility based on differentiation of
characters: A review of empirical findings
fundamental for the type design practice
Uroš Nedeljković, Irma Puškarević,
Bojan Banjanin, Ivan Pinćjer

Aplicability of golden ratio rule in
modern product design
Darko Avramović, Gojko Vladić,
Nemanja Kašiković, Ivan Pinćjer

JOURNAL OF GRAPHIC
ENGINEERING AND DESIGN

1/2013
Volume 4 Number 1 June 2013.
Published by
University of Novi Sad, Serbia
Faculty of Technical Sciences
Department of Graphic Engineering and Design

Published by
Editor
Prof. PhD Dragoljub Novaković

Editorial Board

Prof. PhD Thomas Hoffman-Walbeck
HDM Stuttgart, Germany
Address:
Faculty of Technical Sciences,
Department of Graphic
Engineering and Design,
Trg Dositeja Obradovića 6
21000 Novi Sad, Serbia
Telephone numbers:
+381 21 485 26 20
+381 21 485 26 26
+381 21 485 26 21
Fax number:
+381 21 485 26 28
Email:
jged@uns.ac.rs
Web address:
www.grid.uns.ac.rs/jged
Frequency: 2 issues per year
Printing: Faculty of Technical Sciences,
Department of Graphic Engineering And Design
Circulation: 200
Electronic version of journal available on
www.grid.uns.ac.rs/jged

Prof. PhD Miroslav Gojo
Faculty of Graphic Arts, Zagreb, Croatia
Prof. PhD Vilko Žiljak
Faculty of Graphic Arts, Zagreb, Croatia
Prof. PhD Tadeja Muck
Faculty of Natural Sciences and Engineering,
Ljubljana, Slovenia
Prof. PhD Diana Gregor-Svetec
Faculty of Natural Sciences and Engineering,
Ljubljana, Slovenia
Prof. PhD Marie Kaplanova
Faculty of Chemical Technology, Pardubice,
Czech Republic
Prof. PhD Georgij Petriaszwili
Warsaw University of Technology, Warsaw, Poland
Prof. PhD Tome Jolevski
Technical Faculty, Bitola, FJRM
Prof. PhD Erzsébet Novotny
PNYME, Budapest, Hungary
Prof. PhD Csaba Horváth
BMF, Budapest, Hungary

E-ISSN 2217-9860

Prof. PhD Rossitza Velkova
Printing Industry Union of Bulgaria, Sofia, Bulgaria

The journal is abstracted/indexed
in the Directory of Open Access Journals

Prof. PhD Slobodan Nedeljković
Academy of Arts, Novi Sad, Serbia
Prof. PhD Vera Lazić
Faculty of Technology, Novi Sad, Serbia
Prof. PhD Branko Milosavljević
Faculty of Technical Sciences, Novi Sad, Serbia

CIP - Katalogizacija u publikaciji
Biblioteka Matice srpske, Novi Sad
655
JGED : Journal of Graphic Engineering and Design /
editor Dragoljub Novaković. - Vol. 1, No. 1 (nov. 2010) Sciences, Department of Graphic Engineering and
Design,
2010-. 30 cm
Dva puta godišnje
ISSN 2217-379X
COBISS.SR-ID 257662727

Ass. prof. PhD Igor Karlović
Faculty of Technical Sciences, Novi Sad, Serbia

Cover photo
Students work - subject Type and typography
Filip Vujković - Lamić
Dunja Bosanac
Taisa Joksović
Jelena Pajić

Dear readers,
of typefaces is also another very active
research topic in typography. The visual
word recognition and pattern recognition
with the appropriate research methodology
will enable more suitable typeface using
for different applications.The final paper
in this issue investigates the possibility of
using golden ratio rule in the industrial
design of new consumer products. One of
the special tasks of designers is to find an
appropriate method to verify their design
and integrate it in the design process.

In front of you is the new completely
redesigned issue of the Journal of Graphic
Engineering and Design - JGED. We are
very pleased that we have attracted
attention of the researchers in the specific
segments of the graphic arts industry. With
it we have broadened the scope of the
research and this issue contains papers
from a wide array of research topics.
The methods used in strategic management
with the application of the strategic analysis
are usable in creating a strategy plan for
the graphic arts companies and we have
a paper which introduces this concept.
The research area of the electromagnetic
spectrum beyond the visible in the infra red
area and its application in the reproduction
of images is very interesting regarding
its practical applications in various print
products. The legibility and differentiation

To all contributing authors, reviewers and
staff who contributed to another quality
issue I sincerely thank and of course invite
all other researchers to publish their
new research results in our journal.
Prof. PhD Dragoljub Novaković
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Analysis of Strategic Management
in Small and Medium Business
Organizations in Graphic Industry
Abstract
Graphic industry as a field of work and a field of study offers ability for
economic growth of every country or region. The increase in competition
and the development of the market method of prediction, increase the need
for business organizations to continuously observe their own position. Faced
with a variable, turbulent and complex environment, the business organizations adopt strategic management, and modern managers, especially those
in top management, have to possess knowledge and skills of the concepts
and application of strategic management.
In this paper the case method, as a method used in strategic management,
will be applied as a general approach of strategic analysis in creating strategy map for businesses in graphic industry.

Lili Boshevska,
Ilija Jolevski

Key words
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Introduction
The companies in graphic industry around the world
are occupied with adapting to transforming markets,
transforming industries, and transforming business
rules. These changes and transformations are caused by
new view of customer satisfaction, and by new business
paradigms. Through the growth of e-commerce and
globalization, a wide variety of threats and opportunities have emerged. Any time people travel, go in a
restaurant or theatre, buy in a market, go to the library,
and engage in similar activities, they are using products
of the graphic industry. The management of business
organizations in graphic industry is very challenging, as
managers need to be flexible enough to anticipate and
meet a wide variety of needs. They must also handle
tasks such as training employees, handling staff, setting

OU “Sv. Kiril i Metodij”,Technical
Faculty Bitola,Macedonia
Corresponding author:
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standards, and applying different forms of collaboration and coordination between companies and within
companies. The challenge is bigger because of the
innovations in printing by exploiting business potentials of new or enhanced service, product, technology,
information, communication or solution. That means
that companies trying to find many different ways to
intensify cooperation with customers and suppliers.
“The graphic industry is labor-intensive, which consequently reflects the high contribution of labor costs to
the overall total compared to the average for industry
as a whole”. Also the graphic industry is capital-intensive. “At six or seven percent, investment within the
printing industry is clearly higher than the average for
industry overall. This primarily involves investment
in modernization aimed at a competitive edge over
direct rivals and investment to exploit new production
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methods, as well as adaptation to the growing number
of suppliers providing alternative products, such as
electronic media”. (Kipphan, 2001, p. 1048-1049)

role of innovations in graphic industry as transformation enablers is illustrated by Figure 1.

Many innovations in graphic industry are today a
natural part of printing. To introduce these innovations
however, complex transformations were necessary.
The transformation is not possible without strategy
analysis making and determining the ways of development and potentials for economic development.
The challenges of transformation of the companies in
graphic industry are discussed and the transformation
model of electronic business (Winter, 2001) is applied
in transformation from a businesses for meeting basic
needs into businesses for customer satisfaction.

Transformation as a challenge
for developing a strategy
The transformation of the companies in graphic industry
is a big challenge for the managers. “Digitization of
equipment and workflow has brought new options
for producing print products, the core business of the
printing industry. For managers running printing companies this means in many cases a complete overhaul
of equipment and a considerable challenge to employees in mastering new techniques. New production and
communication technologies reveal not only new print
media manufacturing processes, but also new communication media (electronic media), some of which
are in direct competition with print media. This leads
to the conclusion that training and further education
has an essential role to play in this industry. The small
to medium-scale structure of the printing industry
demands above all that middle and particularly higher
management levels possess relatively broad know-how,
since the widespread use of specialists is considerably
limited for financial reasons.” (Kipphan, 2001, p. 1049)

»»Figure 1: Transformation Model of graphic industry according the Transformation Model (Österle&Winter, 2000) in (Winter 2001:p.4)

“From a business perspective, it is mandatory that
business potentials of innovations” in graphic industry
are “systematically assessed, that appropriate business
strategies are (re-)formulated, that appropriate business processes and organizational structures are (re-)
designed, and that appropriate information systems
are implemented. Organizational structures may have
to be decomposed and re-assembled, mergers and
acquisitions may occur, business units may be sold,
start-ups may have to be split off, or alliances or other
forms of formal cooperation between companies
may have to be created. In addition, transformation
means that contracts have to be negotiated, appropriate qualifications have to be provided for employees,
attitudes have to be changed, and political decision
processes have to be modified.” (Winter 2001, p.1049)

Every business organization in graphic industry
interested to be developed in the field of graphic
engineering and design is in front of the question
whether the transformation and transition to graphic
business is a limited phenomenon or whether a
sustainable economic development can be started.
“Transformation means to re-create existing companies or to create new companies” (Winter 2001, p.
3). “Most transformations are triggered by new or
improved” graphic components, new standards, new
or improved standardized technologies, new services, or new forms of sourcing and utilization, etc.
The transformation model of informatics industry suggested by Österle and Winter (Winter 2001,
p. 4) can be applied in a transformation model
of graphic industry. According to the model, the

8

»»Figure 2: Strategy map (Kaplan and Norton, 2003)

The new scope of graphic industry and the changed
needs of the clients/customers, needs the analyses of
existing strategy in graphic businesses, and develop a
new one taking into account all economic perspectives,
transformations and innovations in graphic engineering and design. The managers, who run the graphical
business organizations, in the role of strategy developers, can merge two approaches: the Strategy map by

The strategy makers can identify the existing
strategy of the organization by studying its:
»» Pronouncements as to it purpose by looking
for statements about what a company want
to be or what it want to do. For instance: “We
want to be Microsoft in graphic industry”…
»» Resource allocation-“Strategic pronouncements might be too general to be of
help, or they might be contradictory or
misleading” (Barnett and Wilsted 1989,
2), that is the reason why it is necessary to see where the money are spent
and how the resources are located.
»» Products, services and markets in order to
understand “What we are selling and to
whom?”. The strategy makers should analyze
the existing products and services and
answer questions like: Does an organization
just print or do something more for people?
»» Method of competition in order to find out
which elements in the strategy can be competitive: price, quality, technology, service,
marketing skills, availability, functionality
and/or brand. That means the organization
can competes on the basis on elements of
Customers Perspective but also on Internal
Perspective including all internal processes.

