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Smart Factory: JDF and XJDF

Abstract
In this paper, the relation between “Industry 4.0” and the metadata
formats JDF/XJDF is discussed. While “Industry 4.0” is a term for a certain method of production in general, the XML-based data formats JDF/
XJDF are commonly considered being technologies for implementing
Industry 4.0 production in the graphic arts industry. The paper shows
that the original architecture behind JDF, however, is more compatible with Industry 4.0 that the new XJDF format. For this purpose,
some important features of these two data formats are outlined.
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Introduction
Smart Factory is a general research concept concerning
automation of industrial production processes. This term
derives from the “Industry 4.0” initiative, the future
project of the German government. One of the main features is the data exchange between production machines
based on internet technologies.
For almost two decades, the JDF/JMF format dominated
these interfaces in the graphic arts industry. Therefore, in
section 3 the basics of data structure of the Job Definition Format (JDF) is presented. It will be shown that JDF
constitute important parts of industry 4.0.
However, it is very likely that JDF will be replaced by
a new format in the future, the “XJDF”. Section 4 will
outline the differences between the two formats, the
motivations for the redesign of JDF and their relations to
“Industry 4.0”.

Smart Factory and Industry 4.0
One of the biggest challenges in the current industrial
production is flexibility. In the past, the productivity

First recieved: 31.08.2017.
Accepted: 31.10.2017.

of mass production has been risen by fixed automation solutions. Nowadays, however, the production of
many variants of customized products in small series
becomes increasingly important. A paradigm shift is
expected - from centralized control toward a flexible,
decentralized coordination of autonomous operations.
The term “Industry 4.0” defines the vision of such
production environments, where customer orders control their individual production, book their production
machines and their material and finally organize their
delivery to the customer (Spath et al., 2013). In such
manufacturing plants (“smart factories”) the machines
and tools might interconnect, organize and configure
themselves independently in future times. See also
(Federal Ministry of Economic Affairs and Energy, 2017).
Interrelating the general concept of “Industry 4.0” to
the graphic arts industry, the following four important classes of interfaces are involved according to the
statement above.
1. Technical production processes on the shopfloor of a Print Service Provider (PSP),
2. Print Buyer (PB) and PSP,
3. PSP and supplier of material and services,
4. PSP and logistic provider.
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There are, in fact, some more areas, that are also considered being part of Print 4.0. In practice, they depend
on each other, which is graphically illustrated in figure
1. The pyramid shows a certain hierarchy. In this paper,
only the vital interfaces in the production processes at
the PSP are discussed. The other areas of automation
are outlined e.g. in (Hoffmann-Walbeck & Riegel, 2017).
This metamorphosis of production methods might be
cutting-edge technology for the industry in general, for
the graphic arts industry, however, it is not. For most
PSPs diversity of variants and short run-lengths are daily
routines. Different technologies of metadata like XMP
(ISO, 2012), Web services, CSV are used for this matter,
but JDF/JMF still is the most elaborate and dominant
communication model.

»»Figure 1: Sub-topics of Industry 4.0 in
Graphic Arts Industry

Job Definition Format (JDF)
The first specification of the Job Definition Format
(JDF) (CIP4, 2013) had been published in 2001 and
complies with the concept of the smart factory in the
printing industry (“Printing 4.0”). To show that, let us
recap some of the important structures of the format (See also (Hoffmann-Walbeck & Riegel, 2012).
With JDF, one can describe the intended product itself,
as well as the processes that are needed to produce the

»»Figure 2: JDF nodes
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product and its product parts. Processes can be encapsulated into “Process Groups”. All product (parts), process groups and processes are described by XML nodes
with the tag-name “JDF”, which are actually called “JDF
nodes”. The JDF nodes are structured as a tree, whereas
the root typically represents the product itself and the
children the product parts and/or processes and process
group nodes. The process nodes and/or process group
nodes that are descendants of a product node describe
the processes concerning the production of the product or product part. Figure 2 shows a fictive and simple
example. Here, the Product Nodes are highlighted in
red, the Process Groups in gray and Process Nodes in
yellow. The tree does not reflect any process order.
Typically, a Management Information System (MIS) - i.e. a
software for managing customer orders - initiates writing
JDF data and generates the product node and product
part nodes for a job order. It can also define processes
and process groups, but since the MIS would not know
much about the technical details of the required production processes, it can do that only in a superficial
manner. During the production, other devices will add
the necessary details as well as the results of the process execution (status, used resources and the like).
That is, the JDF data enlarges during production. In the
end, the JDF will contain all settings of the production
workflow, provided by all components that are JDF savvy.
Normally, such a JDF file contains dozens of JDF nodes.
The JDF workflow representation is based on the “process-resource-model” (PRM). A process is an activity,
while resources are either physical entities (paper, plates,
ink…) or electronic data (PDF files, images, profiles,
parameter sets…). These resources are either input
or output resources for a JDF node. An input resource
of a process node is an entity that is needed for the
execution of the process; an output resource is the outcome of the process. An input resource for a product
node is called a “Intent Resource”, because it describes
the customer’s intention of the printed product. Figure 3 represents a small segment of a fictive PRM.

»»Figure 3: Process-Resource-Model
The PRM is merged into the node tree. Each node contains a reference to its input and output resources. Many
resources are referenced by two or more JDF nodes. An
output resource of a process node, for example, may be
an input resource for another process (like Resource 4,
Resource 5 and Resource 7 in figure 3). The main idea
of automation using JDF metadata is that devices can
execute processes automatically, if all input resources are
available, the device is idle and the production window
(time span) is met. However, since it is not advisable
to have different copies of a resource in the JDF data,
a resource can be “almost anywhere” in the JDF data
and is not necessarily placed inside a JDF node that
refers to the resource. Inside a JDF node, however, the
references of this node must be specified via an unambiguous identifier. This leads to a highly structured net
of nodes, resources and references between the two.
One way to communicate JDF data is that it can be
sent (as a file) from device to device. Each device then
extracts the information from the file (typically one or
more JDF nodes and all resources that are referenced)
and adds new entries into the file (e.g. operational data).
This linear fashion of passing JDF data around can be
enhanced by parallel distribution, since JDF allows locking parts of the data, so that two different devices need
not extend JDF data concerning the same data part.
This architecture is getting close to the ideas of
industry 4.0, which has been postulated more
than a decade after the specification of JDF. Even
plug-and-play features are part of the JDF specification (though still far away from implementation)
as well as descriptions of device capabilities.
Sending entire JDF files from device to device, however,
is not common (any more). Most devices are, in fact,
controlled by one or several JDF controllers. These controllers pass along individual and appropriate JDF data
to each device they control and integrate the updated
data which they receive from the devices. This actually
relieves the devices from the burden of understanding
and managing the entire workflow and the controller
might have other means (like private databases) to

determine the production workflow. This architecture,
however, moves away from the vision of Industry 4.0.
All devices, however, still must be prepared to receive a
full JDF workflow description and must be able to extract
all relevant information out of it by its own means.

XJDF
XJDF is a redesign of JDF that is currently specified
(CIP4, 2017). See also (Meissner, 2017). JDF is a very
powerful, but in the same time quite a complex language as explained. There are node hierarchies to be
observed, there are resources to be searched for in
the data and there is a merger of product and process
descriptions. Furthermore, JDF even is not even pure
XML, e.g. properties of so-called “Partitioned Resources” can be inherited. Thus JDF is hard to interpret,
expensive to implement and prone to incompatibilities. Because of this complexity, change orders and
ganging jobs are not so easy to implement in JDF.
In particular, since a controller usually defines the production workflow internally in private databases anyway, there is no need to describe the entire production
workflow in XML as well. Also, JDF based production
environments tend to become slow, when a huge
amount of jobs are processed simultaneously, since
reading and analyzing XML text files are less efficient
than, for example, querying a database. With XJDF, an
overall workflow description has been abandoned altogether. XJDF will become mainly an interface language
between a controller and a device. In order to state this
fact more generally: XJDF is a communication protocol
between two applications. This makes things a lot easier,
especially for the devices. Any device receives typically only a single process node now, which contains all
resources it needs for executing the process. References
to resources outside the process node are not required
any longer. Change orders should be easier to handle,
since now it is only necessary to send new versions of
XJDF data to those devices that needs to know about
it. The XJDF structure is very flat (compared to the JDF
structure). A XJDF node for a specific process typically
contains a product list and resource sets (See figure 4).
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»»Figure 4: Snippet of XJDF Sample Code of process “Folding”
The product list contains one or several products or
product parts from the PB’s point of view. The properties of the intent products are defined by intent-elements. The resource sets describe resources that are
required by the process. In addition, XJDF is pure XML,
so that standard XML tools can be used for handling.
Figure 5 shows a simplified architecture of an XJDF
configuration. The Workflow Controller keeps a job list
in a database and for each job a set of parameters are
stored for each process (device). In figure 5 only two
processes are listed. The controller specifies which
processes are needed for a given job as well as the
data that are required for each process. This information typically will stem from some job ticket that the
controller imported, by default values or by the entries
that an operator has filled in a graphical user interface.
The manufacturer of the controller is free to design the
database (or any other means of storage) according
to his own wishes. The data in the database could be
specified like the resource elements in the XJDF, but

they do not have to be compatible with XJDF at all. The
controller only has to convert its own data into a XJDF
resource list for the XJDF device. To illustrate this fact,
we modified the color of the data in the DB and in XJDF.
With XJDF, there is no more fixed connection between a
single product description and the definition of production processes like it was with JDF. The above-mentioned
product list in XJDF can contain descriptions of several
independent products. This will make the implementation of ganging jobs easier. Furthermore, it reflects the
situation of Web-to-Print configurations much better.
Moreover, in future times, one might store product
description outside of XJDF altogether. The product description might be stored within a Page Description language. In (CIP4, 2015) a set of PDL-independent standard
metadata keywords are defined, which enables product
description. In PDF, this metadata can be stored by the
DPART-element of PDF/VT (ISO, 2010) respectively PDF
2.0 (ISO, 2017). XJDF might then only contain production
resources.

»»Figure 5: Configuration of Controller and Devices applying XJDF
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Conclusions
The JDF specification has anticipated the vision of
“Industry 4.0” in parts. The current implementations
of JDF-based workflow software, which predominantly
can be found in offset and in digital printing, moved
away from the original idea of decentralization. This
will be even more so for XJDF. Since XJDF, however, is
much easier to implement in a production workflow
that JDF, the format XJDF might become an important
industry standard or might even replace JDF altogether in the future nevertheless. It will be interesting to
observe, if the vision of “Industry 4.0” will also recollect
the concept of centralization in the years to come.
The shift of production description from JDF/
XJDF towards PDF, however, supports the interface between PB and PSP according to the mission
statements of Printing 4.0. This concept, however, has not yet been implemented so far.
The other data formats XMP and CSV mentioned
in this paper are container formats, which usually only transport private data between different
software modules of a single manufacturer. There
are no standard descriptions for production processes or resources concerning those formats.
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Analysis of E-textbooks:
Development, use and availability
on the Slovenian Market
Abstract
Through several projects in Slovenia, e-learning materials have been developed over the last decade, with some primary and secondary schools already
using them successfully in their educational processes for several years. The
objectives of this research were to analyse the development of e-learning
materials, in particular the process of creating e-textbooks, to identify experiences in the use of e-learning materials and to determine their availability
on the market. In order to understand the development process, our research
involved the creation of i-textbooks. The problems we encountered during
the creation of i-textbooks are presented in this article. The results showed
that teachers are satisfied with the use of previously developed e-learning
materials. They also agreed that traditional textbooks cannot be replaced
completely by e-textbooks. However, they do represent an important motivation tool that assists them in facilitating the transfer of knowledge and helps
learners to better understand and learn the contents of different subjects.
The e-learning materials present on the Slovenian market are freely accessible or require payment, depending on the editor. A great deal of e-learning
materials is also inactive, as was emphasised in our research.
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Introduction
According to the findings presented in the EU Kids Online
research (2014), Slovenian children spend an average
of 74 minutes a day on the internet (younger children
spend less time, while older children spend more). They
go online both at home and in school. The most digitally
literate are Finnish children, followed immediately by
their Slovenian peers. While online, children visit social
networks, send messages and watch videos. They also
use the internet for their school work and tasks, and
for other purposes. The generations of children attending our schools today have literally been surrounded
by information and communication technologies (ICT)
since birth. ICT are part of their lives and as such they
(unknowingly) transfer them to educational institutions,
which have been forced to adapt systems, programmes,
methods and tools to inevitable progress. The introduction of ICT in the educational process means not only

the introduction of new tools, but also changes to the
roles of the learner (Table 1) and teacher, the use of new
teaching methods (e.g. flipped learning), and thus the
new role of the textbook (Kreuh, Kač & Mohorčič, 2011).
The textbook represents the basic teaching material for
the achievement of the educational goals and standards
of knowledge defined in a specific curriculum. A textbook
may take printed, electronic or printed and electronic
form (Official Gazette of the Republic of Slovenia, 2015).
Electronic textbooks (e-textbooks) have made great
strides at educational institutions over the last decade.
The main difference between traditional and e-textbooks
lies in the digitalisation of the entire learning environment. In addition to traditional elements (text and graphical presentations), the latter also include interactive
elements (didactic applications, games, animations, etc.)
and multimedia elements (simulations, videos, sounds,
etc.). There is also a difference in terms of accessibility to
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e-textbooks. As a rule, e-textbooks are accessible on the
web regardless of time and place, while that accessibility
is dependent on the user’s internet connection (possible solutions include working on a computer without a
connection or on smaller mobile devices, both of which
limit the use of e-textbooks). According to Kreuh (2011),
an e-textbook represents learning material in a digital
learning environment. An e-textbook retains all of the
properties of a traditional textbook, while technological
progress facilitates access to the other learning resources, promotes active and cooperative learning, offers various ways of solving problems, and provides the learner
the opportunity to monitor and evaluate their personal
learning progress.
Table 1
Role of learner in traditional education and e-learning (Bregar, Zagmajster and Radovan, 2010)
Learner in traditional
education

Learner in e-learning

Passive learning

Creator of own knowledge

Learning facts without
deeper understanding

Solving of complex problems

Unilateral treatment
of content

Content is considered
from different aspects

Individual learning;
solving of own tasks

Learning in teams; cooperation

Subordinated to
teacher’s assessment

Designing of own questions
and the search for answers

Active in only one
cultural context

Increased cultural awareness

No influence over rhythm
and tempo of learning

Autonomous, independent
management of time and
the learning process

Only feedback about
work is from teacher

Discussion about work
and progress with teacher
and other learners

Emphasis on the creation
Emphasis on the reproduction
of knowledge and the
of teacher`s knowledge
application thereof
Only prescribed learning
materials used

Access to multiple
learning sources

The objectives of our research were:
1. to analyse the process of creating e-textbooks in practice and to highlight some
of the associated problems;
2. to analyse the use of i-textbooks among
teachers who have been using i-textbooks for the last several years; and
3. to analyse the Slovenian e-learning materials market, in particular e-textbooks.

