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Abstract— This paper explores the proposition that teaching 

programming for application development differs from 
established methods in computer science, engineering, and MIS, 
and requires a re-framing of pedagogical models.  In addition to 
programming fundamentals, algorithms, and data structures, 
application development also requires understanding the 
foundations of human-computer interaction and the nature and 
economics of information in different application domains. 
Tradeoffs to make this possible within a four-year undergraduate 
degree are explored using a revised version of Bloom’s taxonomy 
of educational objectives to compare learning objectives for an 
applications developer curriculum with those for a traditional 
computer science curriculum.  The paper also reports our 
experiences over the last five years with a new application design 
and development curriculum in the College of Information 
Sciences and Technology (IST) at Penn State University.  Faculty 
and student backgrounds and interests range from business to 
social sciences to humanities to engineering and computer 
science.  Students entering the major have diverse educational 
backgrounds different from students typically entering physical 
science, engineering, or computer science programs.  We 
elaborate on these differences and discuss this new curriculum 
developed to focus more directly on the requirements of 
application development where they differ from those in 
numerical or systems-oriented programming.  

Keywords—programming; application development; 
curriculum; pedagogical models 

I. INTRODUCTION 

Over the last 20 years, there has been explosive growth in 
computer and network accessibility, with resultant demand for 
software to exploit this access.  Today’s user base has a very 
broad demographic profile.  Software for the vast majority of 
these users also has a very different profile than that for 
traditional technical and business users. University training in 
software development has evolved but not significantly 
changed in this period of evolution.  The traditional university 
route of developer training has been largely computer and 
information science/engineering departments, which are 
typically part of natural science or engineering colleges.  There 
have always been other routes such as management 
information systems (MIS), and there has been some 
movement towards independent information technology 
colleges.  

There is a significant base of prior research related to 
teaching introductory and intermediate programming in a range 
of disciplines from computer science and engineering. These 

focus on algorithms, numerical methods, and low-level systems 
programming; to management information systems, largely 
concerned with development of transaction-based systems and 
reporting; and end-user programming, which focused on topics 
such as spreadsheets as development platforms, and the 
usability of visual languages.  These pedagogical frameworks 
are compared and contrasted in light of new models of learning 
application development, both within and outside of academia. 

The paper also explores differences in the type of academic 
background appropriate for application developers.  The 
prerequisites and technical course requirements for a typical 
computer science program can act as a significant barrier to 
entry, and many practicing, successful developers have 
educations from outside this established norm.  Over the last 20 
years, computer science and engineering have become 
increasingly complex, while in parallel there has been 
explosive growth in the demand for application developers. 
Computing now cuts across virtually all domains of human 
activity and is no longer the exclusive province of traditional 
software consumers such as science, engineering, and business. 

  One reaction to this growth has been rekindled interest in 
teaching programming and application development outside of 
traditional computer science programs.  For example, since 
2011 there is also an emerging set of over 60 so-called “code 
academies” which according to a recent study [1-2] trained 
about 16,000 graduates in 2015.  This is almost a third the 
number of annual computer science graduates from accredited 
U.S. computer science departments.  The training model in 
these bootcamps is very different, and concern has been 
expressed in some quarters that the training lacks sufficient 
depth in critical computer science and analytical problem-
solving areas.  Code academies are discussed later in the paper. 

For university-based educators of application developers 
interested in competing for the market of would-be application 
developers, an essential question is:  “What is the critical but 
minimal subset of computer science, science, mathematics, 
technical, and problem-solving skills required to be an 
effective developer in the current professional landscape and 
how can these skills be taught to a larger and more diverse 
student audience?”  In this paper, this question is addressed by 
considering a number of sources along with our own 
experiences launching a new Application Design and 
Development program. 



II. HISTORICAL TRENDS IN PROGRAMMING EDUCATION 

PEDAGOGY 

Up until the 1990s, computer programming and 
development was largely the domain of science, engineering, 
and business.  Science and engineering developers were 
generally trained in science and engineering colleges and used 
languages that required this training such as FORTRAN, C, 
Algol, and others.  Business developers came from a wider 
variety of backgrounds, were often trained in business colleges 
or specialized data processing schools, and typically used 
COBOL, PL/1, or specialized business and report-generating 
languages.  But since the 1990s desktop computing, the world-
wide web, and increasing reliance on graphic user interfaces 
and complex APIs has led to significantly increased software 
complexity with consequent demands on the preparation of 
software developers.  

A. Programming in Computer Science and Engineering 

Typical computer/information science or engineering 
students often have strong high school science and math 
backgrounds, frequently have completed Advanced Placement 
(AP) courses in math, computer science, and other physical 
science areas, and are well steeped in the scientific method 
upon entering college.  The typical CS Bachelor’s degree core 
[3]-[5] requires at least two or three full courses in calculus for 
science/engineering, including vector calculus, matrix analysis, 
and often differential equations. Programs may also require one 
or two terms of calculus-based physics (mechanics, heat, and 
electricity/magnetism), one or two terms of basic chemistry, 
and sometimes core engineering courses like analog electric 
circuit analysis.  There is usually a two-semester 
basic/intermediate programming sequence freshman year, 
typically followed by courses in computer organization and 
system programming, digital logic circuits, object-oriented 
programming (often with graphic and event-driven 
programming), operating systems, data structures and 
algorithms, discrete mathematics, computer architecture, 
theory of programming languages, theory of computation, and 
software engineering.  Typical languages are C/C++, Java, 
Python, functional and/or logic languages like ML and Prolog, 
and some type of assembly language for system programming.  
For those aspiring to be a computer scientist, this is a fairly 
minimal background set to prepare for a highly technical 
development career or graduate school.   