Kaplan and Norton and The Case Method, to obtain
the broad range of information and data for making
analyses and creating the strategy (Boshevska, 2011).
The case method, as a method used in strategic
management, can be applied as a general approach
of strategic analysis in creating strategy map for
businesses in graphic industry. Case analysis proceeds through the following seven stages or steps
(Barnett and Wilsted 1989, 1) that can be passed from
the aspect of management in graphic industry:
Stage 1: Sizing up the situation
Stage 2: Evaluating the present strategy
• Stage 3: Identifying issues and options
• Stage 4: Evaluating options
• Stage 5: Making recommendations
• Stage 6: Implementing strategy
• Stage 7: Monitoring results
•
•

Every stage can be reviewed from the four perspectives suggested by Kaplan& Norton: Financial perspective, Customer Perspective, Internal Perspective
and Learning and growth Perspective, paying attention to every single element of the Strategy Map.

First stage- Sizing up the situation
(Assessing the situation)

Evaluating the Present Strategy

In this stage the creators of strategy should answer
the following questions:What the existing enterprises in graphic industry are doing in present?
In what circumstances? With what results?

In this stage, Barnett and Wilsted suggested
the following criteria for evaluation of the strategy plan: (Barnett and Wilsted 1989, 3),

1. Analyze the economics of the sit ation:
(Barnett and Wilsted 1989, 1),
Attributes of products and of the demand for them
Attributes of the technology, including the
productive and distributive processes
• The input mix, the cost mix, the
unit (average) cost curve
• The competitive situation both in
the market for the inputs and in the
market for the finished products
• The price-cost-volume-profit relationships
2. Analyze opportunities and constrains, and
strengths and weakness relative to them
3. Identify the existing strategy , which refers
to established policy concerning
• Mission, objectives, and goals
• Strategy being employed: to improve opportunities, to overcome constraints, to meet
competition, to gain access to markets
• Basic decisions concerning: products and
markets, technology, make-or-buy, resource
procurement, location, scale, standards. All
this facts should be carefully collected, completed, selected and objectively analyzed.
•
•

1. Are the separate elements that make up the strategy
consistent with each other and mutually supportive?
2. Is the strategy appropriate considering the surrounding circumstances (externalities) and the
internal situation (resources, purpose)?
3. Are these policies and strategies likely to enable
the enterprises to meet not only short-term
goals but long-term objectives as well?
4. Have considerations of ethical and social responsibility been properly taken into account?
5. How satisfactory are the results?
6. Is the strategy practical and workable?
7. Does the strategy adequately consider risk?

Identifying Issues and Options
The strategy makers should identify what policy or
strategy issues are most important, and what are
the alternatives to these issues? It is very important to distinguish between primary and secondary
issues and to concentrate on one, or on just a few
primary issues. The analysis should be more effective by narrowing the field and sharpening the focus.
Carefully considering a small number of important
issues is far preferable to an extensive and, there-
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fore, more superficial coverage. Cases often contain
an “action” question which is only symptomatic of
the real problem. (Barnett and Wilsted 1989, p. 4)

Evaluating options
In this stage, the strategy developers develop the
arguments for and against each option, including the
option of making no change from the present course
of action. They need to consider costs and implications for organization and personnel. In this stage it
is necessary to pay attention to elements of Financial
Perspective, Internal Perspective and Learning and
Growth Perspective from the Strategy Map. Barnett
and Wilsted suggested consideration of the following
criteria for each option: (Barnett and Wilsted 1989, p. 4)
1. Appropriateness: Will the option allow
us to achieve our objectives?
2. Feasibility: Do we have the resources – tangible
and intangible – to achieve our objectives?
3. Reality: Do we want to go with this option?
4. Workability: Can we gain corporate –
wide organizational commitment?

Making Recommendations
After evaluating options, the strategy makers should
consider what would they recommend for change in
the present strategy? “And how these recommendations should be accomplished? Useful policy/strategy
recommendations are specific, making explicit the
rate of change and any scheduling or phasing being
recommended; the additional resources, if any, to
be procured; and any organizational and personnel
changes involved.” (Barnett and Wilsted 1989, p. 4)
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Implementing Strategy
“A proposed strategy is useless unless organization
commits to its adoption.” Barnett and Wilsted recommend the following considerations:Who will be in charge
of its implementation? What time frame is involved in
its implementation? Does organization need to restructure, or is the present structure appropriate? Why?
How will people be affected by its implementation? Will
a new motivation or compensation system be necessary? How can be reviewed if the plan is not working?

Monitoring Results
The monitoring and appraisal of results is necessary
for the strategy developers in determining if the
strategy process and all elements of the Kaplan and
Norton’s Strategy Map are relevant and if the proposed recommendations can work. “Any variances
must be quickly identified and corrected, so that
operating remedies may be identified, evaluated, and
implemented”. (Barnett and Wilsted 1989, p. 4)
These seven stages for making analysis will help strategy
makers to develop more quickly a logical approach to
strategic problems. Since each organization is unique,
some aspects of some or even all of these steps may
not be appropriate according to the nature of the
issues and alternatives. Taking in consideration two
concepts mentioned before andthe differences of the
particular organizations, it was created the form that
can be used for analyzing of the strategic management
in small and medium organizations in graphic industry. This form can be used in any organization in order
to simplify the process of strategic analysis, and to
facilitate the application of strategic management.

Table 1: Form for the analysis of strategic management in organization
Desired condition
(application of
Benchmarking)

Current situation

Gap

1. Assessing the situation
In this stage the creators of strategy should answer the following questions:What the
existing enterprises in graphic industry are doing in present? In what circumstances?
With what results?
1.1
Attributes of products and of
the demand for them

1. Appropriateness: Will the option allow us to achieve our objectives?

Attributes of the technology,
1.2
including the productive and distributive processes

2. Feasibility: Do we have the resources – tangible and intangible – to achieve our
objectives?

The input mix, the cost mix,
1.3
the unit (average) cost curve

3. Reality: Do we want to go with this option?

1.4
The competitive situation
both in the market for the inputs and in the market

4. Workability: Can we gain corporate – wide organizational commitment?

for the finished products

for

The price-cost-volume-profit

against

Option 1:
Option 2:

What are the circumstances in which the organization exists
2
“TOWS” analysis. Analysis of threats and opportunities, and
weakness and strengths relative to them

Option3:
5. Making Recommendations
Specific recommendations for changes in the present strategy.
How these recommendations should be accomplished?
How to provide the additional resources needed?
How to perform organizational and personnel changes?

Threats - constrains
-Limitations
Opportunities
Strengths

Recommendation1

Weakness
What results the organization achieves
3
Identify the existing strategy , which refers to established
policy concerning:
3.1

Gap

4.Evaluating options
To develop the arguments for and against each option, and to consider costs and
implications for organization and personnel. In this stage it is necessary to pay
attention to elements of Financial Perspective, Internal Perspective and Learning
and Growth Perspective from the Strategy Map. Barnett and Wilsted suggested
consideration of the following criteria for each option:

1. Analysis of the economic situation (Barnett and Wilsted 1989, 1)

1.5
relationships

Desired condition
(application of
Benchmarking)

Current situation

Recommendation 2
Recommendation 3

Mission:
6. Implementing Strategy
“A proposed strategy is useless unless the organization commits to its adoption.”
Barnett and Wilsted recommend the following considerations:

Objectives:
Goals:

Who will be in charge of its
implementation?

Strategy being employed:
3.2
- to improve opportunities
- to overcome constraints,

What time frame is involved in its
implementation?

- to meet competition,
- to gain access to markets

Is the present structure
appropriate?

Basic decisions concerning:

3.3

Does the organization need to
restructure. Why?

- products and markets,
- technology,
- make-or-buy,
- resource procurement,
- location,
- scale,
- standards

How will people be affected by
its implementation?

Statements about what a company want to be

How can be reviewed if the plan
is not working?

Will a new motivation or
compensation system be
necessary?

or want to do

7.
Monitoring Results
The monitoring and appraisal of results is necessary in determining if the strategy
process and all elements of the Kaplan and Norton’s Strategy Map are relevant
and if the proposed recommendations can work. “Any variances must be quickly
identified and corrected, so that operating remedies may be identified, evaluated, and
implemented”. (Barnett and Wilsted 1989,4)

• -Statement of Strategy
• -Vision Statement
Resource allocation - where the money are spent
and how the resources are located?
Products, services and markets - what the
organization is selling and to whom?

Result 1:

Required correction1:

Result 2:

Required correction2:

Result 3:

Required correction3:

Method of competition - which elements in
the strategy can be competitive: price, quality,
technology, service, marketing skills, availability,
functionality and/or brand.
2. Evaluating the Present Strategy
In this stage, Barnett and Wilsted suggested the following criteria for evaluation of the strategy plan: (Barnett and Wilsted
1989, 3),
1. Are the separate elements that make up the
strategy consistent with each other and mutually
supportive?
2.Is the strategy appropriate considering the
surrounding circumstances (externalities) and the
internal situation (resources, purpose)?
3.Are these policies and strategies likely to enable
the enterprises to meet not only short-term goals
but long-term objectives as well?
4,Have considerations of ethical and social
responsibility been properly taken into account?
5.How satisfactory are the results?
6.Is the strategy practical and workable?
7.Does the strategy adequately consider risk
3. Identifying Issues and Options
It is very important to distinguish between and to concentrate on one, or on just a
few primary issues. The analysis should be more effective by narrowing the field and
sharpening the focus.(Barnett and Wilsted 1989, 4)
What policy or strategy issues are most important
- primary issues:
- secondary issues:
What are the alternatives to these issues? What are
the options available to the organization?
Option 1:
Option 2:
Option 3:
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Conclusion
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A near infra red (NIR) designed image is a dedicated image containing additional information in a spectral domain between 700 and 1000 nm. Throughout management in visual spectrum z-parameter properties of selected separation or custom dyes are adjusted for NIR visualization. If such reproduced
image is rescanned, Z-parameter properties of a CMYKIR designed image
vanishes, or is seriously damaged.
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Introduction
To setup a image for a reproduction, colour management has to be enforced, meaning appropriate profile
for selected input as well output system, specially if
NIR image is provided. Changing any parameter in the
system routes to re-profiling or generating a dedicated
profile. This contemporaneously means that output
RGB/CMYK transfer functions are not linear according to theoretical PS equations, and their customization has to be managed carefully. It must be stated
that NIR image properties are designed assigned
and routed through visual colour arrangement.
Not any dye (or pigment) reflection or absorption
ability is suitable to display a extended NIR image.