12

Categorisation of E-textbooks
Technically, an e-textbook is a textbook in a digital
format that can be used on computers and saved on
different data carriers. An e-textbook is therefore a
digital teaching source or an asset stored on electronic media that can be used to replace printed media.
Technical tools are, however, required for the use of an
e-textbook (Kreuh, 2011). Pesek, Zmazek and Mohorčič
(2014) categorise e-textbooks to three levels. The first
level comprises so-called digitalised textbooks or d-textbooks, which are electronic copies of printed textbooks
in PDF or EPUB2 format. D-textbooks can be read/
displayed by applications that facilitate the addition of
bookmarks, records and work with interactive tables.
The second level includes so-called rich textbooks or
r-textbooks, which are d-textbooks upgraded with
sounds and videos. Because some r-textbooks also have
simple integrated questions that provide simultaneous
feedback to learners, they are quite popular among
publishers. Interactive or i-textbooks comprise the third
level of e-textbooks. The content of such textbooks is
adapted to human-computer interaction. I-textbooks
include interactive elements (e.g. video, soundtracks,
computer animations, hyperlinks and, in the future,
most likely augmented reality, which will be popular
in presentations of practical samples) and interactive
examinations (instant and significantly improved feedback). They also facilitate the storage of responses, the
analysis of effectiveness and the monitoring of users.

Slovenian Projects Involving E-textbooks
The introduction of electronic learning materials (hereinafter: e-learning materials) in Slovenian primary and
secondary schools has proceeded under the auspices of
governmental organisations. The Guidelines for the evaluation of e-learning materials, which were linked with the
Trubar catalogue for learning materials, were prepared in
1995. The first tenders for smaller projects addressing the
preparation of online e-learning materials were released
after 1997. E-learning materials were prepared by certain
individual teachers or groups of teachers in the scope
of the aforementioned projects (Pesek et al. 2014).
In 2006, an action plan for continuing scholastic informatisation (Lesjak, 2006) was presented. The plan
stated that the role of learners is changing from passive
to active, and that all ICT tools can be used. The role of
teachers is changing from that of knowledge “provider”
to tutor and education coordinator, as well as moderator
for the evaluation of information. The existing services
of the school system are changing, while new services
are being developed. The system is thus taking on a
greater role in terms of the assessment and application
of development results, and in terms of connecting
the system with the outside world (e.g. the economy).
According to the aforementioned plan, it was neces-

sary to expand the offer of e-learning materials, and to
raise the level of those materials to modern, qualitative
and (publicly) accessible e-materials that exploit the
opportunities presented by the media (e.g. interactivity and multimedia). From 2006 to 2008, the first calls
were made for projects addressing the preparation of
extensive online e-learning materials. Those materials
were drawn up in accordance with relevant curricula.
They included interactive and multimedia elements
and were freely accessible. (Flogie & Čuk, 2015)
Slovenia’s Development strategy for the information
society (Vlada republike Slovenije, 2007) stated that
the main subject of the informatisation of the learning
and teaching process is the learner, while the teacher
is a critical factor for success. The teacher must accept
advanced ICT, which will not replace or eliminate traditional learning, but will offer an additional opportunity
to change the learning and teaching process, making it
more effective and attractive. E-learning is a tool used
by learners to obtain additional resources that are not
simply passive, but take multimedia and interactive
forms. The learning process thus becomes more effective and user-friendly, can be used anywhere at any
time, and facilitates examinations, team work (web
classrooms), research work and remote learning.
In the period s2009 to 2013, the first extensive project
was implemented under the name E-education (Ministrstvo za izobraževanje, znanost in šport, 2016; Stankovič,
2010). Two smaller sub-projects were implemented in
the scope of the aforementioned project: E-competent
teacher and E-support. After the project was completed,
teachers and schools tested and evaluated e-learning
materials and e-services via two additional projects:
E-textbooks for science classes in primary school, the
objectives of which were to upgrade existing e-materials
to modern, freely accessible e-textbooks, to evaluate
their usefulness in the teaching and learning process
and to identify requirements for their proper use (ICT
infrastructure, specific training for teachers, etc.) (Pesek,
2013). A new project under the name E-Schoolbag (Slovensko izobraževalno omrežje, 2013) was kicked off after
the successful implementation of the E-textbooks for
science classes in primary school project. The main objective of the E-Schoolbag project was to develop i-textbooks for the field of social sciences for the eighth and
ninth grades of primary school, and for the first year of
secondary school (gymnasium). Another objective was to
ensure accessibility to and support for newly developed
e-services and e-content. The project was based on the
three pillars of the 21st century school: the establishment
of an e-learning environment, the development of appropriate e-content and the training of e-competent teachers. In order to test e-content and e-services, the participating teachers and learners were equipped with tablets,
while all participating schools were equipped with a
wireless network. The E-Schoolbag project was com-

pleted in November 2015. In January 2016, the results of
the above-mentioned projects were published (Pesek,
2013) and are also summarised below in this article.
In 2014, 44 schools were chosen to participate in a pilot
project under the name Testing e-learning contents
and e-services. Learners were equipped with tablets or
computers provided by their schools. During testing,
the main emphases were on planning lessons, focusing
on the added value of achieving objectives through the
use of ICT, and on evaluating learners’ achievements.
Projects relating to the e-learning environment in primary and secondary schools have been mostly completed.
However, the search continues for efficient and lasting
systemic solutions for the editing and maintenance of
existing e-materials and e-services, while technical support will also be required as new ideas emerge and are
implemented (Sambolić, Beganović & Čuk, 2016). Consequently, new projects have already been launched this
year. As was concluded in a study by Hopson, Simms and
Knezek (2001), the positive effects of using technologies
in teaching lead to learners’ desire to continue using
those technologies, ever after a project is completed.
In terms of higher education in Slovenia, the faculty
members of universities have implemented several
individual and integrated projects that mainly involved
the installation of the ICT infrastructure. Some members
have participated in various (particularly European) projects in which they secured funding for the establishment
of key elements of e-learning. Some members were also
involved in the aforementioned projects as advisers and
to develop specific activities. There is a huge divide in
the use of the ICT among university faculty members.
Some members use web classrooms (in general two systems are in use: Moodle and the home-developed Echo
system) that are primarily used for publishing/storing
e-learning materials, videos and tutorials and for communication with students. Students use web classrooms
to download their seminar work or learning materials
provided by teachers. We believe that teachers are still
using traditional learning methods and approaches,
focusing primarily on them instead of the student.
According to the Development strategy for the information society until 2020 (Digital Slovenia, 2016),
support should also be given to projects aimed at the
modernisation of higher educational didactics, through
the requisite use of ICT and the transition to digital education. Innovative and flexible forms of teaching should
also be established. Consequently, a call was issued
this year for the inclusion of ICT into the higher education pedagogical process for a period of four years.
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Impact of E-textbooks on the Learning Process
It is evident from research performed in 2009 in Nordic
primary and secondary schools that the use of e-textbooks improves the quality of teaching and learning
process and the educational performance of learners
(OECD, 2009). The use of e-textbooks promotes an
inductive way of learning, in particular learning through
discovery (Kreuh, 2011), as multimedia and interactive
content motivates learning, and improves attention span
and the ability to follow instructions (O`Bannon, Skolits
and Lubke, 2017). The didactic aspect of an e-textbook
emphasises the active role of the learner, encourages
the development of basic competences (Kreuh, 2011),
facilitates the search for information (Mayer and Moreno, 2002), assists in problem solving (Zheng, Miller,
Snelbecker and Cohen, 2006) and the collaborative
creation of knowledge, and supports individualisation
and differentiation in learning (Kreuh, 2011; Hamed and
Ezaleil, 2015; Calcaterra, Antonietti and Underwood,
2005). It also promotes self-regulation (i.e. improved
self-organisation) (Zahlut, 2011), different ways of
learning and methods for assessing knowledge, etc.
The results of the projects implemented in Slovenian
primary and secondary schools indicated that knowledge
acquired through the interactive elements of e-textbooks was better. Consequently, the results for most
subjects were several percentage points higher. Most
teachers assessed the introduction of e-textbooks in
the classroom positively. The interactive and multimedia elements in e-textbooks (simulations, animations,
multimedia, 3D computer models, experiments, etc.)
were assessed as useful for presenting new content to
learners, for individual work and for reinforcing acquired
knowledge. Teachers noted that the use of e-textbooks
stimulated interaction between the teacher and learner,
and contributed to learners’ motivation and participation
during lessons. They did not note significant changes
in attention and motivation. By using an e-textbook,
they also identified improved collaborative learning.
However, the verification and consolidation of content
remain at the about same level as when traditional
textbooks are used. Teachers were also forced to use
different didactic strategies on account of e-textbooks,
while their autonomy and workload did not change. They
spent more time for preparation, had poorer control
over work, technical problems during use and problems
associated with a lack of ICT knowledge (Pesek, 2013).
Insufficient knowledge about ICT was also discussed by
Hren and Dinevski (2012/2013) in their research. They
noted that teachers were not familiar with the capability
presented by e-textbooks, and thus did not use them
during class. They also emphasised that e-textbooks
were an important didactic tool, which through meaningful use helped learners improve the knowledge they
acquired. However, learners were more active during
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lessons in which they used e-textbooks. They used
e-textbooks most frequently to search for information
and for individual work, while they rarely used them for
watching simulations, doing homework, and analysing
data and information. Learners were motivated to learn
and solve tasks from e-textbooks. They did, however,
still prefer traditional (printed) textbooks for learning
at home and doing homework. In his research, Krajnc
(2011) concluded that ICT increased motivation for
learning, but could be also very disruptive if the learner
was not sufficiently organised and focused on the learning process. He emphasised that only an experienced
teacher with ICT knowledge successfully conducted
a lesson in which ICT tools were used meaningfully.
Interesting and similar findings were also obtained in
different research conducted by students and teachers
in higher education. Research performed by Rockinson-Szapkiw, Courduff, Carter and Bennett (2013) showed
that students who used e-textbooks learned actively,
while no difference in cognitive learning or final grades
were noted. Surprisingly in this research, only 19.7% of
all responding students decided to use e-textbooks for
learning, while the rest chose traditional printed textbooks. The preferred use of traditional textbooks over
e-textbooks was also described in research conducted
by McGowan, Stephens and West (2009). The reason
stated for this phenomenon was that students find
printed text easier to read and locate, in turn making it
easier to learn. Accordingly, bookmarking in traditional
textbooks was simpler than in e-textbooks. The same
conclusions were also reached in research conducted by
Zabukovec and Vilar (2016) among Slovenian students.
It was determined in the aforementioned research that
printed learning materials increased students’ focus
while studying, facilitating their active work with learning
materials (e.g. marking). They used e-learning materials
for searching and superficial reading, or for reading just
to become familiar with a particular topic. For more
in-depth learning, they made a print version of e-learning
materials. However, development is also moving in this
direction. In research conducted by Noriyuki and Chunming (2014), the stylus pen was introduced for use with
e-textbooks. They concluded that the marking of text
with such a pen demonstrated potential in the use of
e-textbooks among students. Another important finding
in research carried out by Zabukovec and Vilar (2016)
was that Slovenian students are not sufficiently trained
for searching, evaluating and actively using e-learning
materials. Some programmes are in place at faculties
for computer literacy, but they are not implemented
systematically. Furthermore, active work with e-learning
materials increased in conjunction with the increased
level of study because of the experiences that students
gained during study, and because e-learning materials
are included in courses with increasing frequency.