In an attempt to improve learning outcomes, there has been 
some movement towards active models of learning, such as 
problem-based-learning (PBL) [6, 7]. Concerned about 
deficiencies reported in CS students [8, 9] and recent CS 
graduates [10, 11], Radermacher and Walia [12] identified the 
primary deficiencies as communication and team skills.  PBL 
has also being studied to improve issues with CS student team 
skills [13].  Still, most basic CS programming courses are still 
heavily lecture oriented with labs for the more hands-on 
activities.  Assessment methods vary, but are typically based 
on exams, programming assignments, and projects.   

Another active issue in CS programming education is 
concern about high barriers to entry and high failure rates in 
basic programming courses. Systematic studies of student 

“pass rates” - the percentage of students who complete a course 
with a passing grade, such as [14] and a recent follow-up study 
in [15] - found average pass-rates of about 67% in CS1 courses 
worldwide, with almost no change in the ten-year period 
covered by the studies.  Ambrosia and Costa [16] conducted a 
study of PBL methods combined with other changes in a CS1 
course in Brazil, a country with significantly lower-than-
average pass rates.    The observed pass rates improved from a 
several-year average of about 55% to about 80%.  Despite 
some acknowledged challenges to validity and generalizability, 
studies such as this show promise for active-learner instruction 
models. 

There have been attempts to determine if there is some type 
of ‘intrinsic’ programming ability in some students, which is 
not present in others.  The most infamous of these, the 
unpublished but much-cited work of Dehnadi and Bornat [17], 
purported to separate programmers from non-programmers in 
terms of a simple test.  In fact, Bornat [18] has since retracted 
any claim of efficacy, but there is still interest in the topic, 
positive or negative to the conclusion.   A number of theories 
have been advanced to explain Dehnadi’s observations, 
ranging from a willingness vs. unwillingness to accept that a 
machine will follow meaningless rules, an intrinsic ability to 
make consistent mental models, as well as prior work on the 
relationship of programming ability to understanding of the 
domain of application of the program [19].  It is this last point 
that influences our thinking on how to distinguish 
programming as pure computer science from programming as 
application development. We believe that knowledge of an 
application domain and its users is very important to learning 
to develop systems for that domain.  This would seem to be 
obvious, but also seems to not be universally agreed upon. 

B. Programming Outside Computer Science and 
Engineering 

For at least 30 years educators and researchers have been 
concerned with how to teach programming to students outside 
of its ‘native’ disciplines of computer science (CS) and 
engineering [20]. To date, however, very little empirical 
research has explored the learning designs most effective in 
enabling non-traditional CS students to become effective 
professional software developers [21]. Groups outside of CS 
who attempt to learn programming include application 
developers, business and MIS programmers, web 
programmers, end-user programmers, and so-called 
‘conversational’ programmers. Each of these different types 
present special requirements and challenges to those tasked 
with teaching them. A variety of factors have been identified as 
contributing to the success of non-computer science majors in 
introductory programming courses. Among the most pervasive 
and important of these is prior programming experience. 
Student math background, individual learning style, approach 
to organizing knowledge, and different conceptions of self-
efficacy are also relevant [22].  Indeed, some research has 
shown that students from outside of engineering and science 
majors often lack a clear motivation for taking programming or 
other introductory computer science courses [23]. 

Perhaps the oldest category of non-CS programmer is that 
commonly referred to as application programmers. In the 



traditional dichotomy of systems versus application 
programmer [24], CS graduates are considered most qualified 
as systems programmers, while programmers educated outside 
of CS were considered best qualified as application 
programmers. Systems programmers create the software that 
works directly with the computer, such as operating systems, 
device drivers, and other control systems designed to interface 
directly with hardware, while application developers focus on 
creating domain-specific software targeted to support some 
human activity. 

A key skill in application development is the ability to 
translate domain problems into programs that correctly 
interpret and support needs given the goals, priorities, and 
operating environments of domain users. This kind of problem 
structuring and translation requires skills beyond those 
typically covered in a traditional CS programming curriculum. 
A focus on application domain challenges may be one of the 
keys to increasing the motivation of non-CS programming 
students. Students from outside of computer science have been 
shown to have a more positive experience in programming 
courses if the problems they encounter as part of the course are 
relevant to their primary field of study, in other words, their 
targeted application domain [23].  

Similarly, web programming courses may help overcome 
motivation problems because many students are motivated to 
create exciting web experiences [25]. The melding of 
applications with infrastructure in web and mobile 
applications, however, adds significant complexity to the 
programming task. Some educators developing and evaluating 
web application courses have argued that requiring a typical 
CS1 course before web app development allows them to 
address significantly more interesting problems in the course 
[25]. Some work focused on courses in mobile application 
development skipped fundamental computing concepts 
altogether to move directly to creating GUI components and 
behaviors, and have shown some promise in increasing the 
motivation and confidence of non-CS majors [26].  

Business programmers are a special sub-set of application 
programmers concerned primarily with creating transaction-
based applications designed to help run organizations. The role 
of programming in the management information systems 
(MIS) programs intended to train these developers is widely 
debated. One study of MIS students [27] suggests they have 
very varied interests in programming and may only take one to 
two programming courses in their entire undergraduate career. 
In general, MIS graduates are not expected to be proficient 
programmers, though knowledge of the programmer’s 
“thought process” and of at least one programming language 
are considered to be important as part of their skill set [28]. 
This same study found just over 12% of the program’s MIS 
graduates were hired as programmers. 

Most recently, the code academy model has emerged as a 
radically different alternative to the traditional university 
model.  Students enter from diverse educational and 
professional backgrounds, the topics are oriented towards more 
vocational skills, the instruction is often interactive and hands-
on, and programs are intensive to the point of complete 
immersion.  A routine student comment is “drinking from a fire 

hose” or “being thrown in the deep end of the pool on the first 
day” [1].  According to a survey of most of the code academies 
in [1], Ruby, JavaScript, .NET, iOS, Python, and PHP account 
for about 98% of the dominant languages/platforms, with Java 
and Android development accounting for the rest.  