»»Figure 1: Response curves of dyes
(K, M, Y) , in 400 to 1000 nm domain
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As reported (Agić D. et al., 2012), some dyes independently from their visual domain properties, in NIR domain
show relatively high reflection, and some render relatively strong absorption (Fig 1). That fact is the basic of
quantification of NIR behavior dyes, specified as Z-parameter (Žiljak V. et al., 2012), and their behavior and appearance in NIR domain. That manifestation is of course
associated to the structure complexity of chemical properties dye used (Grande B. T. 2012). Common example
for this behavior is (standard printers) carbon black, but
there is variety of other dyes (pigments) expressing that
NIR absorption, and can be used as a NIR image host.

As shown on Fig 3, selected patches generated with various CMY+K combinations showing similar visual output,
meaning similar (theoretically the same) colorimetric Lab
values, reproduced within ΔE 1.6, but vary gray shades
in NIR. Selected patch (B5) as reproduction stable, is
further developed to series of CMY+ K re-combinations.

Colour system transitions
Images, but also a designers coloured patches, can be
defined through RGB system, as a scanned picture or
colorimetric defined colour, but for output purpose
must be rendered to a standard CMYK separation, or any
dedicated custom separation system. As stated, RGB/
CMYK transformations are not linear, reach different
slopes and gradients, Figure 2 (Žiljak-Stanimirović I. et.
al., 2012) what differ from theoretical PS equations.

»»Figure 3: One of the series of programmed
reproduced sheets, B-5 (IRD Minolta) patch,
is considered for further arrangements

»»Figure 2: Slope of a set of CMY dyes by achromatic reduction, FOGRA coated profile (CMY coverage 39, 29 26)

By standard CMYK separation often achromatic reduction
principles are applied (Enoksson&Bjursted, 2007),what
is suitable for NIR designing. That connotes or implies
rather delicate colorimetric equilibrium, while the
same colorimetric output and experience (in visual)
through RGB system, can be achieved with various
separation combination values CMY+K, with the same
(according to the profile accuracy, in practical situation similar) colorimetric and visual values output. In
that way also the NIR image is defined, and various
amounts (of reflections or absorptions) are achieved,
that can be visualized as various shades of gray. In
this considerations standard separation is applied,
and carbon black was practiced for achromatic principles exchange, simultaneously modulator for the NIR
image response. Some, (mostly hi-res ink jet) systems
instead carbon black use other dyes, different chemical composition, probably according their mechanical
characteristics and particle size distribution. (ICBA, 2011).
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»»Figure 4: Selected patches reproduced (visual same
output) in different reduction amounts varying K coverage percentage content (a),
(basic coverage CMY 80, 60, 40), and appropriate NIR image, where gray shades differ according to reduction recalculated K content (b)

CMYK RGB re-rendering
If reproduced-printed image with NIR specification
is repeated to RGB system, meaning re-scanned or
re-imaged, existing CMYK system is converted to RGB
system. As visual output of printed image shows similar
(or the same) values (e.g. in Lab) to RGB, the conversion by that rendering would show similar values within
scanner or camera environment, producing related RGB

values in behavior as a input device. In dependence
of settings, white point, gamma and profile, reproduction curves, possible range etc, this rendering causes
differences in scanned values (in visual), but leading
to further changes in NIR domain. If such rescanned
image is further processed through some image editing
program, in this second stage program settings, non
appropriate profiles and possible implementation of
achromatic methods, influences changes in visual as well
the NIR image. According to the changes in reproduction surrounding, shifts in visual can occur and related
(degrading) response changes in NIR domain. (Figure 5)

»»Figure 6: visual, uniform hue, response of the image,
a: image in K channel, b: “ ghost “ image, c:

If the image file is re-rendered or reproduced image
rescanned, the situation is that the colour model
as well profiles and settings are changed meaning
entering RGB values. That leads to changes in retried
separations, particularly alterations in K channel,
effecting variances of Z parameter. Actual alteration means detriment of basic effect, where in visual
can occur some “ghost” image, and in K channel
or IR domain image vanishes or expresses degradation in its contrast or tonal range, Figure 7.

»»Figure 5: Examples to rescanned image-NIR response
is similar to substrate (a), the response is damaged and gray shades seem to be similar (b). In
visual domain color and hue shifts are possible

Stated situation by re-rendering, meaning rescanning or reimaging a system developed and designed
for NIR domain, indicates a non usable reversibility
in reproduction. Reimaging printed image and its
simple conversion and rendering from CMYK system
to RGB system, and again to CMYK for printing purposes, causes distortion not only in visual, but also in
image designed for NIR domain. Visual image could
be adjusted by means of image editing program, but
NIR image either fades or is significantly damaged.
As a example for a hidden image in a file, Figure
6, visual response gives uniform greenish (defined
for CMYK output system dedicated profile, as for
example 80C, 60M, 40Y) hue in proper setting and
no re-rendering. For each pixel various or possible reduced or equivalent CMY+K values have to be
defined for IR image purposes. In that case only in
black channel appears the image, also when image
reproduced, appears in IR domain, Figure 6a.

For a simple demonstration and valuating of gray
shades just a appropriate gray scale step wedge
was imaged and merged for observing behavior of the K image. Just observing “low”, “middle”,
and “high” values of the wedge indicates the
degradation of the K image. (Figure 7.)
Some usable reconstruction of the image or some
image parts or reproduction seems to be unacceptable particularly in IR domain, so NIR designed
systems lead not only for broadening visual
output, but also for steganographic purposes.

»»Figure 7: Undersized range of gray tone on K
channel (a), strong reduced (degraded) gray range
(b) by improper profile setting or rescanning
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Conclusion
Implementation of colour management in reproduction in present is very high and precise (Sachs, 1999).
Accurate measurements, white point adjustment,
gamma compensation and overall colorimetric features
are carried out by means of management and matching
with profiles. Designing in NIR utilizes standard color
management and absorption or reflection specificity
of some dyes (pigments) in NIR. As often example in
standard graphic reproduction is carbon black, situation
to achieve same or similar colour response of single
colour with a variety of CMY or CMYK allow rather
simple programming and designing for NIR purposes.
If visual is an multicolour image, for each pixel possible
CMY and CMY+K reducing substituting combinations
has to be defined. It must be stated that the profile
must be exact, in most cases strictly dedicated for
the output system, while reproduction and transfer
functions are not linear. If carbon black is used as NIR
design carrier, compensation of black is often used,
however dedicated reduction is recommended.
Basic, file for NIR based reproduction has to be prepared
in CMYK system with appropriate output profile. If profile
is mismatching, the NIR effect will be spoiled. Some
output systems (RIPs) accept RGB system files, but in
that case file for printing reproduction must be seriously
rearranged, profiled and adjusted for such purpose,
although that way could cause deviations. Basically,
only primary print will appropriate reproduce both
images. That contemporaneously specifies the situation
by re-rendering, rescanning or reimaging the printed
picture and deviations that will occur by such conversions. As stated, visual image can be, time consumption,
rearranged, but the CMYKIR one is irreversible vanishing
or hardly damaged. Designing in NIR, along understanding materials, besides graphic systems, can be carried
out on a wide variety of various media and colours.
Color management defines situations and tolerances in
visual part, Z-parameter describes behavior of specific
dyes in NIR, but the NIR image degradation grade by
probable re-rendering has to be still quantified. In this
work control wedge (carefully chosen) indicates only
approximately how some gray tones shadows-middle
or low are (or are not) reproduced, comparing original
situation with re-rendered brightness on the screen, or
relative D on print. Any possible changes or alternations
due to primary print (made from original prepared file)
implies re-rendering or profiles/materials mismatch.
Development of determination method is one of further
tasks. Similar situation occurs by alternating profiles and
changing CMYK system to RGB and vice versa on screen.
Knowledge about materials, its optical, physical, chemical, mechanical and other properties allow designing in
NIR as a new system, and its appliance in various fields.
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According to materials used, such method applied as
a steganographic image is stable, in mechanical optical and security implementations. Various CMYKIR
examples can be contemplated at www .infrared.net
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Introduction
While the subject of weather the serifs contributed to
readability was debated among the circle of theoreticians
and practitioners, not even the numerous empirical
research could provide a precise answer. The results of
many studies have pointed out that there is no difference
between reading the serif or sans serif typefaces (eg
(Paterson & Tinker, 1932; Poulton, 1965; De Lange, Esterhuizen, & Beatty, 1993). The results provided by certain
researchers could not be considered externally valid,
which some of the researchers themselves concluded
(Tinker, 1963; Zachrisson, 1965 prema Lund, 1999) since
they noticed great differences in readability within the
group of either serif or sans serif typefaces. Ole Land says
that the presence or absence of a serif could be an influential factor, but for the process of reading, a completely

ephemeral for measurement (Lund, 1999). A myriad
of other factors have been noticed as more significant
for both readability and legibility, such as: sizes of the
typefaces, line width, tracking, paragraph uniformity and
the relations of the text color–the background (Paterson
& Tinker, 1944; Tinker & Paterson, 1946); x-height, stroke
width, counterform (Paterson & Tinker, 1932; Cheetham,
Poulton, & Grimbly, 1965; Poulton, 1965; Poulton, 1972).
After a series of empirical findings from the first half
of the last century, and a stream of empirical findings
in the field of legibility and readability of typefaces,
little research has sustained a grounding theory. Since
the majority of psychologists do not possess sufficient knowledge of typography, their studies lacked
internal validity (Lund, 1999), whereas typography
scholars have published numerous ungrounded work
in their attempt to base the discourse stylistically and
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ideologically. Seen from our hindsight, providing the
theoretical framework for this field was less probable
without the cognitive information processing theory.
Numerous research regarding word superiority effect
support different hypothesis (Cattell, 1886; Reicher,
1969; Wheeler, 1970; McClelland & Johnston, 1977) but
only with the advancement of the eye tracking and
the neural network modeling in the ‘80s scholars were
able to obtain precise answers to the question: How we
recognize words? (Rayner & Pollatsek, 1989; McClelland
& Rumelhart, 1981; Seidenberg & McClelland, 1989).
The findings that the bottom-up processing in parallel
distribution (PDP) starts from feature level indicates
that if we want to progress the legibility of the typeface
we need to explore the feature level ie. feature distinctiveness. Therefore, this paper analyzes key findings on
legibility of letters within type which have been perceived as meaningful for designers and type practitioner.