Methodology

Creation of E-textbooks
The creation of an e-textbook is very similar to the
creation of a traditional textbook, with the exception
of r- and i-textbooks to which interactive elements are
added. Authors, reviewers and designers are usually
needed when creating a traditional textbook. However, other experts are also needed when creating
an e-textbook, including programmers or technicians
who make a textbook interactive, and consultants
who are responsible for the didactical content of an
e-textbook. The most important element among all
participants is proper communication, otherwise
the process may be interrupted and delayed.
Authors, reviewers, the project manager and technicians must know the capabilities of the software tool
that they use for the creation of an e-textbook. Taking
into account the valid curriculum, authors first draft the
content of an e-textbook. This phase must include the
precise definition of the purpose and learning objectives,
basic content units and their breakdown into sub-units,
together with the appropriate learning activity. The
overall design and graphic design of previously drafted
content is defined in the next phase, while a decision
is made regarding the media that will be used in the
textbook. In practice, the two previously described
phases are carried out in parallel. However, content
must always take precedent over design and technology solutions. After content (scenarios) is reviewed and
proofread, technicians enter the content in the relevant
program (Pesek, 2014a). The resulting draft version of
the e-textbook is then reviewed, commented on, analysed, corrected and finally re-entered in the program.
When an e-textbook is finished, it is published online.
Before creating a new e-textbook, it is important to know
which authoring tool will be used to create the textbook.
A great deal of e-content was created in Slovenia using
an eXe authoring tool. Because the further development
of that tool has ceased, an updated version (eXeCute)
was developed as part of the E-Schoolbag project. The
exeCute has now user interface in the Slovene language,
the working environment is similar to an LMS (learning
management system) learning environment and as a
free autonomous tool does not require an internet connection (Kelenc, Kos, Kren and Pesek, 2011). In this way,
eXeCute becomes a useful tool for the preparation and
production of modern i-textbooks (Kelenc, 2011). In the
scope of the E-Schoolbag project, a store with interactive
content called EduStore (Ministrstvo za izobraževanje in
šport, 2015) was also developed, and connected using a
web-based editor, XML interface and clients for individual
systems (Windows, Android and iOS). This means that an
e-textbook created with another tool can be transferred
to the new EduStore (Ministrstvo za izobraževanje in
šport, 2015) or a web catalogue. The advantages of the
entire system include free access and its open-source.

In order to better understand the process and problems encountered in the creation of an e-textbook, we
participated in the creation of i-textbooks for a foreign
language for the seventh, eighth and ninth grades of
primary school. Development was carried out during the
2014/2015 scholastic year. I-textbooks were created using
the eXeCute authoring tool (Kelenc, 2011). We encountered both technical and organisational problems during
the creation process, as described below. We were able
to solve most problems, but some remain open for
discussion, including the following: the optimisation of
learning materials for use on mobile phones, as the application in question only works optimally on tablets and
computers; the availability of i-textbooks for Mac OSx;
the further development of the eXeCute tool; the introduction of analytics to gather data about e-textbooks
usage; and the use of the eye-tracing method for analysing the usefulness of e-textbooks. All the above areas
were discussed with the technicians responsible for the
technical side of e-textbooks in the E-Schoolbag project.
Another of the objectives of our research was to analyse
the advantages and disadvantages associated with the
use of e-textbooks. As part of this analysis, 12 teachers
(representing 20.3% of those involved in the E-Schoolbag
project) were interviewed. Among respondents, 25.0%
use i-textbooks for one year, 50.0% for two years and
25.0% for more than two years. After we received and
analysed the opinions of teachers, new questions arose
about the real use of e-textbooks, evidence and a vision
for the future. Answers were obtained through interviews
with people responsible for Slovenian e-content projects.
Our research also focused on the Slovenian e-learning
materials market, in particular e-textbooks. For that
purpose, we searched the internet sources/pages of
different publishers, ministries, organisations, etc., and
contacted some in search of reliable answers. During
our research, we analysed 10 different publishers, e-textbooks issued by the National Education Institute Slovenia
and different e-platforms containing e-learning materials.

Results and discussion
Experience Gained in the Development
of an I-textbook
An i-textbook was created using the eXeCute authoring
tool. Initially, a “tree-structured” scenario was studied
and the structure of the i-textbook set up. Individual pages took the form of html documents that were
linked together automatically into an i-textbook by the
eXeCute tool itself. Those html documents/pages were
then populated with objects. The eXeCute tool offered
20 objects such as text, tasks, images, videos, links, etc.
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However, an individual object can also be developed
and inserted (Kelenc, 2011). When the draft version of
the i-textbook was finished, it was reviewed and corrected taking into account the comments of authors,
and then published online. Organisational and technical
problems were identified while creating i-textbooks.
Some of those problems were quickly resolved, while
others were more complex and are discussed below.
The eXeCute authoring tool was first downloaded to a
computer. However, that computer was an Apple MacBook Pro and we encountered some initial problems.
The eXeCute tool was only supported by Microsoft
Windows, so we were forced to download programs
that support Microsoft Windows applications. The best
solution was the CrossOver application (CodeWeavers Inc., St. Paul, Minnesota), which can be used to
run Microsoft applications. The CrossOver application
also facilitated more accurate work, as the probability
of mistakes while copying text from scenarios to the
program was quite low. The creation of an i-textbook
began after the aforementioned problem was solved.
Creating an e-textbook is a project; not a routine project, but a “research route” on which different problems
must be solved. Nevertheless, the planning of activities
is always extremely important, otherwise those activities
are not executed in the appropriate order and in a timely
manner, resulting in project delays. During our project,
instructions for different activities were frequently given
during the course of ordinary work as problems/changes
arose. Thus, instead of working on planned activities,
other activities were added unexpectedly, resulting in the
delay of the project. Examples of activities that affected the time required and increased the scope of work
involved in the creation of the i-textbook are as follows:
1. Sometimes content was inserted into a page
before a scenario was complete, and was
thus inserted as many as three times after the
authors and reviewers finished a scenario.
2. The authors sometimes planned too much
text for a page, resulting in the addition of a
text button. Because the authors and reviewers did not reach consensus about this solution, text was transferred several times using
the button, to the screen image and back.
3. The eXeCute tool facilitated the insertion of five
main types of tasks: right-wrong questions, the
completion of tasks, the selection of tasks, the
linking of tasks and applets (Java Applet for small
programs), which required the input of programmed
tasks. The design of all tasks (except applets) was
pre-programmed and unfortunately often unsuitable,
while disagreements arose between the authors
and reviewers. On the other hand, one advantage
of the applets was the possibility of graphically
designing tasks. For this reason, applets were used
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most frequently. However, the making of applets
required much more time than was planned.
4. Our aim was to establish records of images with precise traceability. In our case, however, the traceability
of images was very poor, and again more time was
spent to find a specific image than was expected.
A simple job thus became time consuming and
required a great deal of concentration and patience.
5. When a required image (photograph) was not
found on the internet or obtained by the author,
a photograph was taken or a picture was drawn,
and in some case a scenario was actually changed
(by the author). All such changes took a great
deal of time and required additional work.
Several technical problems with the eXeCute programme
were also identified:
1. Photos were only loaded into the program
separately and not at the same time;
2. The pop-up windows were hidden behind
the main window, so the uploading of images
requires a great deal of unnecessary work;
3. Because of inadequate sorting, some problems
with the loading of MP3 files were identified;
4. Problems were also identified with the loading of
video formats that were not displayed on a specific
browser because of an incorrect encoding record;
5. The program arbitrarily added spaces and other
characters in the html code, making it difficult to
find phrases in the code that did not work properly;
6. Some problems were identified when inserting applets. For example, when a basic code
such as JavaScript, CSS or html was added,
paddings and margins were incorrect; and
7. Content was expected to adapt to the size of
the screen (responsive design) during export,
but this was not the case. The i-textbooks were
written using the HTML5 standard, but the
exported learning material was still not adapted
to the size of the screen. The content was only
optimised to a certain size or resolution.
Given the aforementioned shortcomings of the eXeCute
tool, the following corrections were planned in 2014
(Flogie, Milekšič, Čuk & Jelen, 2014): (1) a new editor
that will include all functionalities with the necessary
upgrades so that no local installation of the program
will be required; (2) the storage of data will be facilitated using the Arnes cloud (Academic and Research
Network of Slovenia), where the eXeCute program will
be running; and 3) other functionality for the creation
and design of advanced e-content will be added.
By the end of the E-Schoolbag project in 2015, all learning materials were transferred to a newly developed web
editor named eUrejevalnik (Zavod Republike Slovenije
za šolstvo, 2015b), from which e-learning materials

could be exported into formats appropriate for use on
tablets and mobile phones. The basic idea was to also
upgrade and transfer e-learning content to the web
environment, so the creation of an e-textbook would be
possible using any operating system. eUrejevalnik is an
open source solution and its source code is available free
under the terms of the AGPL 3.0 license at Sourceforge.
net (Slashdot Media, 2017) for all potential developers. The use of eUrejevalnik is rather intuitive, while
user instructions and guidance are lacking. E-learning
materials should also be analysed with data analytics for future developments and updates. In terms of
i-textbooks, it would thus be worthwhile to implement
analytics that would provide more precise information
regarding which i-textbooks are being used more frequently, which content is viewed more, the number of
clicks on individual chapters, tasks, etc. The same web
analytics have been used for years for website visits
to facilitate the further optimisation of web pages.
In addition to the technical problems that were more or
less successfully resolved, an important administrative
problem emerged. The rights for the use of content
with a recognised copyright (historical photographs,
paintings, sound recordings, etc.) cannot be purchased
for use in i-textbooks because they are licensed under
a Creative Commons licence. Due to these problems,
the competent ministry will have to adopt a strategy
for the development, publication and maintenance of
i-textbooks that would ensure the further development
of i-textbooks in Slovenian schools (Pesek, 2013).

Advantages/Disadvantages of E-textbook Use
During our research, we obtained the opinions of
teachers regarding the advantages and disadvantages
of e-textbooks. A total of 83% of teachers said that
electronic, primarily i-textbooks are excellent, but not
comparable with traditional textbooks, while only 17%
of teachers thought that i-textbooks are inferior to traditional textbooks.
One advantage of i-textbooks mentioned by teachers
is the use of animations, simulations and different
games, through which learners are able to better memorise content. They also emphasised that i-textbooks
present more possibilities for different types of tasks
and for the real-time tracking of acquired knowledge,
and that they contribute to the improved motivation
of learners. Čadež (2012) stated that the improved
motivation of learners can only be exploited by the
teacher if two basic conditions are met: 1) the teacher must be digitally literate; and 2) the appropriate
technical conditions (e.g. desktop or laptop computer/
tablet and internet connection) must be in place. As
disadvantages, teachers indicated that i-textbooks
do not facilitate a simple overview of work performed or back-checking, as answers are not saved.

Half of all teachers said that a combination of traditional
and electronic textbooks for lessons would be appropriate.
Teachers emphasised that i-textbooks must motivate
learners to achieve improved understanding through
active learning, critical assessment and cooperation.
Most teachers (75%) said that the use of i-textbooks was
useful, but only as an additional tool used while applying
traditional teaching and learning methods. They also
emphasised that, in principle, memorising was a slightly
better method. However, memorising can also be influenced by certain other elements such as a teacher’s
method of motivation, the environment, learners’ level of
self-motivation, etc. Another interesting remark made by
teachers was that memorising was the same when learners take notes in their notebooks, regardless of whether
they used an e-textbook or a traditional textbook.
Teachers also stated the following as advantages of
i-textbooks: the use of multimedia, easy to update,
variety of learning options, flipped learning, interactivity
and improved imagination. They stated the following
as disadvantages: 1) i-textbooks require a medium,
otherwise they are useless; 2) i-textbooks must keep
pace with new technological solutions, or they will
become static and uninteresting; 3) writing is subject
to neglect if i-textbooks are used constantly; 4) the
inability to save answers; 5) answers are readily available, allowing learners to simply copy them; and 6)
decreased interaction between teacher and learner.
A total of 42% of teachers said that they would not add
anything to i-textbooks, while 58% of teacher disagreed
and suggested following: 1) i-textbooks for the Slovene
language should have excerpts, multimedia presentations
of different literary periods, excerpts from documentaries, broadcasts, multimedia links and more interactive
tasks; 2) scrolling between pages should be easier; 3)
statistical data regarding answers would be useful; 4)
different possibilities for adding new tasks and modulus
is desirable; 5) i-textbooks for children with special needs
should also be developed (note: according to the relevant evaluation report (Flogie and Čuk, 2015), the adaptation of e-textbooks for learners with special needs and
learners from bilingual regions is already planned in the
future); and 6) learners should have a username in the
future. The idea is that each learner should have a profile
where information could be stored about what a learner has already read and processed. Because answers
will be saved, learners will also have more opportunities to self-check and consolidate their knowledge.

Slovenian E-learning Materials
According to the Rules on the approval of textbooks
(2015), textbooks may take printed, electronic or printed
and electronic form. According to the aforementioned
rules, e-textbooks are divided into two levels: d-text-
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books that are digitalised editions of printed textbooks
and include only text and figures; and i-textbooks that
include interactive elements, constructions and interactive tasks with multiple feedback to the text, and the
storing of results and monitoring of users. If a textbook
corresponds to the curriculum for which it is intended,
the Council of Experts for General Education approves it
in accordance with the procedure described in the rules.

