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Abstract— A step-based tutoring system is being developed to
improve student learning in elementary linear circuit analysis
courses. The approach is based on the known importance of
viewing worked examples or solutions in alternation with
problem-solving exercises of the same type, to avoid excessive
cognitive loads when learning a new skill. The system can
generate an unlimited supply of circuit problems (with randomly
varying topologies) similar to those in textbooks and
corresponding fully explained solutions for both DC, AC, and
transient analysis. Solution methods and topics include voltage
and current division, node and mesh analysis, superposition,
Thévenin and Norton equivalents, Bode plots, and Laplace
analysis. Special pedagogical devices are used to reduce
extraneous cognitive load when using the system, such as color-
coding nodes and equation terms. Qualitative conceptual topics
such as series and parallel connections are given special
emphasis. The system has been used to date by over 2860
students in 71 class sections at 10 different colleges and
universities of widely varying types, with generally very
favorable student ratings. Evaluation has included a series of
randomized, controlled trials in both laboratory and classroom
settings to rigorously assess student learning gains as well as the
impact of the materials on student motivation and preferences.
Learning improvements of 0.72 std. deviations are found in
comparison to a publisher-based homework system for node
analysis, and 0.97 std. deviations for identification of elements in
series and parallel compared to paper exercises.

Keywords— linear circuit analysis; computer-aided instruction;
step-based tutoring; learning by example

I. INTRODUCTION

Effective learning in large enrollment, fundamental and
widely-taught courses such as linear circuit analysis is critical
to improving overall retention and graduation rates in
engineering programs. Our approach to help achieve this goal
is to develop highly interactive, individualized computer-based
instruction using the step-based tutoring approach as a
substitute for traditional paper-based or publisher-based
homework systems. Example-based learning is already known
to be very important to developing systematic analysis skills, in
combination with problem-solving [1-3]. We extend this
traditional method in our system to use “engaged examples,”
where students have the option to view a complete, fully-
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worked and fully-explained solution to a problem at any time
when they are unable to complete the problem on their own. At
that point, students are highly invested in solving the specific
problem in question (as opposed to traditional examples
encountered prior to problem solving), and are therefore highly
motivated to study the solution to find out where they went
wrong or what they should have done next. A key feature is
that students are never penalized for viewing these engaged
examples, so that we can enhance their motivation and self-
confidence. Students can “give up” and view such examples as
many times as needed, from none at all to as many repetitions
as they desire, due to our unique ability to generate an
unlimited supply of new problems of the same type and
difficulty, but completely different circuit layouts.

The automated problem generation approach (including
automated generation of highly detailed solutions) is the key
underlying technology that enables the system, in conjunction
with specialized interfaces to easily accept many forms of
analytical and graphical inputs for automated answer checking.
Mastery learning of each topic is required, ensuring that
students are well prepared for subsequent topics that depend on
prior ones. The system adapts to the needs of each individual
student by providing as many or as few exercises of each type
as that particular student needs to attain mastery. Assessment
of student learning and opinions has been carried out using a
number of rigorous, randomized, controlled experiments in
both laboratory and classroom-based settings, and has yielded
substantial learning gains in comparison to both traditional
paper-based and commercial publisher-based electronic
homework systems.

II. BACKGROUND AND APPROACH

A variety of computer-based approaches has been utilized
in prior work on instructional systems for linear circuit analysis
[4-25]. Many of these have involved either a fixed set of pre-
generated problems or have been algorithmic in nature, where
one or a few element values are randomly varied in a given
circuit problem and the computer assesses if the student has
computed the correct answer for those specific values [5, 9, 11,
15-19, 21-25]. In particular, most commercial publisher-based
systems are of this nature. Such “answer-based tutors” are
known to be considerably less effective than the present step-



based approach, where many different steps of the student’s
work are accepted and evaluated prior to the final answer [26].
Moreover, many of the prior studies did not include any
evaluation of their effects on student learning, or did not
include a measure of student ability in the experimental and
control groups [5, 9, 11, 15-19, 21-25]. Some systems have
also not been comprehensive and addressed only a narrow
range of topics [15, 25]. Our goal (not yet fully attained) is to
cover all of the topic areas in a traditional two-semester linear
circuits course. Further, our system is designed to accept a
wide range of input types, including graphical input of
waveforms as a function of time, Bode plots, drawing or re-
drawing of circuit diagrams (e.g., during simplification, source
transformations, or superposition approaches), equations (using
special template-based interfaces designed to provide
scaffolding of the student work), simplified forms of equations,
matrix equations, numerical answers, and multiple choice
inputs. Nearly all prior systems have been limited to accept
only numerical and multiple choice answers and equations in
some cases [4, 5, 10-12, 15, 17, 18, 21-24, 27].