The code academy emphasis is typically web development 
on one or two web development stacks. Assessment is based 
on completion of practical projects. Students are highly self-
selected, learning goals are covered in a matter of weeks, and 
motivation appears to be very high. Opinions on the efficacy of 
code academies vary. They are new, out of the mainstream 
academic sector, and we could find no scholarly analysis of 
typical code academy pedagogy or efficacy.  Much criticism 
centers on concerns about lack of training depth, exaggerated 
placement-rate claims, and the lack of a track record to assess 
them.  

Another category of programmer trained outside of 
traditional CS programs are end-users themselves. Much of the 
research into end-user programming has focused on 
development of visual and other tools to support user creation 
of software, along with studies of using scripting languages 
such the Visual Basic scripting language embedded in 
Microsoft Office (especially Excel). Almost by definition, end-
user programmers are those who learn to program by doing, in 
response to some perceived need for software capabilities they 
cannot otherwise obtain. We consider end-user programming 
beyond the scope of this paper. 

Porter and Simon’s [29] experiments with improving 
retention rates of students entering the CS major found three 
classroom innovations accounted for an 18% increase in 
students remaining in the CS major after the first programming 
course. These innovations focused on: contextualized 
computing (media computation), engaging classroom 
pedagogy (peer instruction), and supportive programming 
assignments (paired programming). One approach that has 
been shown effective is to have a CS 0.5 course when the 
students entering an introductory programming curriculum 
have diverse backgrounds. Students with no prior experience 
programming are to take this pre-programming course before 
entering the more intensive normal programming course 
offered to majors [30]. Some of these same innovations are 
likely to have similar positive effects on the success of other 
non-traditional students who seek to learn programming.  

III. LEARNING THEORY AND LEARNING PROGRAMMING 

Learning pedagogy is frequently evaluated in terms of a 
revised version of Bloom’s taxonomy [31] of educational 
objectives developed by Anderson and Krathwohl et al. [32].  
This evaluates learning objectives, activities, and assessments 
in terms of a two-dimensional matrix of learning and cognitive 
dimensions (Fig. 1).  The main goal of this section is to map 
important aspects of the training of different types of 
application developers to the learning and cognitive process 
dimensions in the taxonomy and draw conclusions about what 
type of training is essential for different types of development 
application domains. 

 



 

Cognitive Process Dimension: 

Learning Dimension: 1 Remember 2 Understand 3 Apply 4 Analyze 5 Evaluate 6 Create 

A Factual knowledge       

B Conceptual knowledge       

C Procedural knowledge       

D Metacognitive knowledge       

Fig. 1.  Revised Bloom’s Taxonomy of Educational Objectives 

An important question is how to map learning objectives 
and activities onto this matrix. Assessment is discussed 
separately in a later section. In general, programming and 
system development clearly bring all of the learning and 
cognitive process dimensions into play.  From the very 
beginning, students must remember and understand (1-2) 
syntax and semantics (A-B) and apply (3) it to write (C) simple 
code fragments, algorithms, and programs. Although some 
analysis and evaluation (4-5) is required to do basic debugging 
and testing, most learning objectives, activities, and assessment 
focus on these basic (A-C) learning dimensions and cognitive 
process dimensions (1-3), regardless of application domain.  
Most beginning students have little knowledge of application 
domains, but some basic factual and conceptual application 
domain knowledge may be part of this early training. Thus 
different application domain targets may lead to some 
differences in course content and learning objectives for 
different basic programming courses. 

As development training continues, students more deeply 
analyze and evaluate (4-5) to debug, test, and evaluate the 
efficacy of their programs for their domain.  Increasingly this 
involves metacognitive knowledge of the domain (D) as well 
as the basic three learning dimensions (A-C). Ultimately, all 
learning and cognitive process dimensions become heavily in 
play, including creation using significant metacognitive 
knowledge of the domain of application, to create whole 
systems that do something useful in that intended domain. 

One picture being painted here is that early 
programmer/developer training is fairly similar regardless of 
application domain.  But another important question for a 
prospective ‘application developer’ is, “Which courses in a 
traditional computer science oriented curriculum focus on the 
higher level metacognitive learning dimension (D) and the 
higher-level analyze, evaluate and create cognitive dimensions 
(4-6) for the goal of system development?”  Counting required 
CS core courses in the section on Programming in Computer 
Science and Engineering yields something like the following:  
background science and engineering (four courses); science 
and engineering math (four courses); basic programming (two 
courses); system internals (four courses), advanced theory, 
math, and algorithms (four courses), and advanced 
programming and software engineering (three courses), or 
about 20-21 courses total.  It is generally agreed that the basic 
science and engineering (and its attendant math) plus the 
system internals courses are essential for a computer scientist’s 
world-view, and comprise almost 60% of the CS core.  But for 
an application developer, it’s important to think about other 
critical issues that come up in developing systems designed for, 

e.g., business or personal use. These include business process 
flow, financial and accounting concerns, user requirements, 
usability of graphic user interfaces, security, and others 
considered in the next section.  We conclude that some core 
advanced CS topics are not necessarily essential metacognitive 
and analysis, evaluation, creation knowledge for someone 
developing applications in business and personal domains.  Of 
course, it is generally agreed that some of the standard 
advanced CS curriculum is important for an applications 
developer: discrete mathematics, algorithms and data 
structures, and software engineering, for example.  But for 
other courses, there may be other training with significantly 
higher marginal utility to the training goals for an applications 
developer. 

The point of this basic analysis of a typical CS program is 
that much of the required curriculum is not centered on 
building applications for non-science/engineering application 
domain users.  This leaves the question of which traditional CS 
topics are essential for application developers, and what other 
topics outside these are most useful? The next section looks to 
recent ACM/IEEE Joint Curriculum Task Force’s 
recommendations for insight. 