Another e-portal that should be mentioned and is
freely accessible is Učiteljska.net (www.uciteljska.
net). This e-platform was edited in 2003 and is still
active. It is intended for teachers, students and other pedagogical workers. It offers the free exchange
and use of school learning materials, preparations,
seminar papers, tests, exercises, articles, etc., all
of which are edited voluntarily by teachers.

Among the numerous textbooks approved for primary
and secondary school, 27 i-textbooks (Zavod Republike
Slovenije za šolstvo, 2015c) have been approved for primary school and 12 for secondary school. All i-textbooks
were issued by the National Education Institute Slovenia
in the E-Schoolbag and E-textbooks emphasising natural
sciences in primary school projects in 2014 and 2015.
Many authors, illustrators, animators, reviewers and
other experts from different fields were included in the
development of i-textbooks, together with Slovenian
companies that offered support during the development
process. I-textbooks are freely accessible, and may be
used in schools and at home, free of charge. They can
be used on computers and tablets that run Windows,
Android and iOS operating systems, and can be used
online or downloaded using different clients and used
offline on mobile devices. I-textbooks that have already
received official approval cover the following subjects:
the Slovene, English and German languages, mathematics, chemistry, natural sciences and techniques,
physics, geography, music and fine arts. An i-textbook
for sport is currently in the approval process (Zavod
Republike Slovenije za šolstvo, 2015a). In addition to
approved i-textbooks, a list of other e-learning materials
developed through tenders issued by the Ministry of
Education, Science and Sport are collected on the SIO.
si portal (SIO Slovensko izobraževalno omrežje, 2015). In
our research, we analysed the e-learning materials found
on this portal, and discovered that many are inactive.
For example, the E-um portal (www.e-um.si), where
mathematical tasks for primary and secondary schools
are available, was last updated in 2015. The same problem was identified with the Nauk.si web portal (www.
nauka.si), which was developed for mathematics (for
secondary school), and for physics, logic and computer
sciences (for primary and secondary schools). The portal
was developed by the NAUK Group, which was formed
by the Faculty of Mathematics and Physics at the University of Ljubljana. The idea was to put teachers “back
in the game”, as their role in developing e-materials is
often neglected (Lokar, 2010). The e-gradiva web portal (www.egradiva.si) appears more active and offers
e-content from different subject areas, while different
news is also available on their Facebook page. A great
deal of the e-learning materials developed by different
schools and companies are unavailable, or web portals
do not exist. All those e-portals were developed in the
scope of different projects. Unfortunately, it seems that
maintaining existing e-learning materials was overlooked.

E-learning materials are also developed and offered by
different Slovenian publishers. E-learning materials are
usually available on web portals, the most popular of
which are i-Modrian, Lilibi.si, Radovednih pet, iRokus,
iRokus+, Vedeževo e-okolje, Naša ulica and UČIMte.com.
E-textbooks, e-workbooks and other different multimedia
and interactive materials can be accessed on those portals. E-textbooks are substantially and formally identical
to printed editions, as those textbooks are approved by
the Council of Experts for General Education. E-textbooks
and e-workbooks on some of the aforementioned portals have a simple toolbar, which allows a user to scroll
through the pages, write and draw on the pages, tag
words, enter notes, add web links and enlarge individual
parts of a page. Some e-materials are also created as
multimedia-interactive pages enriched with videos, 3D
models, sound records, animations, interactive tasks
and other add-ons. Some platforms also include an LMS,
through which teachers can monitor certain activities
relating to learners or groups of learners, create their
own tests and surveys, create and follow activities using
a working calendar, select additional media materials,
and track statistics regarding the success and progress
of an individual or group of learners. On the other hand,
success in solving tasks in relation to an entire group
is also available to learners. Some platforms are freely
accessible, while others require payment. On the latter,
teachers and learners receive access to portals at the
beginning of the scholastic year, typically in conjunction with a learning kit that includes printed versions
of textbooks, workbooks and other accessories.
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A few companies offer web portals with interactive tasks
for specific subjects. One of them is Moja matematika,
where interactive mathematical tasks are available from
the first to fifth grades of primary school. Although this
portal requires payment, it has functioned successfully
for more than five years, mainly because tasks are interesting, useful and regularly updated with the new challenges. In addition, each learner can trace their own success in solving tasks and also in relation to other learners.
Textbooks for students in higher education are usually
published by a university faculty member. Some textbooks are already published as d-textbook. However,
no i-textbook was found on the market for students.
As is evident from the data obtained, learners and
teachers in Slovenian primary and secondary schools

have significant opportunities to use the e-learning
materials that have been developed over the last few
years. Since the 2007/2008 scholastic year, teachers autonomously select textbooks from a catalogue,
which lists textbooks approved by the Council of
Experts for General Education. It is thus the teacher’s
responsibility to choose the most suitable learning
materials for their learners. According to an analysis
performed during the 2012/2013 scholastic year, the
most effective and most frequently chosen combination by teachers today is the use of a printed textbook
and e-learning materials (Potočnik & Logaj, 2017).

Conclusions
The creation of an e-textbook is a complex process in organisational and technical terms. If activities are not appropriately organised, delays will be
encountered in that process. Technical problems
are associated with older versions of programs,
incompatibility with other IT equipment, etc.

and maintaining existing e-learning materials and e-services, and for providing technical support for new ideas
as they emerge and for the implementation thereof.
Numerous of projects have been implemented in
Slovenia in recent years with the aim of introducing
the appropriate ICT infrastructure, competent teacher principles and e-learning materials in primary and
secondary schools. ICT are also being introduced at
higher education institutions via minor projects, but
to a lesser extent. Although Slovenia is not deemed
a stand-out country in terms of digitalisation, new
projects in that field are planned, while some have
already been started. Taking into account all of the
above facts, we can conclude that the introduction of
ICT, and thus e-learning materials, is necessary and,
most importantly, required for future generations.
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Investigation of the effects of
different ink density values on
color gamut in offset printing
Abstract
A standard color gamut can be obtained with CMYK samples that are
printed with an offset printing system according to the ISO 12647-2:2013. It
is possible to enhance or widen the color gamut during the printing process
by interfering with the density and dot gain characteristics. Printing with a
wider color gamut provides a more vivid area and more depth in color.
In this study, print trials were conducted at first with standard values
(density, dot gain and such). Then another trial was conducted by
changing the density values respectively during the trial. Ink density
values for all colors were decreased from the standard value as -0.15D,
-0.30D and then increased as +0.15D, +0.30D. Color gamuts of the
trials were calculated and compared at the end. It is found that ink
density values directly affect color gamut in offset printing. It is also
found that the color gamut decreases equally when ink density values
decrease and vice versa. However, some printing problems occurred
with high density values even though it gave an expanded color.
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Introduction
One of the most important reasons of increased print
quality is the use of inks with a high coloring feature
(Leach & Pierce, 1993). The film thickness of the ink
should be below 2µm during printing (Dalton et al,
2002). The critical point is the direct effect of ink film
thickness on print quality and color gamut. Ink absorption of paper and drying are the other important
factors (Zjakić, Bates & Milković, 2011). It is also very
important to have suitable solid ink density values for
the used paper surface to achieve the desired print
quality and color gamut. When the optimum amount
of ink that is transferred onto the paper is set, the
print quality as well as the color gamut will increase.

of color increased in the industry. At the beginning of
the 20th century, a painter named A.H. Munsell defined
the color schemes. The CIE that was established in 1930
explains the base color structure with three coordinates.

Color Systems and Color Gamut

There are three elements of color: hue, saturation and
brightness Offset printing is a commonly used printing
technique where the inked image is transferred from a
printing plate to a rubber blanket, then to the printing
surface (Ozcan & Oktav, 2011) and at the same time
offset printing is a preferred system in terms of keeping
pace with the advancing technology and print quality.
Ink density is the first factor that affects the quality. The
density impacts color gamut directly. High print density
could also cause different print defects (drying and such).
Therefore, optimum print density should be obtained in
order to get the widest color gamut (Sahinbaskan, 2002).

The need of developing an international standard that
everyone can understand increased as the importance

Hue: The ‘attribute of visual sensation according to which
an area appears to be similar to one, or to proportions
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of two, of the perceived colors red, yellow, green, and
blue.’ Looking at an orange, for example, we can see
that its color is similar to both red and yellow and we
could express its hue as some percentage of each of the
two (e.g. 60% red and 40% yellow) (Morovič, 2008).
Saturation: is a unique perceptual experience separate
from chroma. Like chroma, saturation can be thought of as
relative colorfulness. However, saturation is the colorfulness of a stimulus relative to its own brightness, while
chroma is colorfulness relative to the brightness of a similarly illuminated area that appears white (Fairchild, 2013).

2011). It works with three basic signals just as in the
human eye. These are light-dark, red-green, yellow-blue.
CIE, CIE L*a*b* and CIE L*u*v* are established on
the basis of this more uniform detection color system. The balanced L*a*b* color structure was built
based on the fact that a color can’t be green, red or
another color at the same time. Simple values can be
used to describe a color. L* represents the lightness,
a* represents the red/green value, b* represents
the yellow/blue value of the color in the CIE L*a*b*
system (Tritton, 2004; Adams & Weisberg 2000).
L* value determines the brightness from 0 to
100, meaning how dark or light the color is.
a* positive values determine the redness
from 0 to 100. a* negative values determine
the greenness from 0 to 100.
b* positive values determine the yellowness
from 0 to 100. b* negative values determine
the blueness from 0 to 100.
CIE L*a*b* is the most commonly used color gamut. Computers and software’s used in desktop
publishing are based on CIE L*a*b* system.

»»Figure 1: CIE color gamut
Brightness: The attribute of a visual sensation according
to which an area appears to exhibit more or less light.’
Returning to the same orange, we can also express this
attribute of its color appearance and we would judge
it to be higher for parts of it that are directly lit and
lower for parts that are in the shade (Morovič, 2008).
CIE color systems places a color to the color gamut with the values of these three components. The
CIE has designed many color models over the years.
Although these models differ in the process of technological developments, hue, saturation and brightness
are the base components (Sahinbaskan, 2002).

The following equation is used to obtain the
L*a*b* values from the tristimulus values.
L* = 116 (Y/Yn) ⅓-16
a* = 500[(X/Xn) ⅓-(Y/Yn) ⅓]
b* = 200[(Y/Yn) ⅓-(Z/Zn) ⅓]
X, Y, Z values are the tristumulus values of
measured color; Xn, Yn, Zn are the tristimulus values of light (Sahinbaskan, 2002).

CIE L*a*b*
The purpose of CIE is to form a system to enable
clear and repeatable production for people who
printable produce the color. Forming a universal color template is the target. The important parts of this
template are defined as the standard observer and
XYZ color gamut. However unbalanced structure of
the XYZ color gamut has made it difficult to establish
the standards (Sahinbaskan, 2002; Tritton 2004).
In 1976, with a view to approximating perceptual uniformity by emulating the nonlinear response of the
human eye, the CIE recommended the CIE L*a*b*
space (lightness, position between green and magenta
and position between blue and yellow) (Rivas et al.,
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»»Figure 2: CIE L*a*b* color gamut model

Materials and Methods

Table 1

In this part of the study, the device and materials that
were used for the experiment are summarized. First a
test page was created, then print trials were made and
finally measurements were conducted and evaluated.
Print trials were made on glossy coated paper on a
Heidelberg - Printmaster 35x50 cm printing machine.
The printed papers were measured i1iO, and the profiles
were created by using X-rite ProfileMaker. The color
gamuts made by using the profiles and the differences
between them were shown in the tables.

Color
Cyan
Magenta
Yellow
Black
Red
Green
Blue
White Paper

L
55
48
89
16
47
50
24
95

a*
-37
74
-5
0
68
-68
17
0

b*
-50
-3
93
0
48
25
-46
-2

Color
Cyan
Magenta
Yellow
Black
Red
Green
Blue
White Paper

L
58.4
51.08
89.94
16.48
49.12
50.85
24.76
94.66

a*
-35.31
73.02
-4.89
1.02
66.03
-64. 13
18.76
0.78

b*
-50.12
-5.41
93.41
0.52
48,57
30.01
-45.07
-4.16

ISO 12647-2:2013 standard CMYK and measured L*a*b* values

Printing Machine: HeidelbergPrintmaster 35 x 50 cm
• Screen frequency: 70 lpc
• CtP: Fujifilm / Vx 6000
• Plate: Fujifilm, Brilla
• Paper: UPM 135 g/m2 Glossy Paper
• Ink: DYO ink, Standard CMYK
• Density Measurements: GretagMachbeth
Spectrophotomer, i1i0
•

Table 2
Measured CMYK printing dot gain values printed on UPM 135 g/m2 Glossy Paper
Original (%)
1
5
10
15
20
25
30
40
50
60
70
75
80
90
95
100
Density

»»Figure 3: i1iO Measurement device for test pages

Results and discussion

Yellow (%)
2
10
17
23
30
36
42
53
64
73
82
85
89
95
98
100
1.41

Cyan (%)
2
11
18
25
31
37
44
55
65
73
81
86
89
96
98
100
1.49

Magenta (%)
1
11
18
25
31
37
44
55
65
73
82
85
88
95
98
100
1.43

Black (%)
0
9
17
23
30
37
43
54
66
74
83
86
90
96
99
100
1.83

Measured Print Values:
* In editing, ink solid densities -0.30D, -0.15D, +0.15D,
+0.30D was planned to increase and decrease. However,
some fluctuations occurred in these values.
Measured Solid Print Density Values printed on UPM 135
g/m2 Glossy Paper;
Cyan: 1.49 D,
Magenta: 1.43 D,
Yellow: 1.41 D,
Black: 1.83 D
»»Figure 4: Measured CMYK printing dot gain curves
printed on UPM 35 g/m2 Glossy Paper
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For the first trial, cyan density values were increased
while the other color values were kept same.
Cyan; 1.56 D, 1.69 D, 1.83 D, Other color density values
are same.
Table 3
Measured CMYK printing ΔE values
Cyan (C)
3.2

Magenta (M)
Yellow (Y)
5.6
0.9

Black (K)
1.2

»»Figure 5: Cyan ink density values effect on the color
gamut
Figure 5 shows that the color gamut increased slightly
in comparison with the ISO 12647-2:2013 when cyan
density values were increased +0.15D and +0.30D while
the other colors were kept the same.
For the second trial, magenta density values were increased while the other color values were kept the same.
Magenta; 1.48 D, 1.67 D, 1.81 D, other color density
values are same.