We feel that to maximize the effectiveness of any
automated tutoring system, it is important to use design
principles that build on existing knowledge about how students
learn this type of subject. The principles of cognitive load
theory suggest that an effective system should avoid
overloading a student’s working memory with too many items,
so that appropriate complex schemas can be developed and
stored in long-term memory to aid in future problem solving
[2]. The used of worked examples helps to minimize this load,
and thereby facilitates learning, as is well known [1-3].
Specifically, Anderson, Fincham, and Douglass posited that the
learning of a new cognitive skill such as recognizing elements
in series and parallel or solving circuit problems involves four
overlapping stages [28]. In the first stage, students make
analogies to solved examples to solve new problems. In the
second stage, students develop abstract declarative rules to
embody their knowledge, and in the third stage they create
production rules to implement the declarative knowledge. In
the fourth stage, they progress to recall specific examples from
memory based on extensive prior experience, speeding up their
performance. Learning from worked examples is highly
important in the first two stages, but students must progress to
active problem solving in the later stages [1]. Alternation
between viewing of worked examples and working problems
on their own is highly effective in the first two stages [1]. In
our case, we extend these principles to use engaged examples,
where students are shown fully explained solutions to the
problems they are already trying to solve, in order to maximize
their motivation and interest in the examples being shown. We
also provide access to fully worked examples that are directly
isomorphic to all assigned exercises.

Another goal of our system is to optimize long-term
retention and the ability to flexibly transfer learned concepts
and skills to new situations and problem types. To do so, we
have begun to incorporate some of the “desirable difficulties”
discussed by Bjork into the learning process [29]. For
example, the use of frequent low-stakes testing, even prior to
learning, is known to be highly effective in stimulating learning
[30]. All of our modules will therefore incorporate both pre-

and post-tests (though in some cases they are not yet
implemented, but will be included prior to finishing the
software). These tests stimulate retrieval of previously stored
and learned information, which is known to strengthen the
memory of that information [31]. Further, pre-testing is
effective in potentiating subsequent learning even when
students answer very few of the questions correctly, both by
directing subsequent attention and also by activating
subsequent encoding of information [32]. The exercises
themselves qualify as tests in this respect, and providing
frequent feedback on right and wrong answers (with detailed
explanations, where requested) is known to be a very effective
method to enhance learning [32]. Further, the testing can help
improve students’ metacognition regarding what they do and
don’t know well [33]. Frequent experience with low-stakes
testing can also reduce anxiety on subsequent high-stakes tests
[34].

Our system also aims to minimize undesirable learning
difficulties, such as extraneous cognitive load [2]. For
example, students may initially have difficulty visualizing the
ways in which wires interconnect various circuit elements to
form nodes. We provide color coding of the nodes to scaffold
the initial learning of this task, then withdraw that support at
higher levels where students have already practiced this skill
and are advancing to mastery of the subject. Further, we color
code individual equation terms to help students easily match
the structure (terms) of each equation to the corresponding
branch current or voltage. We also color code sets of elements
in series and parallel when presenting those concepts. These
pedagogical devices help students focus on the core concepts
(the germane cognitive load).

The Circuit Tutor system supports the use of active learning
even during the initial presentation of the concepts in the
tutorials that precede the exercises for each topic. We present
small amounts of textual material, alternating with multiple
choice and similar types of questions that engage the student in
learning the material more effectively than traditional textbooks
containing large sections of text and noninteractive examples.
In this respect, our system is similar to the successful
interactive electronic textbooks that have recently been
developed in other domains [35]. Instructors can view student
progress and answers on these tutorials from a web-based
instructor interface, and students are required to complete the
tutorials prior to being able to access the examples and
exercises.

III. CIRCUIT GENERATION AND SOLUTION ENGINE

The three-stage process used in our system to create
random circuit topologies that are both soluble and similar to
the “typical” problems found in linear circuit textbooks has
been described in detail elsewhere [36-42], along with the
criteria used to define a “good” problem. Automated solution
methods such as node and mesh analysis (using concepts such
as supernodes and supermeshes) and simplification steps such
as combining elements in series and parallel have also been
described [36-42]. Here, we focus on some of the additional
automated solution methods we have implemented more
recently. All of these methods are analytical in their approach
and use approaches typically taught in beginning textbooks, as



Cormpute the following 2 guantities for this circuit:

(a) Vo Puiss (14)