A. ACM/IEEE Curriculum Task Force Recommendations 

Up until 2001, the ACM/IEEE recommendations for 
computing curriculum [3, 33] were aimed at computer science 
programs.  By 2005 [34] however, the computing curricular 
recommendations were broken out into five separate 
computing disciplines – using the ACM/IEEE notation and 
acronyms: computer engineering (CE), computer science (CS), 
information systems (IS), information technology (IT), and 
software engineering (SE).  Each area was mapped onto a 
matrix/graph with five fundamental features on one axis (going 
from most hardware-oriented to most organizationally-
oriented: computer architecture and hardware, systems 
infrastructure, software methods and technologies, application 
technologies, organizational issues and IS), and a continuum of 
development issues on the other axis going from more 
theoretical on one end (theory, principles) to more applied on 
the other end (application, deployment). Recognizing some 
overlap in areas, CE mapped largely onto hardware and 
systems infrastructure at all levels of theory and application, 
CS mapped largely onto system infrastructure, software 
methods, and applications mostly at the theoretical end, IS 
mapped onto organizational issues at all levels, and application 
technologies, software methods, and systems infrastructure at 
the application end, IT mapped onto organizational issues, 
application technologies, software methods, and systems 



infrastructure mostly at the application end, and SE mapped 
onto systems infrastructure, software methods, and application 
technologies at all levels, with particular emphasis on software 
methods. 

The specific curricular recommendations of this 2005 and 
subsequent area-specialized ACM/IEEE reports are complex, 
but can be summarized as requiring a foundation in these ten 
critical elements (somewhat simplified): discipline 
underpinnings; computer programming; limitations of 
technology; system lifecycle; concept of a process; area-
specific advanced topics; interpersonal & management skill; 
exposure to application areas; professional, legal, & ethical 
issues; and integration of experiences via capstone project 
course. 

Within this common foundation there are differences in 
emphasis for each of the five computing areas identified.  CE, 
CS, and IS followed a continuous flow from previous 
recommendations because they historically have relatively 
large numbers of programs with a relatively long history.  On 
the other hand, IT and  were described as “the new kids on the 
block” in the US because they are relatively recent responses to 
a perception that new capabilities were needed but not handled 
by standard CS or IS programs.  For example, describing IT, 
they wrote: “IT programs exist, not because CS or IS programs 
failed to do their job, but because those disciplines each define 
themselves as having a different job.”  Similarly describing SE: 
“The development of SE is a response to a very real problem: a 
shortage of degree programs that produce graduates who can 
properly understand and develop software systems. CS 
programs have shown that they can produce students who have 
sound skills in programming fundamentals.  However, many 
believe that they have not been successful at reliably producing 
graduates able to work effectively on complex software 
systems that require engineering expertise beyond the level of 
programming fundamentals. “  

A somewhat simplified view of the important differences 
between these five ACM/IEEE disciplines, ordered from more-
technical to less-technical requirements, is given by: 

CE:  growing out of electrical engineering; strong physical 
science, engineering, math focus; little emphasis on software 
development, application technology,  or organizational issues. 

CS:  less emphasis on physical science & engineering; strong 
math focus; strong emphasis on software development but 
focus on system internals; less focus on application technology 
or organizational issues. 

SE:  little emphasis on physical science & engineering; 
medium math focus; strong emphasis on software development 
but focused on applications, the software development 
lifecycle, methods, standards, testing, and quality control. 

IT:  little emphasis on physical science & engineering; little 
math focus; medium emphasis on software development but 
focus on practical technology issues, networking, database 
management, project management and planning. 

IS:  zero emphasis on physical science & engineering; little 
math focus; medium emphasis on software but focused on 

organization/user software like databases, user-centric systems, 
information management. 

The remainder of the section focuses on the two new areas 
to which this paper is largely directed – SE and IT.  One would 
get the impression from reading the ACM recommendations 
that programs in even the more technical of the two areas, SE, 
would significantly deemphasize typical physical science and 
engineering training and re-focus mathematics training from 
the continuous mathematics needed in physical sciences and 
engineering such as calculus, differential equations, and linear 
algebra towards more discrete mathematics.  But the only two 
exemplars given in even the latest report from 2014 [35] show 
the standard three courses in science/engineering calculus, two 
terms of calculus-based physics, general chemistry with lab, an 
additional physical science course, and in one of them, matrix 
analysis and ordinary differential equations.  This is the 
standard math/science background for most engineering 
programs. We concede the utility of mathematics and physical 
science in general. But there are limits to the number of 
required courses in a major and other areas like quantitative 
analysis for business, accounting and finance, economics and 
econometrics, operations research and optimization, 
planning/scheduling, supply-chain analysis, psychology of 
users and user interface design and areas may be more useful 
for many application developers.   

The latest ACM IT recommendations from 2008 [36] show 
even reduced physical science and mathematics requirements 
than for SE – calculus was rarely mentioned and science 
focused mostly on “the scientific method”.  Although no 
curricular exemplars are given, even a cursory review of IT 
programs in the US indicates that although some programs still 
do require calculus, physics, or other lab sciences, these 
requirements are generally at a lower level. 

We conclude from this review of ACM/IEEE 
recommendations that there can be a significant reduction in 
purely technical CS training for a software development 
program designed for domain applications outside of  
engineering and computer science. 

IV. TEACHING PROGRAMMING FOR INFORMATION 

SCIENCES AND TECHNOLOGY 

Penn State’s College of Information Sciences and 
Technology (IST) is part of the “i-school” movement, and 
graduated its first Bachelor’s degree class in 2003.  The 
intellectual range of the college is very broad, with faculty 
ranging from engineers and computer scientists to 
psychologists, sociologists, and business school graduates.  
There are several Bachelor of Science options in two majors, 
including people organizations and society, IT integration and 
application, information and cyber security, intelligence 
analysis and modeling, and design and development. The 
College has offered an Application Design and Development 
(D&D) option since its inception.  Up until a few years ago, the 
option’s emphasis was on high-level design, requirements 
planning, user interfaces, and project management.  
Programming fundamentals, data structures and algorithms, 
software engineering, and application development and 
implementation were not emphasized. Changes to the 



curriculum were proposed by the authors about five years ago 
and approved in 2014. These changes increased attention to 
programming fundamentals, application of data structures and 
algorithms, object-oriented design and programming, software 
engineering, and agile and test-driven development.  