theory, that would imply that the brain has a special
template for the handwritten or the calligraphic letter ‘A’
in its every shape, as well as the multiple variations of
the simple serif or sans serif letters ‘A’. That would mean
that each new sample is studied and stored every time
a letter or a pattern significantly differs from the existing
templates 1 . The main deficiency of the template-matching model is stated by Neisser, is that the matching process requires a previous stimulus normalization (adjusting
the stimulus to the prototypical position, size and orientation), and the suggestions of such a process in most
cases do not have a psychological or neurophysiological
validity (Neisser, 1966; as cited in Grainger, et al. 2008).
Despite the arguments against this theory as an alternative the model is favored by a few researchers. Larsen i
Bundesen (1996) have developed a program called Template-matching pandemonium that reconciled the differences between the two approaches recognizing different
handwritten numerals with a high degree of precision.

Letter recognition

A decade ago, a consensus has been reached in favor
of a more liberally interpreted analogy between the
pattern and its representation, therefore, the recent
empirical research are based on the structural approach
of the feature detection theory. Instead of observing
the entire pattern, the essence of feature detection is
in the assumption that the brain decodes distinctive
features that separate one pattern from the other.
Type designers, graphic designers and other practitioners are familiar with the notion that all of the glyphs
of the alphabet are defined according to this limited
number of strokes (the vertical, the horizontal, the
conjoining, the diagonal, the curved). The strokes that
compose them represent their distinctive features.

In the recent decades, theories have been developed
which show that the letters construction the words are
used for the recognition of the word. However, cognitive
psychologists also assume different approaches for letter
recognition that are actually used for research of the pattern recognition. Two main approaches to the problem
of letter recognition (or pattern) are the template-matching model and the feature detection model. These two
approaches are in accordance with the theory that the
mental representation has an array of common characteristics with the object, therefore that the recognition of
the pattern rests upon those common features. Still, the
differences are displayed within the operationalization or
formalization of the process of recognition (Kostić, 2010).
The first approach is derived from the assumption that
the representation native within the long term memory
matches a real world pattern i.e. that it has the same
structural features like the object of observation-recognition (Selfridge & Neisser, 1960; as cited in Kostić, 2010).
However, the chief problem this theory faces is explaining the wide variations of shape, or in this case the letters
contained within various typefaces and the handwriting
we are able to recognize effortlessly. According to this

The computational model poses the central hypothesis that the letters are recognized according to their
features was devised by Oliver Selfridge, in 1959 under
the name Pandemonium 2 (Selfridge, 1959). It was one
of the first computer models for pattern recognition
that represented a few levels of parallel processing.
Though it wasn’t perfect, the program was very influential for the development of other computationalmodels and the development of artificial intelligence.
The support for the Feature detection theory came
from neurophysiological studies. Hubel and Wiesel,

1 Explaining the deficiencies of this approach professor Kostić states the following: “The approach that is based on template-matching faces a problem of infinite regression of the representation of the presented object.”
2 The Pandemonium model can process patterns in four levels. Every level of findings procession obtains detectors of different graphemic patern.
Selfridge metaphorically calls these levels ’’the demons’’.The first image demon receives sensory stimuli. The processing starts at feature demons
level, the activation is produced at the cognitive demons level that ’’scream’’ when they receive certain feature combinations. The assemblies with
the largest number of activations received from the feature detection level, and also make cognitive demons scream the loudest, generate up to
the decision demon level. The decision making level is comprised of memorised assembled strokes that make up letter signs and some other signs.
3 Neisser determined capital letter ’Z’ as target letter within two matrix of letters: the matrix of letters with similar distinctive feature (I,
V, M, X, E, W), and the matrix of letters with different distinctive features in comparison to the target letter (O, D, U, G, Q,R, C).
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Haber & Schindler, 1981), bigrames or supraletter
features (Wheeler, 1970; Monk & Hulme, 1983),
Serial Letter Recognition to Parallel Letter Recognition (Wheeler, 1970; Monk & Hulme, 1983).

determined that certain neurons in the visual cortex
respond only to specific stimuli presented on the
part of the retina that these neurons cover. Generally, retinal neurons don’t respond to a simple illumination, though they do respond to ‘specifically
oriented line segments”(Hubel & Wiesel, 1979, as
cited in Sternberg, et al. 2008). The authors received
the Nobel Prize for their breakthrough findings.
In the study of Urlich Neisser (1964) the results support the theory of feature detection.Assuming that
recognition starts with identification of distinctive
features, the recognition will be more difficult if the
targeted pattern (targeted letter) is amongst other
patterns that share large number of distinctive features 3. The subject that participated in this study
found it less difficult to point target letter in the matrix
of letterswith different distinctive features. In other
words, identifying target letter in the matrix of letters
with similar distinctive features took longer and was
followed by numerous mistakes (Neisser, 1964).
The pattern recognition approaches described here
imply the bottom up processing. In other words, they
move from the basic units towards the more complex.
However, if the patterns that we have observed are
put into context i.e. we use letters to compose words
and sentences that convey meaning, we are faced
with an actual observation. Like any other pattern in
nature, the letters are rarely seen individually within
actual observation, but rather in a context that induces
their meaning. The researchers and typographers are
faced with a key question and problem; In what way
do we recognize words? Are the properties of the
letters themselves a key factor for word recognition or
are the words patterns we recognize by their distinct
features, in this case the graphemes, or are the word
and letter recognition within the word happening on
a much higher level – the top-down processing?

Visual Word Recognition
In the attempt to explain the reading process, the
cognitive psychologists have assumed a number of
models of visual word recognition, start from the
whole word recognition (Huey, 1908; Reicher, 1969;

A famous researcher in the field of psycholinguistics,
James Cattel was the first to discover the intricate effect
known today as the Word Superiority Effect (WSE).
The basis of the experiment was to display words to
the participants in a very short time interval (5-10ms),
thereby discovering a more accurate recognition of
letters. From this experiment Cattel deduced that words
are better recognized since they present whole units
that we can discern. The same effect was repeated in
Reicher’s(1969) and Wheeler’s (1970) research. The
results showed that letters were more easily and more
accurately recognized if they are within a context
rather than within a pseudo word or isolated. Based
on theresults a hypothesis was established that word
recognition includes long-term memory and word pattern recognition, as well as the word shape or individual parts (familiar letter units – supraletter feature).
Empirical results consistent with the word shape recognition method have been reached through experiments
in which the participants performed proofreading task
(Haber & Schindler, 1981; Monk & Hulme, 1983). The
experiments with the texts were conceived in such a
manner that all texts contain an equal number of: errors
within words that possessed a word shape 4 ,and the
errors within words that did not contain a word shape 5.
The results have shown a doubled probability to overlook
the errorsin words consistent by shape than errors in
words not consistent by shape but with a correctly
spelled word (Haber & Schindler, 1981). This backs up
the notion that we will miss these errors because we are
used to the shape a word is characterized by. However,
these results had an alternative interpretation. In the
attempt to prove that the error is being missed on
account of a confusion on a letter level and not on a
whole word shape level, a similar experiment (Experiment 1) has been conducted in a study entitled Word
Shape’s in Poor Shape for the Race to the Lexicon, Paap
et al. (1984). Their results show that the participants
made the most mistakes with words that had the same
word and letter shape as the original word (than-tban;
15% of mistakes) and with the words that had a simi-

4 Improperly spelled words which contained the word shape had the same schematic of the descenders and the ascender
(eg.‘test’ is a properly spelled word, while ‘tesf’ is an error consistent with the shape of a properly spelled word)
5 Improperly spelled words which did not maintain the word shape have a different schematic of the descenders
and ascenders (the properly spelled word is ‘test’, while the improperly spelled word is ‘tesc’).
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lar letter shape but different word shape (than-tnan;
19% of mistakes) while the least mistakes have been
made with the words that had the same word shape,
but different letter shape (than-tdan; 8% of mistakes)
and the words with a different word and letter shape
than the original (than-tman; 10% of mistakes). The
results show that the demonstrations of the word shape
effect (Haber & Schindler, 1981) and the supraletter
effect (Monk & Hulme, 1983; Wheeler, 1970) from the
previous studies has to be assigned to the effect that is
pointed to because of the features of individual letters.
Furthermore, Paap et al. (1984) in this study indicates of the many noise factors and the lack of the
internal validity for different studies in which the
hypothesis stating that the word shape eases the
lexic entry is distorted by using the lower-case and
the upper-case letters and thereby challenged. Therefore, Paap et al. through a series of three experiments
(one tachistoscopic and two lexic decisions) “which
evade the trap related to abnormal transformations”
disproves another argument by Haber and Schindler (1981) that the effect of the word shape corresponds to the well know high-frequency words.
Revising the earlier and analyzing the newly obtained
research results, Paapet al. assume possibility that “fast,
automatic word recognition is mediated by the activation
of abstract letter identities. Because the bottom-up activation of abstract letter units would have to be driven by
the detection of infraletterfeatures, supraletter features
like length and shape may have no influence on automatic word recognition” (Paap, Newsome, & Noel, 1984).