»»Figure 6: Magenta ink density values effect on the
color gamut
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Figure 6 shows that the color gamut did not change in
comparison with the ISO 12647-2:2013 when magenta
density values were increased +0.15 D and +0.30 D while
the other colors were kept the same.
For the third trial, yellow density values were increased
while the other color values were kept the same. The dot
values on the plate were decreased 20% compared to
the standard values.
Yellow; 1.05 D, 1.19 D, 1.37 D, Other color density values
are same.

»»Figure 7: Yellow ink density values effect on the color gamut
Figure 7 shows that the color gamut was increased in the
yellow region in comparison with the ISO 12647-2:2013
when magenta density values were increased +0.15D and
+0.30D while the other colors were kept the same. It was
observed that the changed dot values affected the result.
For the fourth trial, black density values were increased
while the other color values were kept the same.
Black; 1.83 D, 2,08 D, 2.16 D, Other color density values
are same.

»»Figure 8: Black ink density values effect on the color
gamut

Figure 8 shows that the color gamut did not change
in comparison with the ISO 12647-2:2013 when
magenta density values were increased +0.15D and
+0.30D while the other colors were kept the same.
Density values of all colors were changed in certain proportions and color gamuts were compared to each other.
For the fifth trial, all color density values were increased
first +0.15D and +0.30D, then decreased -0.15D and
-0.30D compared to the ISO 12647-2.
When increase and decrease measured CMYK density
values
»»Figure 10: ISO 12647-2 standard CMYK color gamut
volume diagram

Cyan; 1.28 D, 1.41 D, 1.48 D, 1.67 D, 1.89 D
Magenta; 1.18 D, 1.31 D, 1.42 D, 1.61 D, 1.78 D

Conclusions

Yellow; 1.21 D, 1.32 D, 1.43 D, 1.58 D, 1.75 D
Black; 1.53 D, 1.68 D, 1.81 D, 1,98 D, 2.07 D

It is found that ink density values directly affect color
gamut in offset printing. It is also found that the color gamut decreases equally when ink density values
decrease and vice versa.
However, some printing problems occurred with high
density values even though it gave an expanded color
gamut. The problems were delay in ink setting, set-off
and blocking. Even though the color gamut is important, it is more essential to use optimum ink density
values to have a trouble-free printing process.
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Creative design software: Challenges
and opportunities to the graphic
designer in Zimbabwe
Abstract
The study sought to investigate the nature of issues facing the graphic
designers with regards to software usage and upgrades. Technology has
changed the way graphic designers do their job and this has brought
some challenges and opportunities to the creative design industry in
Zimbabwe. In depth interviews were carried with graphic designers
currently in practice and also an open ended questionnaire was used to
solicit for views from the designer perspective. From the findings it was
concluded that younger designers are enrolling for the graphic design
qualification in institutions of higher learning across the country. Most
designers highlighted that they prefer using Adobe suite as a software
package of choice even though they do not acquire the official proprietary
software license. To a larger extent the graphic designers make a choice
on software to buy depending with their hardware capabilities.

Key words
graphic designer, design, software, technology, crowdsourcing

Introduction
The computer is one of the greatest technological and
scientific inventions of the last century. Computers have
changed the way we work, influencing how we communicate, organise, store and present information (Swedin
& Ferro, 2005). The design industry is one of the sectors
that have seen a complete shift in doing business due
to the use of computers. Historically, designers relied
on outside professionals, such as typesetters and printers, to provide the technical aspects of their trade. All
the designer had to do was create the concept, seek
approval from the client, and assemble the finished art
to produce the printed piece (Thornton, 1996). Once
the type size and style were specified for the typesetter,
the resulting proofs were glued to a board with all art
and design elements for the final production. This made
the relationship between designers, typesetters, paper
companies, and printers symbiotic. The introduction of
graphic designing software such as Publisher and PageMaker in the mid- 1980s, and later on Quark Xpress in
1987, brought some changes to graphic designing as tech-

Walter Chipambwa ,
Takunda Chimanga
Chinhoyi University of Technology,
School of Art and Design,
Chinhoyi, Zimbabwe

Corresponding author:
Walter Chipambwa
e-mail:
wcwalter01@gmail.com

First recieved: 23.09.2017.
Accepted: 22.11.2017.

nology improved. According to Perez (2010), new graphic
design software allows us to skip the old ways of doing
graphic design, unlike the old techniques where graphic
designers could use same materials on painting to come
up with an artwork. It was difficult for the graphic designers to do their work in time and also there was much
labor compared to computer designing, where a design
can be made in a quarter of the time it would normally
take using traditional methods (Thornton, 1996). These
traditional platforms are marked by painting, with the
colours on paper or canvas, as well as the process requiring the designer to rely on the mind to generate ideas
rather than using features of software to come up with
a design of high creativity and flair. The introduction of
software brought a huge impact on the field of graphic
design, though graphic designing was more appreciated
before the computer design software (Burgess, 2010).
Whilst there might be free and open source software
(FOSS), the major challenge they present to a designer is
that they lack some key features important to a designer,
like aesthetic feel and smoothness as compared to proprietary software.
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CorelDraw and Adobe suite are the most preferred
amongst graphic designers. One problem, though, is
that whilst they are all graphic design software, when it
comes to compatibility the designers always finds challenges in switching. The decision on software to use and
version to buy is not always an easy one for example the
CorelDraw graphic suite 2017 costs not less than US$500.
For a software package to be useful to a graphic designer,
it should have the three main elements that include,

History of graphic design

Whilst new software versions are being developed, it
is not always the case that the designers can access
these latest versions. One can cite many other reasons
for failure to upgrade like lack of funds to pay for the
license and hardware compatibility issues. As such,
graphic designers are not spared this crisis in Zimbabwe. With the ubiquitous growth of the internet and
globalization effects in the design industry, one can
now post their design problem on the internet and get
someone in another country to design for them. This
puts the local designers in a fierce competing battle
as designers world over can fight for the same job.

The history of graphic design goes back to drawings that
are found in cave walls of some historic monuments
around the world and decorations on ceramic wares
(Mork, 1994). The professional label “graphic designer”
gained popularity in the early 20th century within the
field of creative arts as it was used both in book design
and general print design simultaneously. As the 1900s
progressed, the field of graphic design started gaining
popularity as new media houses opened shop, whilst
the print and packaging industry also flourished. The
demand for media content grew, and so did the demand
for books, magazines and newspapers, thereby making
the position of graphic designers popular. According
to Armitage (2012), the first graphic design school was
Bauhaus, founded in 1919 and located in Germany. The
establishment of the Bauhaus school made graphic
design to become recognizably modern. Bauhaus sought
for the combining of art with technology and seeking
the common roots of both fine and applied arts, driven by the objective to solve problems of visual design
created by industrialisation (Meggs, 1998). Although
computers started getting into the world of graphic
design round the 1960s, they only became the standard
for graphic designers in the 1980s (Armitage, 2012).

Statement of the problem

Technological advancements in Graphic Design

Given the need to upgrade and purchase new hardware
and software, graphic designers in Zimbabwe are faced
with a challenge of how they can efficiently embrace
these technological advancements in an effort to keep
abreast with industry changes. This research sought to
explore how the graphic designers are using the various
versions of software and how these have impacted on
their ability to deliver a satisfactory product to the client.

Due to recent developments of technology like the
internet, the growing reliance on computers and smart
phones, and a visually dominant culture, graphic design
has become impossible to avoid because it is now
seen as a way of communication. The introduction of
steam-powered printing machines and mechanized
typesetting in the 19th century triggered the creation of
machines for designing as people became less dependent on hiring manual labour and this encouraged
graphic artists to be more directly involved in content
production and design. The Second World War witnessed
the earliest stages of modern digital computing before
the computer gradually became an important digital tool
in the graphic design industry. The development of digital
computers, was as a result of efforts to store virtual data
in a man-made machine (Gere, 2008). As a form of communication, graphic design has become more simple and
efficient in its use with the introduction of software in
the field. Today local individuals and small businesses can
purchase graphic design software and make their own
designs. This could not be done without the assistance
of advanced computer technology (Thornton, 1996).
New possibilities were formed in the industry of graphic
design. For example, with Adobe Photoshop, Illustrator
and CorelDraw, one can scan photographs onto the
computer, manipulate them, and incorporate the photo
into an exclusive graphic design template. Thornton
(1996) also reports that that before computer software
was used in graphic design; there was a notable limit in

1. Drawing program (both for vector and raster)
2. Image editing program
3. Layout program.

Study objectives
To assess the software problems that
hinder the graphic design industry
• To gain knowledge about the usage
of modern design software
• To identify the influence of
software in design industry
•

Literature review
In the design industry, everyone is trying to outdo somebody else and this can only be achieved through usage
of the appropriate tools for design in an effort to attract
the client. This is also partly because technologies for
graphic design are so advanced now, making it possible to generate complicated 3D images in real time.
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quality and also number of graphic artworks produced in
the design industry. Graphic design has come a long way
from its days on letterpress, with designers now competently able to also create websites using the Adobe web
creation tool for designers like Muse Beta (Evans, 2014).

Cloud computing and graphic design
The graphic design industry has benefited mostly from
programs like Adobe creative suite and other technological innovations like online storage and sharing of
files (Holly, 2012). Graphic designers put in a lot of effort
into creating engaging, quality work but this can result
in large files that can be very difficult to handle. Using
emails for such large files and complex work might face
challenges as emails have limits in the amount of storage space allocated for each email address. With new
advances in technologies, designers can now use cloud
computing which allows them to store their work online
and this enables them to not only deal with much larger
files but also share these files easily with anyone that has
internet connection. Cloud-based design applications
offer more processing resources over several shared
servers in a cloud-computing environment (Zorzini,
2012). Basically, this means that the graphic designer
can use powerful design applications seamlessly on the
Web. In the emerging markets context, the focus then
becomes more directed at the designers’ capability to
access the internet, as a key factor in harnessing such
services easily. Cloud computing allows companies to
access software applications without suffering overhead
costs in acquiring the software license fees (Kokubun,
2010). The issue of costs related to software purchase
and license fees is one of the major challenges addressed
by cloud computing. Models such as Software as a Service (SaaS) allow users to purchase licenses for their chosen software on-demand and this provides a temporary
license to the user for a certain period (Kokubun, 2010).
To the graphic designer who needs to use a certain
software application for their work, this can prove to
be the best option in that they do not intend to keep a
copy of the application for future jobs. Ultimately, this
gives flexibility to the designer to make well informed
choices in light of what works well with their design.

Crowdsourcing in design
Regardless of the adverse effects it has brought to design
and creativity, crowdsourcing is gaining in popularity
among clients the world over, especially in the wake
of spirited efforts to seek the best design work. In the
graphic design industry, design contests are done online
and there are websites offering such, like design99 and
crowdSPRING. Through various websites, designers are
now able to upload their portfolios online for reference
to prospective clients. As such, this breaks down the
geographical and cost barriers between designers and
clients. Traditionally, designers used to receive critiques

and feedback through studio critique sessions, where
they would present their work to peers and mentors
who would in turn provide comments and suggestions
(Yuan et al., 2016). Crowdsourcing has proved to be a
readily available method for effective feedback which
has led some researchers to explore crowdsourcing as
a potential solution to design problems (Luther et al.,
2015). As a designer, one therefore has to make sure
they have produced high quality work in anticipation of
rife competition spawned by a myriad of online design
contests. This brings a new dimension to how graphic
design as an industry is evolving as new software are
being offered to the market, whilst more powerful
hardware accessories are being developed. All these
software and hardware advancements are an effort
to make the graphic design industry better. Though
crowdsourcing has its own benefits, some of the
designs submitted on sites like 99designs and crowdSPRING can be made public, depending on project
settings, which might, however, encourage designers
to plagiarize one another (Heer & Bostock, 2010).