As a result, the D&D option of the IST BS degree now 
maps closely to the ACM recommended curricula for Software 
Engineering (for the specific option requirements) and 
Information Technology (for the underlying major 
requirements).  Option focus is entirely on development for 
application domains like business and web development and 
away from system internals.  Math requirements, discussed 
later, are relatively lower than those for a typical CS program.  
The primary programming language is Java, not C/C++.  The 
emphasis on data structures and algorithms is on how to assess 
their efficacy and complexity and how to properly select and 
use them in practice.  PBL is used throughout the curriculum, 
but the first two programming courses focus on individual skill 
development, even if learning some skills in pairs or teams. 
But beyond those two courses, much work is done in pairs and 
teams.   

The option emphasizes real-world application domain 
problems from the very beginning.  This is done starting with 
the first required survey course on IST, the two beginning 
programming courses, as well as early courses on data 
management, databases and networking – all during freshman 
year.  Examples are tailored to business and user-centered 
applications, and scientific/engineering applications are 
deemphasized.   

The focus of the first applications programming course is to 
build a basic mental model of how computers and computer 
programs work, compile and run programs using basic data 
types, type safety, promotion and casting, variables, Java 
operators, Boolean decision-making and control-of-flow, 
loops, arrays, methods/functions, scoping rules, very basic 
exception handling and file input/output, and not much else in 
the way of programming concepts. This course carefully 
develops basic programming foundations and enforces good 
programming habits like naming variables, indenting blocks, 
simple program debugging and testing, and modular thinking.  
However, the application domains are decidedly non-
science/engineering oriented.  Most examples and exercises are 
business and user-centric. 

The second applications programming course, specifically 
designed for D&D students, focuses on object-oriented 
programming, basic event-driven, graphic user interface 
development, finally basic data structures and algorithms.  
Again the focus is mainly on business and user-centric 
applications.  Data structures and algorithms are explored 
mostly from the point of view of the Java Collections 
Framework and frequently makes use of built-in methods for 
common tasks such as sorting and searching.  Instead of 
writing their own data structures like linked-lists and 
algorithms like binary search, students focus on using them in 
applications.  Instead of the theory of complexity, students run 
simple experiments to see how different data structures and 
algorithms scale when the data set size increases.  This and 

succeeding courses strongly emphasize defensive design and 
design-by-contract, and introduce test-driven development. 

As students progress through the option, the focus widens 
significantly from strictly technical topics. Object-oriented 
design is treated as a separate course, and also covers 
interacting with users, requirements analysis and developing 
practical use cases.  UML and CASE tools are used to study 
user interactions, class structure, as well as system architecture 
and deployment.  Students study software lifecycle 
development models such as waterfall, iterative and 
incremental, spiral development, and a range of agile 
methodologies.  In parallel, all IST majors take a course on 
“the user” – basic principles of the psychology of users, how 
users interact with systems, and how to study the needs of 
users. 

The option also includes two-course D&D studio design 
sequence to give students a chance to practice different 
approaches learned in more fundamentals-based courses.  Each 
D&D student must take at least one of these studio courses, 
and many take both.  These studios are the subject of a 
concurrent paper at this conference [37]. 

At the senior level, there are three core courses in software 
engineering of large systems, user interface design, and 
distributed object computing, plus additional courses in web 
development and programming languages as they are available.  
Software engineering is typically a project-based course 
covering the entire software development lifecycle, but given 
what is done in earlier courses, especially focuses on agile 
development methodologies, formal unit-testing and more 
extensive test-driven development, quality assurance, and 
project estimating and management.  Distributed object 
computing concerns itself with the basics of concurrent 
programming (especially transactional systems), basic network 
and web programming, client-server and peer-to-peer systems, 
as well as database transaction processing and an introduction 
to middleware.  The user interface design course is more 
advanced study of users, user-centered design principles, and 
design of user interfaces.  Each D&D student must take at least 
two of these three senior core courses. 

This core development program give a total of two required 
core programming courses and four required advanced 
application development courses.  Beyond this, there are six 
core IST required courses (IST survey, data management and 
databases, networking, information in organizations, analysis 
of users, senior capstone project), three math/statistics courses, 
one business or technical writing course, and one core 
economics course, for a total of 17 prescribed core courses.  
This leaves room for three (required) to five support-of-option 
courses, which can be taken from application domain areas in 
IST or other areas such as business, economics, psychology, 
mathematics, computer science, or engineering. 

V. LESSONS LEARNED AND WAY FORWARD 

Because of the use of PBL, most IST D&D faculty interact 
closely with students, both in class and out. Thus some of our 
“data” are qualitative, based on close interactions with students 
over their four-year tenure.  Based on this and results of other 
assessments – tests, sample programs, and larger projects – we 



believe that senior-level students have significantly improved 
development skills, both in system specification and 
implementation since the first new courses were implemented 
about five years ago. Students are also increasingly succeeding 
in competitive development job interviews at top companies.  
Despite these improvements, there is still work to do. This 
section describes some of our experiences, issues confronted, 
and where we believe changes are needed. 

A. Mathematics requirements 

Many students arrive in IST without strong math 
backgrounds, at least relative to the typical math preparation of 
a physical science or engineering/CS major.  Most are not 
motivated to study math developed for physical science and 
engineering problems, which should not be surprising since 
they are not planning to study physical science or traditional 
engineering fields.  Currently, three core courses are required 
for all IST majors, regardless of option: calculus, basic (mostly 
descriptive) statistics, and discrete mathematics.  The first two 
do not focus on applications useful to many of these students.  
The third, discrete math, has a high topic density and prior 
math training does little to prepare them for the level of 
abstraction required.   The high topic density also leaves little 
time to explore appropriate applications of discrete math. 