Parallel Letter Recognition
Despite the convictions of many psychologists and
typography practicioners, that word and letter
patterns are of essential importance for word recognition, in recent decades a new favorizedmodel
that points out that along with the causality of the
semantic, syntaxic and phonological restrictions of
recognition, grapheme recognition occurs through
Parallel Letter Recognition within the word itself.
According to the PLR model, the letters within words are
recognized at the same time, and the letter information
(i.e. the characteristic glyph features) are used for word
recognition (McClelland & Rumelhart, 1981; Rayner &
Pollatsek, 1989). For example, a participant was displayed
the word “WORK”. The first step is the letter feature
detection (the horizontal, vertical and diagonal strokes,
etc.). These features are then sent to the level where
every letter from a word is recognized simultaneously.
After this comes the word detector level (Figure 1). So
the final level involves the word detectors that function
in the same way as the letter detectors, identifying features, in this case letters and combining them into words.
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»»Figure 1: The letter ‘d’, for example, triggers activation of all the words that have this letter as their first
letter, the letter ‘a’ of all the letters that have this
letter as their second letter, etc. If a certain word has
the most activations from the letter detection level
(among the displayed words), that word is postulated as predefined, in this example the word ‘dark’.

What happens at the word detector level is not exactly
identified or clear. However, it is clear that there is a
secondary process occurring parallel with the bottom-up
processing at the word detector level that consists of
the top-down lexical stimulus processing depending
on the context (McClelland & Rumelhart, 1981). The
Parallel distributed processing – PDP in the PLR model
explains the WSE. While the letters individually need
to be exclusively identified by the information gained
from the letter detection level, words gain information
from both word and letter detector levels, which gives
the words a greater advantage to be recognized than
and individual letter (McClelland & Rumelhart, 1981;
Rayner & Pollatsek, The Psychology of Reading, 1989).

Neural Network Modeling
McClelland & Rumelhart have made the first connectional model of processing individual words under the
title of Interactive Activation Model (McClelland &
Rumelhart, 1981; Rumelhart & McClelland, 1982). The
basis of this model is the biological principle. McCulloch and Pitts (1943, 1947; as cited in Larson, 2005)
have shown that the neurons gather the data of other
neurons. The neurons are connected by the so called
synapses. The strength of a synaptic link (determined
by the data flow through it) increases during the
indication of an excitation event and decreases during
the indication of an inhibiting event. When a neuron
receives more excitation signals, it becomes active.
Figure 2 illustrates the processing method of this model.
Unlike the former in which the links were pondered
in advance through the insight into the characteristics
of the stimulus, the Seidenber and McClelland model,
despite having some characteristics of the former one,
does not start of from the apriori values provided by
the ponders, but rather they increase by increasing

the number of iterations. This represents the core of
the learning principle and bases on the notion that
if the information that arrive from the synapse are
important, the connection between the two neurons
becomes physically stronger and if the information is
less important or completely unimportant, the connection becomes weaker or even severed (Hebb, 1989).

»»Figure 2: McClelland & Rumelhart’s Interactive
Activation model, letter shape nodes that are contained in letter T and other interconnections. In this
example only two knots from the left were activated
because they contain horizontal and vertical strokes
characteristic to the letter T; the links are excitatory
and therefore represented by an arrow. Three knots
to the right are the inactive part because they do
not match the strokes of the letter T. These links are
inhibitory and are therefore represented as circles.
Every knot on the shape detection level is connected
to other knots on a shape detection level. The letters
A, T and S in this example receive excitatory activation
from the two knots to the left in the previous level
because for all three letters of this font the characteristic trait is the horizontal stroke. According to the
information gathered by the shape detector, the knot
with the letter T is the most active because it receives
the greatest amount of excitatory activation. The letter
T sends the most excitatory information afterwards
with words beginning with the letter T, while the
inhibitory activation is being sent through other words.
Then the knots with active words send the inhibitory
activation through all other words and letters and the
excitatory activation only to the knot with the letter T.

The researchers of this field of studies, McClelland,
Seidenberg, Plaut and Patterson, have made a significant contribution to the development of the
neural network model of reading by which we explain
numerous processes during reading. Later models
contributed to a more precise explanation how the
graphemic information can be transformed to phonological information, emphasizing the importance of
this process as the key element of word recognition.

Empirical findings on differentiation of letters
One of the most constructive/beneficial researchers
from the early stages of legibility research, Miles Tinker,
in his book Legibility of print (1964, as cited inBeier,
2009) he summarized the findings from the research
concerning relative legibility of the letters of the
alphabet from 1885 up to 1928. The relative legibility of
the letters of the alphabet during this period had been
researched by many methods (short exposure, distance,
parafoveal vision) whereby the results acquired were
expected to be different. However, Tinker grouped
the findings that were consistent with seven studies.
Among the most legible letters, the following were
selected:‘d’, ‘m’, ‘p’, ‘q’, ‘w’;letters of mediocre legibility:‘j’, ‘r’, ‘v’, ‘x’, ‘y’; least legible letters: ‘c’, ‘e’, ‘i’, ‘n’, ‘l’
(Tinker, 1964; as cited inBeier, 2009). After examining
the studies, Tinker concludes that some letter features affect the legibility of the typeface. In his view,
ascenders i.e. descenders of letters ‘d’, ‘b’, ‘p’, ‘q’, i ‘k’
make these letters the most distinguished. His findings
differ from recentfindings which will be discussed later
in the paper (cf. Courrieu, Farioli, & Grainger, 2004).
Letterrecognition research, i.e.feature distinctivness,
gained popularity with the emergence of the information
processing theory. The confusion matrix is a traditional
method of research of the distinctive letter features.
A typical experiment for generating confusion matrix
consists of isolated letters which are presented in the
constricted conditions (short exposure and/or energy
masking) and that can lead to the problem of identification. Error rate (e.g. reporting letter F when letter
E is displayed) indicates that visual similarities are the
result of the common features whereanalyzing confusion
patterns the group of features that help identify letters
is revealed (e g, Bouma, 1971; Geyer, 1977; Gilmore, et al.
1979). Among the 70 studies of this subject published so
far, feature lists for Roman letters have been formed, that
usually consist of lines of different directions or curvature (Grainger, Rey, & Dufau, 2008). The first accurate
description of distinct features of the capital letters of
the Roman alphabet was given by Eleanor Gibson at the
end of the 1960’.Gibson discusses a list of 12 distinct
features through four descriptive factors: the straights,
the curves, redundancy, discontinuity (Gibson, 1969, as
cited inGeyer &DeWald, 1973). Keren and Baggen (1981)
discover 14 distinct features of the capital Roman letters,
according to the confusion matrix reported by Gilmore
(1979). The different estimated values imply that some of
these 14 features are more significant than others. The
highest estimated values are for the following features:
(3) parallel vertical lines, (6) single straight vertical line,
(10) diagonal lines that are not diagonal lines (excluding those that are between parallel straight lines), (14)
nonclosed letterstanding on a borad base. However,
none of the above mentioned feature lists (Gibson, Geyer
&DeWald, Keren&Baggen) can be considered widely
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applicable because each one of them is only valid for a
specific stimulus i.e. a font used in the research, making
the findings of these researchers inconsistent in a good
measure, which is the subject of discussion in this paper.
In the legibility study of the Cyrillic and Roman letters,
Rot and Kostic (1987) have conducted four experiments
in which the legibility of individual capital and lowercase
letters was explored. In their work Rot and Kostic emphasize that during the consideration and definition of the
recognizablefactors of letterforms, they start with the
assumption that the factors need to be mutual for both
alphabets, in other words they have focused on discovering the global parameters. A study was conducted in
the quest to answer the two basic questions: a) Are there
letters in both Cyrillic and Roman alphabets that are relatively consistently legible, i.e. less legible than others, b)
which grapheme characteristics influence their legibility?
Measuring the response times for a given stimuli, the
authors have concluded that the most legible Cyrillic lowercase letters can be categorized by the following order:
‘љ’, ‘ж’, ‘ш’, ‘њ’, ‘т’, ‘к’, ‘и’, ‘ц’, ‘о’; while the least legible
would be ‘б’, ‘в’, ‘р’, ‘ч’, ‘с’, ‘з’. The most legible Roman
lowercase letters are: ‘j’, ‘k’, ‘č’, ‘i’, ‘o’, ‘ž’, ‘r’, ‘š’, ‘f’, ‘e’, ‘t’;
and the least legible: ‘b’, ‘g’, ‘đ’, ‘u’, ‘dž’, ‘h’, ‘v’, ‘l’, ‘a’.
The results of the legibility studies of the capitals show
that the most legible capital letters of the Roman alphabet range in the following order: ‘Š’, ‘O’, ‘A’, ‘K’, ‘E’, ‘L’,
‘S’, ‘M’, ‘R’, ‘T’; and the least legible are ‘H’, ‘C’, ‘B’, ‘P’,
‘DŽ’, ‘LJ’, ‘F’, ‘Č’, ‘V’, ‘J’. The most legible Cyrillic capitals
are ‘Ш’, ‘Л’, ‘Њ’, ‘А’, ‘Е’, ‘М’, ‘О’; and the least legible
are ‘Х’, ‘Ц’, ‘У’, ‘Џ’, ‘Ф’, ‘Н’, ‘З’, ‘В’, ‘Ђ’, ‘И’, ‘Р’, ‘Б’, ‘Ћ’.
Making a qualitative analysis of the results of this
study, Rot and Kostic (1987), draw a conclusion that
the legibility of the letters greatly depends on their
graphemiccharacteristics, and the most important
difference determinant of the legibility is defined by
the dimension of the straight and curved lines. “The
straight lines, especially the vertical ones and with them
the straight and sharp corners, are the most important factor of greater legibility” (Rot & Kostić, 1987).
Alongside this, the legibility is influenced by the special
letter parts perceived as additions, such as the diacritic
symbols found in the letters ‘č’, ‘š’, ‘ž’, and the letters with
a point above them like ‘j’, ‘i’, and the lateral additions
of the letters ‘њ’, ‘љ’, ‘ц’. Therefore, the discontinuity
of the line as a factor and the factor of the asymmetric
form, as well as the factor of the unusual form compared to the other letters (for example ‘ж’, ‘ш’, ‘Ш’, ‘S’).
The given results are somewhat in accordance with
the Keren&Baggen results (1981). These authors also
emphasize the presence of the straight vertical lines
as the necessary characteristics for discerning of the
graphemes. Rot and Kostic state that the factors that
decrease the letter identification are the curved strokes
andgraphemic similarity (found in letters such as ‘b’ and
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‘d’), that is the decreased legibility is pronounced by
graphemic complexity (the digraphs characteristic of the
Serbian and Croatian Latinalphabet: ‘lj’, ‘nj’, ‘dž’) a weaker
visibility of the discernable parts (for example: ‘l’, ‘v’, ‘ć’).
which is to some extent in accordance with the findings
of recent studies. (cf. Courrieu, Farioli, & Grainger, 2004).
Courrieu et al. (2004) exemplify a simple, precise and
mathematically based method of measurement of the
similarities of the letter pairs based on the response
time of the participant to these stimuli. The participants
had a task to respond by pressing a button each time
they were presented with a different stimulus, and not
to respond each time they were presented a same or
similar stimulus (go/no-go task). All of the lowercase
Roman letters were shown in Arial size 12pt and with
them a 27x27 matrix was formed so that all the combinations of letters were made. The authors of this
work using Principal component analysis (PCA) come
to a categorization of the letter characters into classes
of similarity of letter properties, contrast classes as
well as the most characteristic features of the class.
The authors define 25 dimensions, for each of the
dimensions a single main class of feature similarity and a
contrast class with the prominent similar feature for each
main class. A contrast class encompasses a character set
that do not share a similar feature as the main class.
Courrieu et al. (2004) present the following classes:
1. Main class of feature similarity—a circle
with an ascender or descender(‘b’, ‘d’, ‘g’,
‘p’, ‘q’); main contrasting class (‘r’, ‘s’, ‘x’)
2. Small curvilinear shapes (‘a’, ‘c’, ‘e’, ‘o’,
‘s’); contrasting class (‘h’, ‘k’, ‘y’)
3. Repeating vertical strokes class (‘m’, ‘n’,
‘u’, ‘w’); — (‘f’, ‘i’, ‘j’, ‘l’, ‘p’, ‘q’, ‘t’)
4. Asubclass of the first class with
ascenders (‘b’, ‘d’); — (‘g’, ‘u’)
5. V-shaped class (‘v’, ‘y’); — (‘h’, ‘u’)
6. An ascenderwitha horizontal bar(‘f’, ‘t’); — ()
7. The n-shape class (‘h’, ‘n’); — (‘v’, ‘z’)
8. Four corners and square diagonal class (‘x’, ‘z’);— ()
9. The i-shape class (‘i’,‘j’);— (‘w’, ‘y’)
10. Reversible two storey ‘a’ class (‘a’, ‘g’); — (‘q’)
11. The upper left arc class (‘c’, ‘r’); —
12. The character with the same but interrupted stroke class (‘i’, ‘l’); — (‘x’)
13. Sigmoid shape class (‘s’, ‘z’); — (‘u’)
14. The subclass of the first class with the left
rounded segment (‘b’, ‘p’); — (‘c’, ‘d’, ‘f’)