Methodology
This study sought to uncover qualitative insights in
exploring the role of technology in the graphic design
industry from the perspective of the designer in the
developing economy. The study is both descriptive
and explorative in nature, as the researcher used
selected graphic designers in Zimbabwe. As such, the
study exploits a qualitative approach as it is pragmatic,
interpretive and grounded in lived experiences of the
graphic designers. The researcher purposively selected only a sample of 50 graphic designers (as a subset
of graphic designers in Zimbabwe) to respond to the
questionnaires. The people targeted as key informants
were purposively selected from Harare, considering numerous graphic design companies located in
the capital city. The questionnaire had open-ended
questions to allow the key informants to give full and
meaningful responses. According to Reja et al. (2003),
open-ended questions help in yielding the responses
that respondents give spontaneously and thus avoid bias
which might ordinarily occur in close-ended questions.
Semi-structured, in-depth interviews were utilized for
the 8 interviewees selected from the participants of
a workshop that was carried in the capital on graphic
design. These interviewees cited their availability, and
thus made it much easier for the planned interviews
to be carried out without problems. Rubin & Rubin
(2005) say that semi- structured interviews are more
flexible as they allow “depth to be achieved by providing the opportunity on the part of the interviewer
to probe and expand the interviewee’s responses”.
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Discussion
Questionnaire Distribution and Return Rate
Of the fifty (50) questionnaires distributed to graphic
designers, 42 questionnaires were returned, giving
a response rate of 84%, which is quite good. Of the
42 respondents, only 10 designers have been in the
graphic design industry for more than 5 years. This also
yields a rough idea of how graphic design has been
expanding as a key area in the 21st century. All of the
respondents with more than five years experience are
holders of a certificate in design. It is only recently, with
the expansion of the Zimbabwean curriculum through
spawning of more universities, that we have seen a rise
in degrees around the areas of creative arts. Long back,
the graphic design industry was made up of graduates
from the polytechnics dotted around the country. Also,
with the advancements in technology, we have seen
the widespread use of computers in the lower levels of
education in high schools thus assisting in also developing young talents at an early age. From the interviews
with designers, two of them did mention the fact that
they self-taught themselves on the use of CorelDraw
through videos found on YouTube. As they mastered
the software, they started getting many jobs as freelance designers, but one hurdle they did face was they
could not do jobs for some big companies as they did
not have good academic qualifications. This then forced
them to enroll first for certificate in graphic design,
leading them to later attain a degree in creative art.

Popular graphic design software
Most graphic designers did mention that they prefer
Adobe Creative Suite because of its interface, pointing
out that it does not compromise on colour management
and quality. They also noted that Adobe Photoshop
has the advantage of downloadable plug-ins including
brushes and textures which can update regularly when
they are available. On further probing on why designers prefer Adobe, one respondent had this to say;
“It was introduced to me by one of my first Design
mentors in late 2009. And I have grown into it, lucky
it is actually one of the industry leading software”
He further explained that he is currently using the March
2017 latest Adobe creative cloud, since all updates
are online for subscribers and he is using a licensed
version of the software. Most of the graphic designers prefer Adobe full suite though they cited that they
use CorelDraw more ton vector illustrations as it is the
most preferred during the teaching and learning period
from various institutions they came from. As a result,
designers end up using different types of software to
do their work. On the other side one respondent did
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mention that he has not been able to purchase the
latest Adobe product due to cost and as such, uses
the freely cracked version of the software. He further
explained that the new versions do not necessarily
bring any new features helpful to his design works.
“My Company does not want to pay license for latest
version because there are no other features of significant change that are not available on my software”
Graphic designers who responded to the questionnaire pointed out that the new software upgrades
or versions do not always bring much benefit to
them. They also cited reasons like unaffordable hardware upgrades which the software may require in
the future, which may be financially out of reach to
them. This forces designers then to keep using the
older versions since they will be managing to do
with that software version without any upgrades.

Software piracy
Forty percent of the respondents did cite that they
have genuine keys for their licenses which they
paid for. This leaves us with sixty percent using
the pirated version of the software. One respondent who works as a freelancer also said;
“There is no reason to purchase an upgraded version
when I can easily get bridged software from friends.”
The respondent further explained that he has been in
the field of graphic designing since 2010 but has never used licensed software. The main argument raised
was that there is no significant difference between the
licensed and the unlicensed software, as they can easily
get cracked versions online. All one needs is the internet
connection to connect to sites that promote open access
to software, where people share keys and tips to go
around software. Though the inception of technological
tools such as computers, software and the Internet has
made our lives easier, abuse of such tools has created
serious drawbacks like software piracy, which is now
a growing concern for several countries. According to
Khadka (2015), cost is one of the key motivating aspects
for those who engage or use pirated software. From
the developing world context, one’s ability to purchase
the software is also affected by the price difference
charged between developed economies and developing economies, thus promoting piracy. Those countries
referred to as emerging or developing economies have
higher rates of pirated software (Khadka, 2015) a finding also supported in this study as Zimbabwe is also
a developing economy. In some cases, one might be
keen to pay for the software but they do face challenges in making the payment online, as these differ from
region to region depending with the country’s banks.

Graphic design qualifications
To a larger extent, the respondents have certificates in
graphic design from the local colleges that are offering
graphic design as a course. This is because it does not
require much to complete a graphic design course for
a certificate and the population of graphic designers
with certificates increases rapidly. Also, the curriculum
is designed in such a way that it is more of the passion
that drives one to be a designer rather than what they
have done academically. As observed in the study, some
of the interview respondents actually had very good
portfolios showing their work from the early days up
to the most recent designs they had done, despite the
fact that they had not attained any formal training. As
an industry, the graphic design sector thrives on the
individual brilliance and creativity and as long as one
puts more time to their work, they can become the
world’s sought after designers. One can also self-teach
following the videos on the internet and they can do
this in the comfort of their homes, developing themselves into good and competent graphic designers.

Challenges related to software
usage in graphic design
In this study, three major problems were cited by the
graphic designers in Zimbabwe and these include problems emanating from crowdsourcing, cost of software
and hardware.
Crowdsourcing- Most designers cited that for one to be
relevant in this industry, they need to have access to the
internet as this keeps them abreast with technological
changes. Some highlighted that they depend mostly on
stock images from the internet and also get inspirations
of recent works through sharing of portfolios via the
internet. Only 8 respondents mentioned that they have
entered contests online though only one managed to cite
one winning entry for a logo design. Respondents who
have not entered online contests cited time limit, as the
main reason for failure to participate, considering that
the online contests are too short. One respondent actually mentioned that due to the monetary issues facing
Zimbabwe as a nation, it is difficult to access the prize
money, as this would take a long process if one does
not have an internationally accepted method of fund
transfer. This in a way demotivates the graphic designer
from taking part in the contests as they might face challenges in claiming their prize money. Two respondents
also mentioned that they once entered the online contests but lost in the particular instance, though they felt
their idea was later taken by another designer outside
Zimbabwe for some logo design. This foregrounds the
dynamics of crowdsourcing and the public domain, with
focus directed at how owners of contests manage their
contests and treats the final winning and losing entries.
Some websites offer a chance to remove the loosing
entries so that only the winning entry is available for

viewing, but in some cases all entries winning and losing
are left available on the internet for other designers to
either get ideas or copy the whole concept for another
project.Locally, there are contests where participation is
via the social media platforms and seventy six percent
(76%) of the respondents highlighted that they have
taken part in these contests managed through whatsapp
or face book. The main reason, as supported also by the
interviewees, is that within these groups on social media,
the participants now know each other through the professional networks they have established.
Software and hardware issues-From the interviews, the
cost of purchasing software for a first timer was cited
as one of the biggest problems graphic designers face.
Through further probing, some alluded to the fact that
most freelance designers share copies of the new softwares and the moment a new version is released, they
have people whom they know will always get these new
versions for free to share with their friends within the
graphic design world. Some respondents did mention
that they try to raise extra funds for personal use whilst
in school or university by doing small graphic design
jobs like designing flyers for church, wedding invitations,
and birthday celebration invites. However, these small
jobs do not come so often for these designers, which
therefore make it hard for them to pay a monthly or
yearly subscription service for a creative cloud or license
acquisition. Some respondents also did mention that
even if they had the money, paying for the license is yet
another difficult process due to the macroeconomic
challenges facing Zimbabwe as a nation. Some designers
did point out that some new software versions put a
requirement on the hardware minimum specifications,
thereby forcing one to either upgrade their machine
or buy a new one. Given that these designers operate
on a tight budget and their profits are not so big per
job, they fail to buy the latest complimentary hardware
requirements. It was also mentioned that for some
designers, it is the hardware they have that controls their
decision on what software version to have. This implies
that such designers are not controlled by the various
versions or upgrades, as they believe they can still do the
same job using the old version of the same software.

Conclusion
From the study, one can conclude that software and
hardware are key issues in the field of graphic design
as they play a major role in the industry’s deliverables.
Though designers face a number of challenges brought
about by globalization, they have managed to keep
themselves relevant in the economy. Adobe products
seem to be popular among the graphic designers despite
the fact that they use pirated license versions. Graphic
designers need to be well read, and well as to acquire
the necessary skill sets to adapt easily from one trend
to another as technological advancements affect the
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customer expectations. As such, education is key to
the graphic designer, given the apparent need to learn
how to manage their clients’ expectations and how to
balance between their creativity and design brief. Due
to experiential skills the designers have gained, the software upgrades are not that important to the designers
as they can easily do the jobs using the current or old
versions well. Having a MAC or PC is not a determinant
on the outcome of the product as both can do the same
job without any distinction. The ease of access to the
internet has a huge impact in the field of graphic design
as new design ideas are shared easily across geographical boundaries. For one to make it in this industry, they
must have a very good computer to handle the graphics
involved. Equally needful are the requisite software, raw
talent, education and dedication towards one’s work.
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Light fastness of printing inks: A review

Abstract
Light fastness, in its broadest sense, is the resistance of colours to fading under the influence of a light source. Light fastness is one of the most important
physical, and therefore visual, properties sought in both pigments and in the
inks. Artificial and natural light causes most pigments to fade resulting in colour change. The light fastness of inks is important especially in the packaging and advertising industries. The posters and advertisements hung on the
billboards used especially in outdoor advertising, printed product packaging
and other printed products exposed to sunlight require high degree of light
fastness. In this study, light fastness and factors affecting the resistance of
the colour to the light were investigated and suggestions were made regarding high light fastness in terms of printability.
Key words
light fastness, blue wool scale, printing ink, colour change, printability

Introduction
Light fastness refers to the resistance of a colour to fading under the sunlight (Zeller-Gmelin Corporation, 2017).
The colour fastness of the pigments used is essential for
the light fastness and weather resistance of printing inks.
Starting from the definition of light fastness; a light
source is required for the fading phenomenon to take
place. As it is known, the most effective light source is
the sun. There must be an object illuminated by the
sunlight and an eye observing this object. These three
concepts must co-exist in order for the colour sense to
emerge. When the electromagnetic waves coming from
the light source are at about 380 and 760 nanometer
limits, the sense of colour is perceived. These special
electromagnetic waves are called light waves. The short
wavelengths in the spectrum forms the sense of violet,
and as the wavelength increases, the colours of blue,
green, yellow, orange and red change in turn (Figure 1).
The sunlight, defined as a broad band of energy emitted
from the sun as waves, forms a part of the electromagnetic spectrum. The visible part of the electromagnetic
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spectrum under the sunlight is between 380 and 760 nm
and is measured in nanometers (Zeller-Gmelin Corporation, 2017).

»»Figure 1: Electromagnetic spectrum
(Khan Academy, 2017).
Fading of an ink is caused by the light, in other words, by
the motion of the energy it carries. The energy is inversely proportional to the wavelength. Concentrated energy
packets or energy particles from light sources are called
photons. Planck has shown that the energy of a light
photon can be calculated with the Planck’s equation,
named after Him (Equation (1)) (Pv Education, 2017).
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Planck’s Equation
E=h ٠v													

(1)

where,
h: Planck’s constant, h= 6,62٠10-34j٠s
v: The frequency of the light, v=c/λ
where,
c: The speed of the light
λ: The wavelength of the light.
If the frequency is replaced by its value, the photon
energy;
E: The energy of a photon (Joule) is expressed as follows:

C–C

1 σ bond

C=C
		

1 σ bond
1 π bond

C≡C
		

1 σ bond
2 π bonds

The most common bond type in pigments is the covalent
bond. The energies of the single, double, and triple
bonds decrease in the same order. In other words, the
bond energy of σ (sigma) bond is higher than the bond
energy of π (pi) bond and is expressed as follows (Equation (2)).

E= h٠v = h٠c/λ
This equation implies that the energy (E) of a particle, called photon, is proportional to the frequency
(v) and a constant factor (h). This means that low
frequency photons such as radio waves have lower
energy than high frequency photons such as x-rays.
If this energy is absorbed to some degree (depending on the wavelength) and strong enough, it can
break up the colour molecule. The red and yellow
organic pigments are much more sensitive compared to the green and blue pigments because they
don’t have more stable chemical bonds and they also
absorb higher energy light. Resistance to light is not
only a characteristic of the colourant, but it can also
depend on the light source (Ink Technology, 2017).
In outdoor light, solar rays reach earth in three wavelength spectra: 44% visible (380 to 700 nm), 7%
ultraviolet (380 to 10 nm), and 49% infrared (above
700 nm). Below 380 nm, in the ultraviolet spectrum,
degradation by chemical oxidation is accelerated due
to the higher frequency, shorter wavelength, and higher energy radiation. This means that, there is enough
energy to irreversibly break the chemical bonds of
polymers and pigments (Graphix Essentials, 2015).