One of the main issues is the one-size-fits-all approach to 
math training.  This is common in many technical disciplines, 
and is apparent in ACM/IEEE sample programs, e.g., [34-35] 
and even a cursory sample search of typical requirements of 
university computing programs. But this can become a serious 
issue in a college as intellectually diverse as IST.  It should be 
clear that D&D students need more math training than 
someone studying, e.g., people, organizations, and society. 
D&D students in particular need to slowly and carefully 
develop the critical foundations in critical thinking, deductive 
and inductive logic, sets, relations and functions, sequences, 
recurrences, and recursion, combinatorial analysis, discrete 
probability and statistics, number theory, graph theory, 
algorithms and data structures, basic algorithm analysis, 
language theory, and computational modeling, and then apply 
these ideas in their application programming and development 
courses. 

So it seems clear that the current mathematics focus in 
many application design and development curricula, including 
ours, would benefit from a significant shift away from physical 
science and engineering math courses and towards much more 
discrete math, algorithms, and data structures. This is 
consistent with the ACM/IEEE recommendations in, e.g., [34-
35].  Our students also tell us that lack of sufficient breadth and 
intensity in discrete math, algorithms, and data structures can 
be a major issue at competitive interviews at top development 
companies, not to mention when approaching further study in 
graduate school.  In fact, several top students have themselves 
proposed a new applied algorithms and data structures course 
to fill this need.  D&D faculty enthusiastically support this. 

B. Agile and Test-Driven Development 

As pointed out in the 2005 ACM/IEEE computing curricula 
recommendations [34], application developers and software 

engineers need significantly more focus on the application 
development process than is done in a typical computer science 
curriculum.  Two important ideas have emerged from current 
application development practice. First, students need to learn 
the discipline of design-by-contract and adherence to 
lightweight, agile development methods with closely-spaced 
but firm deadlines and rigorous code reviews to show progress 
on projects and avoid drift. Second, students need to develop 
the discipline of test-driven development and unit testing small 
units of code as they go.  In fact, these two approaches strongly 
support each other. This is primarily done in later courses, but 
the intent is to begin pushing these ideas earlier in the 
curriculum.  

C. Problem-Based Learning (PBL) 

The College of IST started out emphasizing PBL in its 
teaching methodology from the beginning. Learning to 
program requires constant practice and a great deal of time-on-
task. PBL supports in-class practice under the watchful eye of 
instructor and assistants.  Our experience is that properly 
managed individual and pair in-class programming sessions 
can significantly reduce student fear and confusion in early 
programming courses.  In more advanced courses, where 
students now have the basic core programming skills in-hand, 
PBL is used more to develop team software development 
skills. Using PBL, lecturing is used to a minimal extent to 
scaffold critical ideas and answer questions that come up.  
Then the maximum amount of time possible is available to 
coach students as they work on programming/design or math 
exercises and projects.   Potential barriers to this approach are a 
perceived lack of relevance, a lack of intensity, and insufficient 
preparation or scaffolding of critical knowledge by students. 

Interestingly, code academies typically embrace these 
principles – immersive learning, an active-learner environment, 
relevant and practical problems that engage students, and close 
interaction between students and faculty.  This is consistent 
with our experience that students learn skills like 
programming, design, and mathematics better in such an 
active-learner environment.  Future goals are to continue to 
make the D&D curriculum more relevant, eliminate 
unreasonable barriers, but double-down on critical foundational 
preparation so students can better handle abstraction and 
problem-solving approaches. 

D. Assessment, Learner Resilience, and Self-Efficacy 

Assessment of non-CS major beginning programming 
students can be a challenge. There are a few online 
programming practice systems in use, primarily to learn basic 
concepts and syntax. Most if not all instructors give weekly 
sets of problems and programming exercises.  Some are done 
in class with coaching, others out of class.  Many instructors 
have some type of class discussion forum where students can 
ask questions any time of day or night - students are 
encouraged to use it, and instructors or TAs respond quite 
rapidly to questions. But performance on out-of-class exercises 
has not necessarily been a good predictor of individual 
programming skill.   Thus in-class programming tests that, in 
total, make up a significant percentage of each student’s grade 
are an important part of assessment.  Sometimes this is 



questioned in a PBL context. However PBL is an active 
learning approach, not an assessment method.  The well-known 
earliest applications of PBL were in training medical doctors.  
To our knowledge, nobody has ever suggested that doctors 
shouldn’t be required to pass rigorous licensing and board 
examinations simply because they learned medicine using 
PBL. 

Writing computer programs on a timed test can be 
challenging for a beginning programming student. Many 
modern college students are used to multiple-choice tests of 
declarative knowledge and are not accustomed to performing 
technical tasks like programming on an in-class timed test.  
Many students tell us they dread these tests, even when given 
frequently for low stakes or with repetition permitted without 
penalty. So this type of rigorous assessment approach does 
frustrate some students and also makes a high grading load. 
Automated compilation and execution of electronically-
submitted student programs against test cases can help with 
grading load.  But there is no substitute for carefully reviewing 
each student’s code and giving rapid and fairly detailed 
feedback.  This is mostly an issue in larger sections – in small 
sections, it is often possible to accurately and fairly rapidly 
assess students on-the-spot during class.  This hands-on 
approach is far preferable to giving formal written tests, but has 
not scaled beyond 20-30 students per section, even with 
assistant support. 

Beyond these practical issues, some are concerned that 
rigorous assessment can lead to discouragement and low self-
efficacy in the sense of Bandura [38].  In [22], Wiedenbeck 
studied self-efficacy in the context of a first programming 
course for non-majors.  The results were preliminary, but the 
conclusion in [22] was that high prior self-efficacy was not 
necessarily a good predictor of performance, but that 
knowledge organization was.  This fits with Bandura’s model, 
which argues that students with low prior experience may 
actually overestimate their capabilities, leading to poor results.  
Instead, [22] argues that slow, steady knowledge building and 
organization led to better performance results.  This fits with 
our experience that slow, deliberate building of concepts,  
careful assessment, and rapid feedback are essential.  