The remaining 11 classes refer to the other distinct
features of the individual characters (i.e. letters).
Using the Bubbles Classification Image Technique Fiset,
et al. (2008) discover which parts of the individual

glyphs are most important for their recognition. The
studied typeface was Arial. Their study provides evidence that the terminals of the glyphs are the features
most important for letter recognition. The authors also
emphasize that it is exactly these terminals that assist
the reader to differentiate between the visually similar
characters. The logics behind the Classification Image
Technique are simple. If we deprave the observer of
the visual information necessary to perform a task by
masking them, this will greatly diminish his performance. In contrast, if we deprave him of information
non-essential for performing a task, his performance
will be undisturbed. For example: to make a difference
between the letters ‘F’ and ‘E’, the information necessary
is in contained within the lower part of the letter. If we
conceal the lower part of the letter ‘E’, there will be no
difference between these two letters. However, if we
conceal the upper part of the letter ‘E’ the difference
will be visible, and the observer will clearly recognize
the difference and which letter is in question. The
authors have made 213 masks containing the following 10 features for each of the letters of the alphabet:
(1) verticals, (2) horizontals, (3) Slants Tilted Left, (4)
Slants Tilted Right, (5) Curves Opened Top, (6) /Curves
Opened Bottom, (7) Curves Opened Left, (8) Curves
Opened Right, (9) Intersections i (10) terminations.
SofieBeier has sumarized the findings of five studies in
her dissertation Typeface Legibility:Towards defining
familiarity (2009) with the focus on the misrecognition
of the lowercase letters. Comparing the findings of
Sanford, Bouma, Tinker, Geyer and Dockeray, she states
that the different typographic alphabets were used as
stimuli, therefore, the misrecognition of the letter pairs
were inconsistent between the compared findings. Other

than that, Beier points out that with the review of the
data an error repetition pattern is noticeable with the
two main groups of the problematic letters. One group
is the letters whose x-height and standard width are the
same, different only by their straight and curved strokes
(‘e’, ‘c’, ‘a’, ‘s’, ‘n’, ‘u’, ‘o’); the other group consists of the
narrow lettes with one vertical stroke and small width (‘i’,
‘j’, ‘l’, ‘t’, ‘f’) (Beier, 2009). These differentiated groups
of letters will be the subject of her further research.
Inspired by the differentiation theory given by Legros&
Grant (Legros & Grant, 1916), and significantly later
common skeleton model proposed by Adrian Frutiger
(1998, pp. 202,203), Beier considers the shapes of the
skeleton variations as the subject of her study (Beier &
Larson, 2010; Beier, 2009). For research purposes, she
designs three typefaces: a serif, a sans serif and a pseudo-serif (Pyke, Ovink, Spencer) with the same skeleton.
Beier and Larson (2010) have tested numerous hypotheses with these two carefully prepared experiments: short
exposure and distance viewing. With the short exposure
experiment in the conditions when the stimuli were
placed within the foveal area of vision, no recognition
errors were detected, which made the subject of their
study the conditional identification errors at the parafoveal area. In the effort to discover the most optimal
differentiation of letters with a similar skeleton, they
tested the following hypotheses with designed stimuli:
•

Horizontal bar on sans serif letter ‘i’ used
to emphasize the division of the stem from
the dot, which made them expect a better
legibility in comparison to the sans serif letters without horizontal bar. The hypothesis was confirmed for distance viewing.

»»Figure 3: The skeleton and the variations of the skeleton viewed in three different fonts designed
by SofiBeier (reproduced, from Beier& Larson, 2010, with the permission of the author).
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Greater differentiation of the letters ‘u’ and
‘n’ should provide better legibility. To test this
hypothesis Beier designs variants for these letters:
tailless ‘u’ and variations for both letters with a
pronounced difference in the height of the junction stroke. This hypothesis was not confirmed.
• According to the Gestalt psychology, our perceptive system tends to close the incomplete shapes
by filling the gaps (The Law of Closure). Guided by
this theory it might be expected that the smaller
aperture of the letters ‘c’ and ‘e’ increases the
risk of an error, by closing the gaps and recognizing them as the letter ‘o’. The closed apertures
hypothesis was tested with many other versions
of the letters ‘e’and‘s’ and the two-storey‘a’. The
closed apertures hypothesis was only confirmed
in the case of the letter ‘e’, where the stimulus
‘e4’ recorded far greater identification errors
than the other letters. The authors think that the
hypothesis isn’t confirmed in case of the letter
‘s’, they assign considerable differences between
the variants of the letters to the difference in the
spine of the letter. The varaint of the letter ‘s1’
has a diagonal spine and a big closed aperture
while the variant ‘s2’ has a rounded spine and
a closed aperture. The authors state that this
finding is inconsistent with the earlier findings of
the typography researcher G.W. Ovink (cf.1938, as
cited in Beier, 2009), whch increases the doubt in
the precision of the interpretation of this result.
• For the one-storey‘a’ a lower legibility was
expected compared to a two-storey‘a’ and a
misrecognition of the letter ‘o’. The hypothesis was
confirmed and frequent identification errors were
recorded, i.e. the confusion between the onestory letter ‘a’ with the letter ‘o’ and the letter ‘q’.
• The narrow letters ‘l’, ‘f’, ‘t’,‘j’ i ‘i’ take up little
width. If their image was to expand, greater
legibility would be expected. For these letters
there is a wide and a narrow variation. This
hypothesis was confirmed for the letters ‘j’, ‘l’
i‘t’, in the case of the pseudo-serif font (Spencer) it was confirmed for the letter ‘f’ while the
letter ‘i’ has no clear value in a widened form.
•