Chemical Structure of Pigments
The material that gives the colour to an object is pigment. The perception of each pigment in different
colours is entirely due to the chemical structure of that
pigment and the bonds making it up. There are two
basic types of bond in chemistry. The first of these is
ionic bonds and their bond energy is very high. The
ionic bond results from the electrostatic attraction
of the two elements charged with positive (+) and
negative (-) ions to each other. The second one is the
covalent bond. This bond forms three different types of
bonds according to the number of electrons between
two atoms (Western Oregon University, 2017).
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Eσ » Eπ

					

(2)

Degradation of Chemical Structure by UV Rays
Higher energy/short wavelength UV rays, alpha rays,
x-rays and cosmic rays reach the earth along with visible long wavelengths from the sun. Some of these high
energy wavelengths are absorbed by the ozone layer and
the rest are reflected. The reflected UV rays, cause the π
bond, which is lower in energy than the σ bond, to break.
UV (Ultraviolet) rays from natural sunlight or artificial sources such as Fluorescent Bulbs are energetic
enough to break down certain bonds in a pigmented
ink system and thus modify its molecular structure.
Molecular bonds are broken and form ‘free radicals’
which can then form new bonds with oxygen and
other pollutants. This change in molecular structure
alters the ability of the pigment to absorb light in the
visible region of the spectrum and so can cause a loss
of colour strength or variation in hue. These changes
are cumulative and irreversible (Caligo Inks, 2012).

Light Fastness Standards
In the light fastness, besides the degradation of the
chemical structure which is the result of thermodynamics, it is necessary to talk about the process as a
consequence of the kinetics. In other words, when will
the reaction happen. A number of standards have been
developed to describe this process. The most important
of these is British Standards. There are two methods for
light fastness in terms of standards. One of them is the
one performed under sunlight, that is, in natural condition and the other is the one performed with Xenon
testing device. The results are evaluated according to
the Blue Wool Scale (BWS), which is also accepted by
the British Standards. Xenon lamp light fastness testers are used to ensure the validity and reproducibility

of the tests made. The power of the Xenon lamp may
vary depending on the characteristics of the device
being used. The fact that the concepts such as climate,
humidity, and effective distance of light in these devices are standard, ensures the reliability of the obtained
values. An important consideration to be taken into
account when grading the light fastness is that the deviations that will be made under standard conditions will
change the light fastness (Hubergroup Turkey, 2016).

Standards and Accreditation

point for testing a variety of colour materials such
including ink, paint, plastic and textiles (Western Oregon University (WOU), 2017). This colour scale consists
of wool fabric strips coloured with 8 blue colourants,
increasing regularly from 1 to 8 (Brancher, 2017). This
standard grading, which is composed of 8 light fastness
steps, is shown in Table 1 together with the Blue Wool
Scale (British Standards Institution, 1997; Aydemir &
Özakhun, 2014; Demirel, 2014; Sun Chemical, 2017).
Table 1
Blue Wool Scale (BWS)

The light fastness of printed ink films is expressed
by the change in their colourimetric appearance
compared to standard blue wool samples.

Blue wool scale

There are many international standards applied to the
light fastness test including ISO 105-B01, ISO 105-B02,
BS EN 20105-B02, BS EN 4892-2, BS ISO 2837:1996, BS
ISO 12040:1997, BS ISO 2836:1999 and BS ISO 2834:1999
(Smithers Pira, 2017; British Standards Institution, 1997).
DIN 16519, AFNOR Q64-022, DIN 16525 and ISO 2835
standards are detailed methods for printing test samples and measuring light fastness (Brancher, 2017).
The standard specification is DIN 16525, “Testing printing inks and prints in Graphic Industries” and basically tests and classifies the light
stability of the following two categories;

A

Comments

8

Outstanding

7

Excellent

6

Very Good

5

Good

4

Moderate

3

Fair

2

Poor

1

Very Poor

Solidity index Wool scale - Durability of the print

a.) Prints made on any printing surface with any printing
process, independently from any specific condition,
b.) Test prints made with an ink, strictly complying
with the specifications defined in DIN 16519

Measuring Light Fastness and Blue Wool Scale

In the evaluation made according to the results of the
outdoor and indoor tests performed in the research
laboratories, it was observed that the 8-hour discolouring level in the xenon tester corresponded to
approximately 1 month under direct sunlight. The
results of this correlation are given in Table 2.
Table 2

In standard inks, the packaging labels contain information regarding the light fastness. For newly developed inks and special mixtures, only average light
fastness properties can be given. Or, test results for
the light fastness of the pigments in these inks are
used as a base. If necessary, more precise data can
be obtained by performing light fastness tests of the
corresponding inks (Hubergroup Turkey, 2016).

The light fastness outdoor and indoor correlation according to
Blue Wool Scale
BWS

The most commonly used method of measuring light
fastness of a material is to expose it to artificial light. A
xenon-arc lamp with a spectrum similar to sunlight is
used as a light source. In this method, the print samples are gradually subjected to the discolouring process
simultaneously with the Blue Wool Scale in the tester
that has the xenon-arc lamp and are evaluated according to this scale. This method saves time. (Brancher,
2017; Aydemir & Özakhun, 2014). Blue Wool Scale was
originally developed to characterize the light fastness
of textile dyes. It was later accepted as a reference

Xenon Arc Lamp

Sunlight

1

0,5 - 2 Hour

5 Hour

2

2- 4 Hour

12 Hour

3

1 Day

2 Day

4

3 Day

5 Day

5

6 Day

12 Day

6

8 Day

1 Month

7

12 Day

2 Month

8

> 30 Day

> 3 Month
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Average Fading Times

Table 4

The light fastness values of the printed ink film on the
printing material are relative. Because the Blue Wool
Scale values that are appropriate for some products
may not be suitable for some others. For example,
while having a value of 3 or 4 as the light fastness is
enough for the newspaper printing, it may be expected
to have a value of at least 6-7 for posters and advertisements hung on billboards. What is to be emphasized here is the life-cycle of a print and the value
of the corresponding light fastness. In Table 3, 25%,
50% and 100% fading times are indicated relative to
the Blue Wool Scale. These values were obtained in
England by fading at 45° south in the summer. When
Table 3 is examined, it can be seen that, the fading in
the colour takes place in shorter times in the values
between 1 and 4 according to the Blue Wool Scale, while
it takes place in longer times in 5 or higher values.
Table 3
Time-dependent fading rates according to Blue Wool Scale
BWS

25% fading

50% fading

100% fading

1

3 Day

1 Week

2 hafta

2

1 Week

2 Week

1 Month

3

2 Week

1 Month

2 Month

4

1 Month

2 Month

3 Month

5

2 Month

3 Month

5 Month

6

4 Month

4 Month

2 Year

7

No fading
after 2 years

1 Year

No fading
after 2 years

The light fastness test ends with fading of the test
sample. The fading boundary of the blue region on the
blue scale at that moment represents the index of light
fastness of the ink or printing process (Brancher, 2017).
What is desired to be learned is whether the tram and
bottom prints will meet the desired conditions in practice. Considering the season, you can get an idea of how
many days or weeks the sunlight will be effective on the
light stability degree (Table 1).
In addition, the variations of the colour values (L*a*b*
CIE colour spectrum) of the faded print samples can also
be measured colourimetrically by spectrophotometer
(Aydemir & Özakhun, 2014). Thus, colourimetric data will
be very useful in revealing the difference between differently formulated inks and in achieving the correct result.
It is very difficult in practice to establish precise equivalence among the sunlight stabilities by the light fastness
measurement of the prints. In fact, as noted above,
different factors depending on the light (density of
sunlight, moisture, etc.) can change the printed material
(Brancher, 2017). In Table 4, an average equivalent
indicator is given.
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The light fastness degrees of the inks according to Blue Wool
Scale (Hubergroup Turkey, 2016; Aydemir, 2014).

Degree
WS 3
WS 4
WS 5
WS 6
WS 7
WS 8

In summer
months

In winter
months

4 – 8 Day
2 – 3 Week
3 – 5 Week
6 – 8Week
3 – 4 Month
Over 1,5 years

2 – 4 Week
2 – 3 Month
4 – 5 Month
5 – 6 Month
7 – 9 Month
Over 2 years

Factors that influence light fastness
Moisture: When the print sample is subjected to fading
by the sunlight, the solar radiations are absorbed by
the print. The amount of absorption varies depending
on the colour. The black colour absorbs the most, while
the white colour absorbs the least. This absorption also
increases the temperature of the print sample. With
the effect of heat, the amount of relative humidity in
the printing surface is lower than the relative humidity
in the air. The effect of the air and the printing surface
temperatures and relative humidity composition on the
surface moisture can be defined as effective humidity.
As the relative humidity increases, the light fastness
decreases. Effective humidity rate is evaluated with red
azoic painted moisture sensitive cotton fabric on the
basis of Blue Wool Scale. The temperature differences
exposed during the light fastness test may not be a direct
cause of abnormal results. However, the differences
in effective humidity are extremely important and can
cause up to four degrees of difference (McLaren, 1956).
According to test results made in England; Blue Wool
Scale fading value of a print sample with a relative
humidity of 100% was observed to be 3. For another
print sample with a relative humidity of 0%, on the
other hand, the fading value was determined to be
6-7. The relative humidity of the sample with a fading value of 5 under normal conditions and in direct
sunlight was determined to be 45% (Table 5).
Table 5
The light fastness values of CMYK printing colours depending on
different relative humidity ratios.
Colour
Yellow
Magenta
Cyan
Black

45% relative humidity
Light fastness Value
5-6
4
7
6-7

100% relative humidity
Light fastness Value
4
1-2
6-7
6-7

Climate: Because of the long-term effect of sunlight,
the fading of printed colour films takes place faster in

summer than it does in other seasons. Since the reflection degrees of the sun rays relative to the earth axis are
different, different climates are experienced in different countries at the same time. For instance, the light
fastness of printed ink films exposed to sunlight in the
northern hemisphere will be lower in summer and higher
in winter (Pritchard, 2010).
Direction: The direction from which the sun rays come
most effectively is the south direction. Because direct
sun rays penetrate only into the half of the hemisphere,
its effect is small. The light fastness of prints exposed to
sunlight will be lower as they get closer to the equator
(Pritchard, 2010).
Alkaline and Acid Structure of the Printing Substrate:
No matter how the ink is compatible with the material,
the small amount of alkalinity and acidity that might be
present in the material’s structure will cause dissolution.
Dissolved acid or alkaline will degrade the structure of
the pigment and reduce its resistance to the light (Caligo
Inks, 2012).
Pollution in the Atmosphere: In industrial areas, air contains predominantly dirt and dust particles. These dust
and dirt particles cause contamination on the print by
adhering to the printed surface. Sulfur dioxide present in
the air affects the pigments containing chromium. Thus,
the resistance of the ink to the light is reduced (Caligo
Inks, 2012).
Ink Film Thickness: While inks applied very thinly on the
print substrate fade fast, the light fastness of the thickly
applied ink films is higher (Bates, et al., 2011).
Pigmentation: As the pigment concentration increases,
the light fastness increases as well. It is more accurate to
use high pigmented ink instead of intense ink. Light fastness is not dependent on the amount of pigment concentration, but on the pigment volume concentration.
Mixture Pigments: If the ink consists of more than one
pigment, each pigment will be expected to fade to certain extent. Different fading tendencies of the pigments
may cause the ink to turn into an unexpected colour.
Additives: UV-absorber can be applied on the print in
some situations where the light fastness is desired to be
very high. Thus, the incoming sun rays are absorbed by
the UV absorber before they reach the pigment or binder
and the light fastness of the ink film increases.
Indirect Factors: Factors such as reduced brightness of
prints exposed to sunlight and bronzing elimination affect
the appearance of colour.

Results and Discussion
Prolonged exposure to sunlight is only one of many causes of colour fading. The light fastness degree is defined
as an ink property that can be examined in the laboratory under a set of parameters. However, the results of
the colour fading, which occur when the same printed
samples are exposed to external conditions, significantly
differ from the original light fastness degree, depending
on the weather parameters of the exposed sample.
The reasons for the changes in appearance of the prints
are mainly due to the degradation of the colouring material used (pigment or colouring agent). However, light
affects not only pigments, but also binders, substrate and
even overprint varnish (Brancher, 2017).
Ink colours formulated with pigments having high light
fastness can be visually perceived differently under different light sources. This is a natural phenomenon known as
metamerism. It is not a defect, and can be solved by the
use of correct light sources.
Organic pigments chemically change by the effect of
light. Due to this physico-chemical change, continuous
deterioration of colour properties takes place over a period of time. The opinions regarding the possible time-dependent resistance to light are usually not very clear
(Strohe & Kock, 2000). Only a few inorganic pigments
have unlimited light fastness. All organic and limited
number of inorganic pigments, sooner or later, more or
less, change with the influence of the light. Besides other
reasons, chemical structure, concentration, physical condition of the pigment (particle size, distribution and crystal modification) and finally pigment bearing components
affect the degree of change (Hubergroup Turkey, 2016).
The light fastness values of the ink pigments decrease
with the dilution ratio. Pigments with high colourant
concentration have better resistance to light. The light
fastness of a pigment is dependent on the binder resin
in which it is dispersed. The amount of resin used also
has an influence on the light fastness. In general, the
more binder it has, the higher the light fastness
(Demirel, 2014).
The degree of the resistance to light depends not only on
the pigment type, amount and chemical structure of the
ink but also on the applied surface and the film thickness
of the ink on the surface of print substrate (Caligo Inks,
2012; Demirel, 2014). Ink film thickness is highly decisive
in the resistance to the light. With thick films, fading
will occur in the upper layers and not in the lower ones
(Caligo Inks, 2012). It won’t be possible to continuously
keep the ink thickness specified in the standard specifications fixed during printing. This thickness will vary
depending on the printing surface and process. When
the ink film thickness increases, the light fastness will be
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higher because the number of the pigments to be affected by the light in a certain region will increase. The same
is true for more concentrated inks. However, half shade
areas will have less light fastness than solid shade areas
(Hubergroup Turkey, 2016).
In printing, the most important element is to obtain
the correct substrate and ink combination. In case of
using the paper of different quality, the paper may fade
depending on its structure, and even a blue ink having
the maximum light fastness printed on its surface may
appear to be faded. In this case, the colour of the print
will change even if the pigments are not affected and a
greenish shadow will appear on the ink colour due to the
fading on the paper. This implies the importance of the
choice of a light-fast and stable print substrate surface
(Hubergroup Turkey, 2016).
Printed ink film can react with solvent and other chemical substances that come into contact with its surface by
filtration of chemicals from overprint coatings, laminating
adhesives and even packaging materials.