E. Changing Landscape 

The emergence of big data and the complexity of data 
analytics is increasing pressure on non-traditional 
programming students to understand the intricacies of data 
structures and algorithms. Whereas in the past educators could 
reasonably focus on approaches to evaluation and selection of 
pre-existing structures, it may be more important than ever for 
all programming students to understand the design, rationale, 
and implementation of sophisticated data manipulation 
methods. There is also an ethical dimension to understanding 
algorithms since they are so pervasive and potentially 
consequential in our day-to-day activities.  

Similarly, the evolving “internet of things” is increasing 
interest in a sound understanding of heterogeneous application 
programming interfaces and low-level hardware device drivers. 
These are areas that have been outside the scope of what an 
application developer needs to do their work.  For example, 

some of our development students are very interested in 
projects using Arduino and Raspberry Pi platforms to do 
projects in many application areas.  This doesn’t necessarily 
imply that all applications developers should suddenly be 
required to take a full complement of CE/CS courses on system 
internals.  Our D&D students who are motivated in this 
direction seem to have no problem pursuing the required 
knowledge, provided they have clearly mastered basic 
programming and development principles. 

VI. CONCLUSION 

Both prior literature and our experience indicate that many 
factors influence the ability of non-traditional students to learn 
programming and application development skills.  From the 
student point of view, these include their degree of passion for 
learning; their confidence and perception of self-efficacy when 
faced with a difficult problem [22]; the time and effort they are 
willing to invest learning; and how they handle abstract ideas 
and organize their prior programming knowledge, including 
common solution plans and patterns. From the instructor point 
of view, these include the relevance of the problems and 
exercises students work on as part of a course [23], including 
the ability to create exciting problems that capture their 
imagination [25-26]; the degree to which active experiences 
are used to enhance learning [16, 39]; and the ability to give 
appropriate and rapid feedback of performance without 
crushing students’ confidence and enthusiasm for the subject. 

Our experiences suggest that both PBL and active, 
collaborative learning are important pedagogical techniques for 
teaching application development, in line with the positive 
experiences reported in [16, 39]. But overuse of collaboration, 
especially in assessed work, without considering its context can 
be a double-edged sword by allowing students to potentially 
skirt difficult but important concepts and tasks.  The objective 
should be to gently but firmly push students in the “correct” 
direction. 

Finally, empowering learning in a design and development 
curriculum is informed by gathering data and applying relevant 
science. But success also involves important components of art 
and passion – from both students and faculty.  These qualities 
are typically hard to measure, but generally recognizable when 
observed.  And thus we would argue that a certain degree of 
flexibility and willingness to dynamically adapt teaching 
methodology is essential to capture that passion when it reveals 
itself. 

ACKNOWLEDGMENT 

Both authors thank Larry Spence and Fred Fonseca for useful 
discussions over many years about teaching and problem-based 
learning. 

REFERENCES 
[1] L. Eggleston. (2015, June 28).  2015 Bootcamp Market Size Study 

[Online]. Available: https://www.coursereport.com/2015-coding-
bootcamp-market-research.pdf 

[2] L. Eggleston, L. (2015, October 26).  Course Report Bootcamp 
Graduate Demographics & Outcomes Study [Online].  Available:  



https://www.coursereport.com/resources/course-report-bootcamp-
graduate-demographics-outcomes-study 

[3] ACM/IEEE Joint Task Force on Computing Curricula (2001, December 
15).  Computing Curricula 2001 – Computer Science [Online].  
Available: 
http://www.acm.org/education/education/education/curric_vols/cc2001.
pdf 

[4] ACM/IEEE Joint Task Force on Computing Curricula (2008, November 
15).  Computer Science Curriculum 2008: An Interim Revision of CS 
2001. [Online].  Available:  
http://www.acm.org//education/curricula/ComputerScience2008.pdf 

[5] ACM/IEEE Joint Task Force on Computing Curricula (2013, December 
20).   Computer Science Curricula 2013: Curriculum Guidelines for 
Undergraduate Degree Programs in Computer Science. Available: 
http://www.acm.org/education/CS2013-final-report.pdf 

[6] A. Soares. “Problem based learning in introduction to programming 
courses”.  J. Comput Sci College, vol. 27, p 36, October 2011. 

[7] J. O’Kelly and J. Gibson.  “RoboCode & Problem-Based Learning: A 
non-prescriptive approach to teaching programming”.  In Proc. ACM 
ITICSE, vol. 11, pp. 217-221, September 2006 

[8] C. Loftus, L. Thomas, and C. Zander.  “Can graduating students design: 
Revisited”.  In Proc. ACM SIGCSE, vol. 42, pp. 105-110, March, 2011. 

[9] R. Lingard and S. Barkataki. “Teaching teamwork in engineering and 
computer science”. In Proc. IEEE FIE, pp. F1C-1 – F1C-5, October, 
2011. 

[10] [A. Begel and B. Simon.  “Novice software developers, all over again”.  
In Proc. ACM ICER, vol. 4, pp. 3-14, September, 2008. 

[11] [A. Begel and B. Simon. “Struggles of new college graduates in their 
first software development job".  In Proc. ACM SIGCSE, vol. 40, pp. 
226-230, March, 2008. 

[12] A. Radermacher and G. Walia, “Gaps BetweenIndustry Expectations 
and the Abilities of Graduates: Systematic Literature Review Findings”.  
In Proc. ACM SIGCSE, vol 44, pp. 525-530, March, 2013. 

[13]  R. Vivian, K. Falkner, N. Falkner, and H. Tarmazdi.  “A Method to 
Analyze Computer Science Students’ Teamwork in Online 
Collaborative Learning Environments”.  ACM Trans. Comput. Ed., vol. 
16, article 7, March, 2016. 

[14]  J. Bennedsen and M. Caspersen. “Failure rates in introductory 
programming”. SIGCSE Bulletin, vol. 39, pp. 32-36, June, 2007. 

[15] C. Watson and F. Li. “Failure Rates in Introductory Programming 
Revisited”.  In Proc. ACM  ITiCSE, vol. 19, pp. 39-44, June, 2014. 