Discussion
According to the authors, the first epistemological study
of the construction of typographical knowledge, Ole Lund
(1999) has discovered that within 26 of the examined
readability studies (out of 72 published in total until
then) each one of them lacks internal validity, besides
the various methodological errors. With the exception of a few researchers, the most commonly noticed
deficiencies were inadequate usage of the typographic
stimuli which according to the author largely stems
from the insufficient knowledge of the domain and the
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matter of the typographic design. Lund concludes that
the effort invested in the 72 research studies of the type
face legibility studies based on the various operational
methods, has not come to fruition, hence we cannot
consider that the typographic knowledge has been
expanded nor that certain theories have been clarified or
set according to the empirical results gained. However,
the contribution of the revised studies vary according
to quality, states Lund. He emphasizes that the studies
of English, Zachrisson, Harris, Vanderplass and de Lange
are interesting and rational but not without flaw (English
1944, Zachrisson 1965, Harris 1973, Vanderplas and
Vanderplas 1980, and de Lange, as cited in Lund 1999).
Besides these, Lund points to the fruitful researchers
such as Tinker, Peterson as worthy of mention and
with an impressive and imposing research program.
The choice of different types of stimulus (typefaces), and
yet again their inadequate manipulation in the studies
of feature detection with confusion matrix method,
have led to inconsistencies among the results between
numerous studies. Consequently, this has slowed down
the progress of finding the ultimate list of distinctive
features of the letters – the key to letter recognition.
Even though many scholars were aware of this, some
still compared their results to the results of others and
published their findings with inconsistencies neglecting
the fact that their stimulus was different (cf. Geyer, 1977;
Bouma, 1971). Nonetheless, oversights of this kind have
caused scholarly discussions and quolitative analysis of
the confusion matrix findings. In his study, Geyer (1977),
argues that previous results of the confusion matrix even
for the lowercase of the alphabet in the Boume study
(1971) unconvincing. He suggests that we must consider
comparison of the results of the foveal and eccentric
field of vision, based upon the performance of the
identification, as an empirical question. In the attempt
to present the answer to this question, Geyer compared
confusion matrix of the eccentric field of vision published
by Bouma (1971) to the confusion matrix of the foveal
vision from his findings (Geyer 1977). Apart from the
differencies in the data analysis, Milloy (1978) provided
a detailed review based on a drastic difference in the
choice of stimulus. Milloy points out obvious difference
between typefaces Courier 10, used by Bouma in his
study, and Tactype Futura demi 5424, used by Geyer. The
differences such as: the amplified (slabbed) serif typical
for the Courier typeface, and the lack of the serif in the
Futura typeface; the two-storey ‘a’ in contrast to onestorey ‘a’; noticable similarities of the one-storey letter
‘a’with the letter ‘o’ ofthe Futura typeface; and many
other not listed by Milloy but mentioned by Beier (2009)
are sufficient enough not to consider the findings related
to this matter and published by Geyer as fully grounded.
Analyzing the findings of five studies with the focus on
the misrecognition of lowercase, SofieBeier manages to
single out the pattern of the repeated error for the two
main groups of the problematic letters. The deviations

in confusion matrix findings of Baume (1971) and Geyer
(1977), as well as the deviations of these two authors in
comparison to the findings of Sanford, Tinker and Dockeray, are very appealing for detailed analysis. Namely,
Beier argues that the characteristics such as amplified
serifs and monospaced characters of the tested typeface
(Courier) in the Boume study (1971) had been crucial for
errors in some letter pairs for which other studies do
not recogniseany deviations. This observation logically
explains that the uniform width of the character may
have been the cause in the misidentification of the letter
‘n’ with the letter ‘m’, as well as the letter ‘v’ with the
letter ‘w’. Contrary to this finding, we recognize the serif
feature as oversight which caused misidentification of
the letter ‘g’ with the letter ‘q’, considering these two
characters have very similar skeleton of the letter i.e.
in this typeface the letter ‘g’ is one-storey (Figure 4).

»»Figure 4. Lowercase ‘g’ and ‘q’ of the typeface Courier

That does not exclude the effect of the amplified slabserif, yet certainly this is not considered as the feature
that had caused the error in the first place. Additionally,
findingsof Courrieu et al. (2004) supports this assumption. Similarities that caused the error should be perceive
as essential for further scholarly research, but also for
the research of type design practitioners. In their study
Courrieu, Farioli, & Grainger (2004) applying the factor
analysis (PCA) have arranged the letter ‘g’ into the main
similarity class along with the letters ‘b’,‘d’, ‘q’, ‘p’, where
the common feature is specified as ‘a circle with an
ascender or descender’. Thereby, Courrie, et al. in the
tested font (Arial) identify that „the graphic realisation
of the letter ‘g’ is the one that looks like ‘q’ and the
digit ‘9’ (in other words one-storey ‘g’).The findings of
Courrieu et al. along with most common misrecognition
(31% confusion) of the letter ‘g’ and ‘q’ in the study of
Boume (1971) imply an inquiry to why Beier and Larson
(2010) didnt’t find interest in testing skeleton variability
of the two- storey and one-storey letter ‘g’ allograph. We
believe that this issue must be considered as empirical.
Faced with the inconsistencies among the findings of
other scholars, Beier considers certain findigs of Geyer
(1977). Beier implies that the straight stem (without
typical curving at the bottom) had probably increased
chances why subjects misrecognized the letter ‘t’ during
short exposure with the letters ‘i’ and ‘l’. As stated
before, the unusual choice of the tested typeface (Tactype Futura demi 5424) in this study had caused different

errors in letter recognition. The unusual character of
the letter ‘t’ of this typeface had been highly reduced
presenting kind of an idiom or “idiosyncracy”. Geyer was
aware of the fact that there is variability in the configuration of lowercase letters among different typefaces, and
that is actually a function of certain typographic style.
He believed that the cause of this variability is the level
of “ornateness’’. Therefore, he tried to find appropriate
stimulus for his experiment which in his opinion would
“…minimised the influence of any particular type style
idiosyncracy”and chose Tactype Futura demi 5424.
Futura typeface (designed by Poul Renner) is the typical
example of the elementary-constructivistic early German
modernism which would explain why this typeface,
in its idiosyncracy, among other things, is aestheticaly
different. In his book “New Typography”, Tschichold
(Tschichold, 1928/1995)pointed out: “All the attempts
up to now to produce a type for our time are merely
‘improvements’ on the previous sans serifs: they are
still too artistic, too artificial, in the old sense, to fulfil
what we need today”. This was generalised comment on
typeface designed in this manner. Like many experimental psychologists before him, Geyer was not educated
proparly in the field of typography in order to deal with
this problem. Still, his findings are considered interested for examining this group of sans serif typeface
that have a new shape of the skeleton as their common
feature, besides upfore described features – one-storey
letter ‘a’ i.e. allograph of this character, and one-storey
letter ‘g’ (previously mentioned allograph). Sanford,
Dockeray and Tinker in their research used antique
typefaces as stimulus which made their findings more
consistent according to which Beier (2009) was able to
define a pattern of continuous letter misrecognition.

Conclusions
After a breakthrough in information processing theory,
researchers were able to present significant findings on
letter recognition i.e. letter distinctive features within
a typeface – alphabet. Numerous research consulting
confusion matrix (Bouma, 1971; Geyer, 1977; Gilmore,
Hersh, Caramazza, & Griffin, 1979; Keren & Baggen,
1981; Geyer & DeWald, 1973) provided qualitative and
significant findings which were helpful in many ways
– with the development of eye tracker device and
neural network modeling (McClelland & Rumelhart,
1981; Seidenberg & McClelland, 1989; Rayner, 1998)
these findings were beneficial in presenting precise
answer to the question: How do we recognize words?
Further research provided groundwork for the pattern
recognition theory. However, foundation for the theory
of readability and legibility of typefaces fundamental for
typographers and type designers was made possible with
the findings of Rot and Kostic (1987), supported by the
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study of Courrieu et al. (2004); epistemological study of
typographic design knowledge by Ole Lund (1999); the
findings most prominant for type designers were in the
studies of Beier and Larson (2010; 2009) which propose
new aproach to legibility research of the type letters, and
they also, in great extent, certify some feature styles as
more legible than others. Not in the least less important
within this field were the findings of familiarity, commonality, and font tuning (Sanocki, 1987; Sanocki, 1992;
Walker, 2008) which by its nature of its scope could not
be reviewed in this research (see Sanocki & Dyson, 2012).
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Aplicability of golden ratio rule
in modern product design

Abstract
This paper presents research regarding application of golden ratio rule
in field of product design. The rule was applied to the design on vacuum
cleaner, as it is a common and widely spread product. The aim of this paper
is to research possibilities of applications of the rule in modern design. In
order to determine consumer’s subjective aesthetic judgment of products
designed by directly applying golden ratio rule, one vacuum cleaner was
designed in that manner. Results for consumer’s subjective aesthetic preference were compared to results for other differently designed vacuum cleaner
models present in the market today. Factors used were age, gender and
level of education of participants (typical consumer). The results showed no
statistical influence of age or gender factors. Statistically significant differences were noticed for level of education factor, between participants with
high school diploma and university diploma. It was observed that product designed using golden ratio rule received higher marks regarding aesthetics in
case of participants with university diploma. It can be concluded that golden
ratio rule can be applied in field of product design, equally successful as in
the other art fields where it is commonly used, but consumer demographics
must be taken in to consideration, especially education level.
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Introduction
Today manufacturers place their products on highly competitive and dynamic markets. Products life-cycle span is
often uncertain and it is difficult to achieve long lasting
popularity of the product. Not only fast and efficient
production and functionality of the product is required
for the market success, but the product also has to be
enriched with highest possible creativity to make it more
interesting and appealing to the consumer. Using design
elements wisely designers can achieve solutions superior
to the competition and therefor ensure bigger market
share for the product. Creativity plays big role in process
of product development (Hsiao & Chou, 2004). Having
that that in mind, while using innovative ideas it is necessary to know the fundamental principles of design to
achieve optimal results. With combination of commonly

known rules and new ideas it is possible to get a harmonious yet innovative product form. In modern marketing
a good product design is recognized as an opportunity
and advantage. Product appearance affects customer
choice in several ways: aesthetic communication, symbolic, functional and ergonomic information, attention
attraction and categorization (Creusen & Schoormans,
2005) (Markowsky, 1992) (Crilly & Clarkson, 2004).
The golden ratio, also called the golden mean, divine proportion, golden section, golden number and etc. is precisely defined in mathematics and thoroughly examined
discussed in many books and articles as a rule of achieving the pleasant and aesthetic form (Stakhov, 2005).
Rule of golden ratio have achieved the status of common
knowledge in art and design. The use of the golden ratio
is not rarity even in design of today’s industrial products
and it is proved that those rules contribute to improve-
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ment of aesthetic impression that a product can have on
potential consumer (Hsiao & Chou, 2004) (Disneya et
al., 2004) (Bloch, 1995) (Noble & Kumar, 2010) (Khalid &
Helander, 2006) (Crilly & Clarkson, 2004). On the other
hand there is ongoing discussion about misconceptions
about golden ratio rule as a result of the repetition of
the same errors by different authors (Markowsky, 1992).
The golden ratio is the result of dividing a line segment
so that the ratio of the whole segment to the larger piece
is equal to the ratio of the larger piece to the smaller
piece, called division in extreme by Euclid (Smith, 1953).

b)

c)

In case of rectangle with height h and width w, the h to w
ratio is the same as ratio w to sum (h, w) (Emery, 2006):

With assumption that h=1,

d)
By solving the equation 2, golden ratio (equation 3) can
be calculated (Noble & Kumar, 2010) (Emery, 2006).