Conclusion
Pigment selection is one of the most important and critical factors affecting ink light fastness. Ink pigments have
different light fastness degrees and are generally quoted
in two levels, full tone and half tone. The scale ranges
varies from 1 (very poor, easily fading) to 8 (excellent,
minimal fading). Selection should be made according to
the ink light fastness rating for the product to be printed.
The lower the pigmentation concentration of the ink,
the lower the light fastness (Brancher, 2017). There are
many different pigmentation options available for ink
manufacturers. The pigmentation degrees in the ink,
and the light fastness values of the ink must be known in
advance and the printing should be planned accordingly.
The light fastness of an ink is determined by the lowest
value of the components having different light fastness.
For this reason, the inks expected to have higher fading
resistances should be composed of the pigments having
higher light fastness. If two or more of the printing inks
having different light fastness are blended, the one with
lower light fastness determines the mixture ink’s light
fastness. That is, in such mixtures, what determines
the light fastness is the ink having the lowest light fastness (Hubergroup Turkey, 2016; Pritchard, 2010). For
this reason, there should be no significant difference
in the light fastness values of the inks to be mixed.
When ideally cured, the thick ink film is more resistant
to light and weather conditions than a thin ink film
(Brancher, 2017). Because, in a given area, there are
more pigment particles that will resist the destructive
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effect of the light. Therefore, very thin ink films should
be avoided in printing. In print, halftone areas have
lower film thicknesses than solid tone areas. Moreover,
ink film thickness is obtained lower in serigraph printing compared to other printing systems. This results
in faster discolouration (Graphix Essentials, 2015). For
this reason, the print’s being solid or halftone and the
print type determines the light fastness of the ink.
In indoor lighting, pigments with higher light fastness should be considered for printed surfaces that
are permanently close proximity to indoor lighting or exposed to sunlight through windows.
High filler or white pigment content in the ink: inks
containing pastel shades (opaque white) and metal
(aluminum, imitation metallic brass, etc.) have low light
fastness (Brancher, 2017; Leach, 1988). These inks tend
to lose colour strength faster. In such cases, pigments
that are more resistant and more stable against chemical
oxidation should be used. Transparent whites are mainly
used for the lightening and colour mixing of printing
inks. But, this process decreases the light fastness of
the ink. The more transparent the ink film is made, the
lower the light fastness becomes. Therefore, intensive
bleaching processes should be avoided (Hubergroup
Turkey, 2016; Branch, 2017). In general, using a 1:1 ratio
of transparent white will reduce the light fastness by 1
degree, and the 1:3 ratio by 2 degrees (Pritchard, 2010).
Overprint oil based varnish, dispersion-UV lacquer
and foil lamination generally increases the light fastness of the printed ink film (Hubergroup Turkey,
2016; Stroh & Kock, 2000). When necessary, an overprint varnish, resistant to weather conditions, and
blocking agents, capable of filtering the UV rays in
the solar spectrum, should be used. The additional
requirements regarding the environmental resistance
of the ink coatings applied on the ink films and the
chemical overprint varnishes must be checked.
Adhesion of the ink/coating is closely related to the resistance of the ink to external factors. In order to reach high
levels in the adhesion, it must be made sure whether
there is any need for pre-treatment or special ink usage.
In ink light fastness, in addition to colour pigment, print substrates are also effective. For
this reason, attention should be paid to the factor of the print substrates in printing processes
with light fastness sensitivity (Aydemir, 2014).
Depending on the intended use and location of the
ink, the light fastness values may be high or low. Many
parameters mentioned above affect the light fastness.
For this reason, only the lightfastness values given by the
ink manufacturer companies should not be sufficient.
In accordance with the end use conditions of the print-

ed product; solid or halftone, print substrate, ink film
thickness, ink adhesion, colouring operations, top varnish, lac and foil lamination applications, light exposure
conditions and time of exposure must be considered.
The appropriate lightfastness value should be tested in
the laboratory. Thus it may be possible to determine
the optimum lightfastness value for the purpose.
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Technical letters (capital) writing:
A new concept

Abstract
The present work investigated the current state of letter writing methods
in the emerging field of engineering education and identifies difficulties
experienced by scholars and educators who have been involved in teaching
the subject Engineering Graphics. Most of the students are not able to follow
the methods that are used to write letters since technical lettering being
written in graphs by various authors of engineering drawing do not follow
a specific procedure, and no standard practice is maintained so far. After
thorough discussions with faculty members and students, it was identified
that the difficulties with lettering were: d/h ratio and, curvatures. The ratio
of height versus width of the capital letters varies in different ways which
appear to produce a sense of confusion among engineering students and
practitioners. The curvatures of various letters are not standard and are
very difficult to remember. This took our interest for investigation, and a
new method of lettering was developed and proposed, which is very simple,
easy to remember and provides a standard method to be followed.
Key words
Capital letters, d/h ratio, Gothic letters
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Introduction
Since long engineering drawing has become an essential
part of any engineering work. Engineering drawing is
used as a language through which an engineer can communicate his idea to other engineers. For any important
construction work and manufacturing, decisions are
made over the engineering drawings made for the same.
In engineering, drawing letterings are used to write
descriptions of parts and their dimensions in the English
language since the English language is globally used as
a link language. Most of the countries follow the English
language as a medium of teaching, conversation and
communication. Engineering Drawing is defined as the
language of engineering, and English letters are universally used for identification and enumeration of drawings.

As such Technical Lettering of English Alphabets plays
a crucial role in engineering drawing which is evident
by the facts of introducing this as an essential part of
course - curriculum at the level of B. Tech Programme,
Diploma in engineering and vocational training programs
for technicians. While teaching the subject, Engineering
Drawing, the necessity of developing a standard method
for writing Capital Gothic Letters was deeply felt which
led to the development of the new method that not
only simplifies the drawing procedure but is most easy
to remember by practising engineers and beginners
as well. The details of the same are discussed below.
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Literature review
In the post-globalization era, standards (like ASTM, ISO,
etc) are universally adopted and engineering drawing
is not an exception to it. The existing methods followed
by engineering community in writing capital Gothic
Letters lack in simplicity, and standard methods are
not followed while drafting the letters on graphs. This
leads to difficult practices of writing Gothic capital letters and they are not easy to remember and follow.
It was observed that for freehand lettering guidelines
are used to ensure consistency in the size of the letter
characters. In the case of lettering consists of capital letters, the existing practice is to draw the letters
between cap line and base line (Integrated Publishing,
2008; Zurbuch, 2005). In a book authored Bhatt, (1959)
in the year 1959, it was found that the ratio of height to
width varies, but in most of the letters, it is 6:5. Later
in his revised edition, (Bhatt & Panchal, 2008) talked
about gothic letters, and it was found that the stems
of single-stroke letters if given more thickness, it is
referred to as gothic letters. These are mostly used for
main titles of ink-drawings. The outlines of the letters
are first drawn with the aid of instruments and then
filled-in with colour ink. The thickness of its stem may
vary from 1/5 to 1/10 of the height of the letters as
described in IS 9609-1990 (Bhatt & Panchal, 2008).
In a lecture note of Wuttet Taffesse at Haramaya University, it was observed that in accordance to have
legible and accurate letter styles, a set of letters are
categorized and has been arranged in group (Taffesse
& Kassa 2005). As per BIS code SP46-1988 (Convention, 1988), there is a process of writing Gothic capital
letters, which provides d/h ratio as 1/14 and 1/10. Different d/h ratio presents a flexible and uncertain picture.
Thus it is observed that the above procedure is very
difficult to remember and not easy to follow. The various methods under reference present the processes
which differ from each other at certain points which
may create a sense of confusion among various users.
				

and students for the following reasons: (i) letters are
written in various graphic proportions like 6x4, 6x6, 8x8,
(ratio of height and width) etc, (ii) they are also written
at various inclinations as per the liking of individual
practitioners, (iii) different curvatures are used for forming different letters and (iv) d/h ratio is not uniform.

Methodology
Many letters of the alphabets have curvatures which
vary from one to other. In the new method, as illustrated
below, the curvatures of all such letters are standardized
and follow the same procedure of curve formation. There
is a need to draw a graphical space of 35mm x 25mm
using a square of the 5mm side as shown in Figure 1. This
graphical space can be used for each alphabetical letters
except for I and W. The same graphical space is also used
for writing numerical letters from 0 to 9 except for 1.
The letter W will have a size 7 x 7 (35mm x 35mm), I will
be of 7 x 1 (35mm x 5mm) size. The numerical letter 1
has a graphical size of 7 x 1 (35mm x 5mm) with a small
extension at the top left to distinguish it from letter I.
The gap between two alphabetic letters, or numerical
letters were kept as 5mm, and between two consecutive rows, the gap maintained was 10 mm. All outer
curvatures of curved letters are drawn as a quarter circle
with a radius of one graph (here one graph refers to a
square of 5mm side) and the inner curvatures was kept
as a quarter circle of radius half of that of the outer
one, i.e. 2.5 mm. The dimensional value of the outer
and inner curvature drawn is as shown in Figure 2. Letter Q has a tapered extension of one graph beyond its
bottom in the centre. For writing numerical letters, the
curvatures follow the same process as adopted for the
alphabetic letters. All letters have vertical configuration
only. For making any change in the size of letters the
only change in the size of the square is to be incorporated. Graphical presentation of the new standard
concept is illustrated below in Figure 3, Figure 4, Figure
5 and Figure 6 where the writing of letters A, C, Q and
D are graphically drawn. Processes followed to draw
each letter, all together constitute a new standard.
		

»»Figure 1: Graphical space of 35mm x 25mm for
letter drawing

Limitation of existing method
The various methods used in the existing system leads
to a state of confusion among engineering professionals
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»»Figure 2: Dimensional values of curves and unit graph

Results and Discussions
Let the configuration of the letter A as shown in Figure
3 be analysed. This letter has been drawn at a definite
pattern by joining the extreme bottom squares diagonally to top centre square of the area assigned to this
letter. The cross bar of the letter has been obtained
by joining the two diagonal arms just at the second
square from the bottom. The result is a very impressive appearance of the letter than the previous ones.
When the letter C was taken for discussion, we observe
that all corners of the letter have standard and specified
contours as is evident from the illustrated Figure 4.

era on the topic worldwide if accepted and followed.
One of the authors have had experience of being
taught the topic by his teacher almost 50 years back,
and the same pattern is still followed. No one has, in
fact, thought of suggesting any new concept on the
topic since its inception in the history of technical
teaching. The authors are very optimistic that this novel idea will be gladly accepted by present and future
practitioners, technical teachers, engineers, students
and the concerned authorities responsible for the
development of technical education worldwide.
The existing method doesn’t follow any specified curvature where as the new method follow. In new method
each curve can be measured and dimensioned. In the
earlier methods (Calligraphy Skills, 2018) the curve generated depends on the skill sets of the person or draftsman.
The curvature that varies from alphabet to alphabet or
depends on individual’s skill sets may puzzle draftsman
and leads to a hectic and cumbersome process. This
problem is taken care by new method proposed and
even software packages like AUTOCAD can be used to
write gothic letters.

»»Figure 3: Letter ‘A’

»»Figure 4: Letter ‘C’

It was observed that as the right side gap of letter C is filled up, it gets converted into letter O and
with a small addition, it was easily converted to Q
as is evident from the illustration of Figure 5.
If the left top and bottom corners of letter O are just
made at right angles by removing its curvatures,
the letter D is formed as illustrated in Figure 6. Similar methods were used to write other letters.

»»Figure 5: Letter ‘Q’

»»Figure 6: Letter ‘D’

Conclusions
It has been observed that all concurrent authors of
Engineering Drawing, more or less, have just copied
the system followed by their ancestors on the topic.
The authors predict that the new methodology discussed above for technical lettering will open a new

Its presentation on AUTOCAD will have far simpler
programming than existing system. The standardization
of curvatures gives a better look and learning
becomes easier.
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