[16] A. Ambrosio and F. Costa,  “Evaluating the Impact of PBL and Tablet 
PCs in an Algorithms and Computer Programming Course”,  In Proc. 
ACM SIGCSE, pp 495-499, March, 2010. 

[17] S. Dehnadi, S. and R. Bornat. (2006, February 22). “The camel has two 
humps (working title)”.  Available: 
http://www.eis.mdx.ac.uk/research/PhDArea/saeed/paper1.pdf  

[18] R. Bornat.  (2014, July 24). “Camels and humps: a retraction”. 
Available: 
http://www.eis.mdx.ac.uk/staffpages/r_bornat/papers/camel_hump_retra
ction.pdf 

[19] B. Adelson and E. Soloway. “The role of domain experience in software 
design”. IEEE Trans. Softw. Eng, vol. 11, pp. 1351–1360, November, 
1985 

[20] K.M. Galotti and W.F. Ganong. “What non-programmers know about 
programming: natural language procedure specification”. Int. J. Man-
Mach. Stud., vol.  22, pp. 1-10, January, 1985. 

[21] P.K. Chilana, C. Alcock, S. Dembla, A. Ho, A. Hurst, B. Armstrong,   
and P.J. Guo.  “Perceptions of non-CS majors in intro programming: 
The rise of the conversational programmer.” In IEEE Symp. Vis. Lang. 
Human-Centric Comput., pp. 251-259, October, 2015. 

[22] S. Wiedenbeck, S. “Factors affecting the success of non-majors in 
learning to program”.  In Proc. ACM Int. Wkshp. Comput. Ed. Res., vol. 
1, pp. 13-24, October, 2005. 

[23] S. Kurkovsky. “Making computing attractive for non-majors: a course 
design”. J. Comput Sci College, vol. 22, pp.  90-97, January, 2007. 

[24] J. Ousterhout. (1998). "Scripting: Higher Level Programming for the 
21st Century".  IEEE Computer Magazine, pp. 23-30, March, 1998. 

[25]  M. Stepp, J. Miller, and V. Kirst. “A CS 1.5 introduction to web 
programming”. In Proc. ACM SIGCSE, vol. 40, pp. 121-125, March, 
2009. 

[26] W.L. Honig. “Teaching and assessing programming fundamentals for 
non majors with visual programming”.  In Proc. ACM ITiCSE, vol. 18,  
pp. 40-45,  July, 2013. 

[27] A.D. Ritzhaupt, T.G. Gill. “A hybrid and novel approach to teaching 
computer programming in MIS curriculum”. In Negash, S., Whitman, 
M., Woszczynski, A., Hoganson, K., & Mattord, H. (Ed.), Handbook of 
Distance Learning for Real-Time and Asynchronous Information 
Technology Education, Hershey, PA: IGI Global, 2008. 

[28] I.C. Ehie. “Developing a management information systems (MIS) 
curriculum: perspectives from MIS practitioners”. J. Ed. Bus., vol 77, 
pp. 151-158, January-February, 2002. 

[29]  L. Porter and B. Simon. “Retaining nearly one-third more majors with a 
trio of instructional best practices in CS1”. In Proc. ACM SIGCSE, vol. 
44, pp. 165-170, March, 2013. 

[30] R.H. Sloan and P. Troy. “CS 0.5: a better approach to introductory 
computer science for majors”. In Proc. ACM SIGCSE, vol. 39, pp. 271-
275, March, 2008. 

[31] B. S. Bloom (Ed.),  M.D. Engelhart,  E.J. Furst,  W.H. Hill,  and D.R. 
Krathwohl.  Taxonomy  of educational objectives: The  classification of  
educational goals.  Handbook  1:  Cognitive domain. New  York, NY:  
David  McKay, 1956. 

[32] L.W. Anderson (Ed.),  D.R. Krathwohl (Ed.),  P.W. Airasian, K.A. 
Cruikshank,  R.E. Mayer,  P.R. Pintric, J. Raths, and M.C. Wittrock.  
(2001).  A  taxonomy  for learning,  teaching,  and  assessing: A  
revision  of Bloom's Taxonomy  of Educational  Objectives (Complete  
edition).  New  York, NY:  Longman, 1956. 

[33] A. B. Tucker, ed.  (ACM/IEEE Joint Task Force on Computing 
Curicula.  Computing Curricula ’91.  IEEE Computer Society, June 
1991. 

[34] ACM/IEEE Joint Task Force on Computing Curricula (2005, September 
30).  Computing Curricula 2005: The Overview Report covering 
undergraduate degree programs in Computer Engineering, Computer 
Science, Information Systems, Information Technology, Software 
Engineering. [Online].  Available:  
http://www.acm.org/education/education/curric_vols/CC2005-
March06Final.pdf 

[35] ACM/IEEE Joint Task Force on Computing Curricula (2015, February 
23). Software Engineering 2014: Curriculum Guidelines for 
Undergraduate Degree Programs in Software Engineering.  Available:  
http://www.acm.org/binaries/content/assets/education/se2014.pdf 

[36] ACM/IEEE Joint Task Force on Computing Curricula (2008, 
November). Information Technology 2008: Curriculum Guidelines for 
Undergraduate Degree Programs in Information Technology. 
Available: 
http://www.acm.org//education/curricula/IT2008%20Curriculum.pdf 

[37] S.R. Haynes and D.R. Mudgett. “A Design Studio Course in Application 
Development: Lesson Learned”. IEEE FIE, October, 2016, submitted 
for publication. 

[38]  A. Bandura. “Self-efficacy”.  In Encyclopedia of Human Behavior, Vol. 
4, V.S. Ramachaudran, Ed.  New York, NY: Academic Press, NY, 1994, 
pp. 71-81. 

[39] Poindexter, S. (2003). “Assessing Active Alternatives for Teaching 
Programming”, Journal of Information Technology Education, Volume 
2. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