Figure 1 shows an illustration of the relation presented
in equations 1 and 2, while Figure 2 shows some
shapes constructed by applying golden ratio rule.
»»Figure 2: Golden ratio examples: a) Pentagram, b)
Golden spiral, c) Golden triangle, d) Ptolemy pentagon

»»Figure 1: Golden rectangle page relation

As a result of quick fashion changes and coexistence of
multiple different styles simultaneously lifetime of the
product is reduced. Aesthetic value of the product and
the ability of the product to attract consumers’ attention
during the first contact is gaining increasing importance
in the market (Crilly & Clarkson, 2004). The external
appearance of the product is primarily responsible for
the first impression that customer gains for the product.
Vacuum cleaner was chosen as a typical industrial
product that can be shaped in variety of forms. Large
number of these devices is present on the market today,
some of them achieved market success by emphasizing
the functionality and on the other hand some emphasize
aesthetics of the product. According to traditional attitude - success of a product depends on its functionality,
usability, but nowadays it is possible to find a group of
products whit aesthetics is a priority, but that does not
ratio that it shall result in reduced functionality. Some
products fail to do either and usually fail as a product all

a)
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together, costing the manufacturer not only the invested
resources but also damaging their reputation. The
most successful products combine these two features
and provide a sense that the product is completing
and enriching the living space while retaining seamless
functionality. Two extreme examples are Dyson and
Dirt Devil vacuum cleaners designed by James Dyson
and Karim Rashid respectively. Dyson vacuum cleaner
is designed in such a way to highlight functionality and
features of the device. Dirt Devil is a completely different
end of the spectrum where the design is absolutely
subordinate to aesthetics of the product (Figure 3).

(Figure 3), was directly applied to the design of a
vacuum cleaner to be used in the experiment.
By drawing arcs 1, 2, 3, etc., and their bonding, golden
spiral is constructed as shown in Figure 4. The starting point (pole) of the spiral is located at the intersection of the diagonals AC and DF of two largest
rectangles: ABCD and CDEF (Sharp, 2002). Design
of the vacuum cleaner derived from this process is
shown in Figure 5 with orthogonal projections in
black and white colors. Main objective of this paper
is shape of the device so influence of the device
colours are not examined, but it is possible to use
various colour combinations in satisfactory manner.

»»Figure 3: Dirt Devil (up) and Dyson
(down) vacuum cleaner renders

The aim of this paper is to determine the consumer’s
preferences regarding aesthetics of the product and
exploring possibilities of using the golden ratio rule
in the design of modern industrial products. Golden
spiral, which is derived from the golden rectangle
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»»Figure 4: Golden spiral construction

»»Figure 5: Vacuum cleaner design proposal using golden spiral

Figure 6 shows typical design solutions of vacuum
cleaner from worldwide recognized manufacturers present in the market today. All vacuum cleaners fall under
the same category¬ floor vacuum cleaners of contempo-

rary design and none of them was designed using golden
ratio as a main design element. Those designs were used
as a stimuli for construction of the survey instrument
used in the experiment. Experiment was devised so that
it offers insight in to the typical consumer subjective
aesthetic judgment. Consumer’s aesthetic preferences
were compared between the vacuum cleaner design
dominated by golden spiral shown in Figure 5 and
vacuum cleaners designed without significant influence
of golden ratio rule shown in Figure 6 numbered 1 to 5.

1.

2.

3.

4.

5.

6.

»»Figure 6: Typical models of vacuum cleaner solutions: 1) Dyson dc19t2i (United Homestores
[Online], 2012), 2) Hoover xarion tav1620 (Appliancist [Online], 2012), 3) Philips marathon vacuum
cleaner (InventorSpot [Online], 2012), 4) Samsung vcd-9451s32 (TechnoMarket Serbia [Online],
2012), 5) NEO fc 218 red (TechnoMarket Serbia [Online], 2012), 6) Proposed model
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Method
In this paper, a study was conducted with the purpose
to determine the subjective aesthetic preferences of
consumers with regard to household appliances, vacuum
cleaners in this case. Subjective aesthetic judgment for
the proposed model (figure 5) was compared to the 5
existing models of the same class vacuum (figure 6).

Participants
The study was conducted by interviewing 48 participants of whom were 21 men and 26 women,
aged between 22 and 62 years (one participant was
eliminated because it did not complete the survey).
Participants provided information about their level
of education as follows: ue – university education
and he – high school education, age and gender.

aesthetic appeal of all 6 vacuum cleaner models, the
existing 5 and the sixth designed strictly applying the
golden ratio rule. Participants graded the products
according to subjective aesthetic preferences ranging
from 1 to 7, where 1 is the lowest and 7 the highest grade.
Collected results were placed in the matrix suitable
for statistical analysis. Dependent t-test for paired
samples and one way anova test were used. Dependent t-test was used in case of analyzing aesthetic
judgment of all existing vacuum cleaners paired
with proposed design, while one way anova test was
used in case of age and gender impact analysis.
In the results section of this paper, existing models
of vacuum cleaners will be presented using numbers 1 to 5 and proposed vacuum cleaner design will
be marked with number 6, as shown in Figure 6.

Results and discussion

Procedure
Instrument for survey was one a4 size paper containing survey question and printed images of 6 vacuum
cleaners used as stimuli, all of them shown in figure 6.
All images shown to participants were printed in gray
scale, in order to eliminate the effect of colour preference and isolate effect of the product shape. Products
were striped of any manufacturer trademarks also.
Random arrangement of stimuli was assured for all of
the surveys participants. Each participant evaluated

Using dependent t-test for paired samples, variances
from the subjective aesthetic judgment for the proposed and existing models of vacuum cleaner were
compared. The results are presented in Table 1.
Statistically significant differences between the proposed vacuum cleaner model and other models, the
level of confidence set at p <0,05. Table 1 shows the
mean values and it can be noted that the approximate each other, but still are statistically different.

Table 1
Summary of statistical differences between the subjective aesthetic judgment of vacuum cleaner pairs

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5

Vacuum cleaner model
6
5
6
4
6
3
6
2
6
1

Mean
4.30
3.36
4.30
3.68
4.30
4.98
4.30
4.98
4.30
4.96

St. dev.
1.08
1.21
1.08
0.95
1.08
1.29
1.08
1.05
1.08
1.21

p
0.001
0.012
0.020
0.003
0.011

Table 2
Mean values and standard deviation of subjective aesthetic grades for University educated
and High school educated participants

Education

Stimulus 1
HE

UE

Stimulus 5
HE

UE

Stimulus 6
HE

UE

Mean

5.29

4.5

3.77

2.81

3.85

4.9

St. dev.

1.16

1.11

0.98

1.17

1.13

0.76
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ANOVA test determined the effect of participant’s
education level on subjective aesthetic preferences of
different models of vacuum cleaner. In case of education level statistically significant differences between
University educated and High school educated participants were noticed in the case of a vacuum cleaner 1
F (1, 47) = 5.41, p = .003, vacuum cleaner 5 F (1, 47) =
8.85, p = .005 and vacuum cleaner 6 F (1, 47) = 5.41, p
= .001. Mean values and standard deviation are shown
in Table 2. Vacuum cleaners 1 and 5 received higher
grades by the less educated participants, while in the
case of a vacuum cleaner 6 opposite can be noticed.
It may be noted that participants with higher education
level have given higher grades to aesthetic value of the
design that uses directly golden ratio rule. This is not the
case with lower educational level participants. They gave
the highest grades to design that emphasizes functionality. The explanation may be sought in the fact that during
the education process the value of the golden ratio in art
and other fields is emphasized and the knowledge is now
transferred into evaluation of aesthetic appliances. Less
educated participants may not be, or are in lesser extent,
familiar with golden ratio rule, its application and value.
Analysis of the significance of gender factor on the
subjective aesthetic preference showed statistically
significant differences only in case of the vacuum cleaner
5 F (1, 47) = 7.61, p = .008. By comparison of grade
mean values, it can be noted that the score of the male
population of the participants (M = 2.86, SD = 1.17) is
significantly lower than the score of the female population (M = 3.77, SD = 1.04). This can be explained by
the fact that male participants gave the highest grades
to the vacuum cleaner models 1 and 3 which design is
purely function oriented, while vacuum cleaner model
is not. This is questionable if we take in to consideration
that the design of vacuum cleaner models 4 and 6 is
not function oriented also. These differences noticed
between genders and their causes are not the subject of this study, but they should be explored further
in future studies, with specially designed survey.
Age of the participants showed no statistical significant effects regarding subjective aesthetic preference of the presented vacuum cleaner models.

Conclusion
Using vacuum cleaner design as a case study, the direct
application of the golden ratio rules in the design of
home appliances was explored and illustrated. The
result is a modern, aesthetically pleasing, harmonious
and innovative product form capable of attracting the
consumer’s attention. It can be concluded that this rule
holds its importance even today and it can be applied
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to the design process of modern products. Results
show that the rules of good form are deeply rooted and
significant today as they have been hundreds of years
ago. The analysis of the education level effects shows
that the use of the golden ratio achieved higher scores
in terms of aesthetics from the participants who have
had more opportunities to come across the explained
applications of golden ratio rule. This indicates the
importance of previous experience in assessing the
consumer’s aesthetics preferences of the products. As
for the golden ratio rule, it can be concluded that it is
not directly and unambiguously related to the assessment of product aesthetics, rather it can be used as
a tool to increase aesthetic appeal of the product to
certain groups of consumers. Having this in mind it is
necessary to have good insight in to demographics of
the potential consumers of the product. Unconditional
use of the golden ratio rule will not ensure the success
of the product or the high aesthetic appeal all across
consumer population. Gender and age did not show a
statistically significant effects in the case of subjective
aesthetic preference when applying the golden ratio rule.
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