Here, Py,q. (1 £2) denates the power dissipated in the gray-labeled 1 Q resistor.
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Compute the following 2 quantities for this circuit:

(b) zni Wiz

w15 the voltage difference VV, — ¥, where m and n are node indices

Sought variable equations

In a series circuit, the voltage provided by the source is divided among the resistances.
The voltage across each resistance is the source voltage multiplied by the ratio of the
resistance in guestion to the sum of all the resistances in series

Because the polarities of the voltage source and the sought voltage have opposite senses
(the positive side of the source is connected to the negative side of the sought voltage),

the sought voltage has a negative sign in this equation

10
Vo=—4%

R ——— = _p3mVv
1Ta+5a+7Q

The power dissipated in this resistor is P = I = V4R, where ' is the sought voltage VvV,

we already computed above

(v
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Sought varable eguations

Given that we have been asked to find a non-branch voltage in this circuit, we cannot simply use the

norral voltage division formula, Instead, we apply KL around the closed loop to solve for the unknown

current /;, which we define as that traveling in a clockwise direction around the circuit as indicated

Wye can then use that current in & second application of KL to find the desired non-branch voltage(s).

To do this, we add the voltage DROPS across each element, traveling in a clockwise direction
As this direction is the same as that of £, we are automatically using the passive sign
convention for each passive elernent, so that those terms have positive coefficients.

Further, the voltage drop across each voltage source we encounter is just the valus

of the source if we encounter its positive side first, or the negative of its value if we

encounter its negative side first

v W20) =7V +(30) + L7 @) =0

Solving this equation yields [, = 0.683 A, Mext, we use that value to find each desired guantity

Using the passive sign convention, the vaoltage ¥ across the 2 @ resistance is just that resistance

multiplied by the net current entering its positive side. This current is just the negative of mesh current 7,

because /; enters the negative side of voltage ¥,

V=L @)= 117y

Finding the non-branch voltage I, requires that we sumn all voltage rises from node 3 to node 1,
using & path that does NOT go through any DC capacitors or current sources, whose voltages would be unknown

Each voltage source along this path (if any) contributes a positive voltage rise if we encounter its negative

terminal first, or a negative voltage "rise” (really a drop) if we encounter its positive terminal first.

The voltage rise across each resistance is [, times that resistance if the direction of /; is opposite to

our direction of travel along the path, as the passive sign convention implies a positive rise in that case,
or negative /; times that resistance if /; is directed along the chosen path

Wye choose to do this using the path where the resulting expression will be the simplest:

Vig=7Y -1 (30) =525y

Fig. 1. Automatically generated single loop analysis examples, showing the computer-generated equations and solutions. (a) (Top) Simple case where the normal
voltage division formula can be used. (b) (Bottom) Case where KVL must be used to find a non-branch voltage.

opposed to the numerical (modified nodal analysis) approaches
taken by circuit simulation software such as PSPICE.

One very important method is voltage and current division
(or more generally, single loop and single node-pair analysis
methods). These approaches are essentially limiting cases of
general mesh and nodal analysis for simple circuits, but can use
specific formulas that should be familiar to all circuit analysts.
Such methods can often be applied even when the circuits do
not strictly meet the criteria of being single loop or single node-
pair, as we have discussed elsewhere [43]. They are also very
important as the methods of choice when using superposition
or when doing many transient analyses. Automatic generation
of solutions using these methods can be surprisingly
complicated when considering all possible cases. Unusual
cases include those involving one or more dependent sources
(which are introduced in some textbooks for this type of circuit,
even though they are necessarily equivalent to resistors or to

negative resistors in this case); single loop cases involving a
current source or single node-pair cases involving a voltage
source (which require application of Ohm’s law rather than the
usual voltage or current division formulas); and cases with a
variety of sought quantities (i.e., unknowns to be found by the
student), such as branch currents, branch voltages, branch
powers, and “non-branch voltages” (voltages not appearing
across a single element in the single-loop case). Many of these
cases require (or are more efficiently addressed by) explicit use
of Kirchoff’s voltage law (KVL) or Kirchoff’s current law
(KCL), in place of the “usual” voltage/current division
formulas. Also, the system must accept a wide variety of
possible correct forms of the answers, particularly for sought
powers, which can often be written many different ways. The
expressions for sought non-branch voltages involve a sum of
terms involving voltage drops across several circuit elements



and must be written using KVL along one of two possible
paths connecting the two nodes whose voltage difference is

sought.

We have now completed the
very complex code required to
handle all these different situations
efficiently and to accept a wide
variety of wvalid forms for the
student answers. The answers (as in
the case of node or mesh analysis)
are formed using a palette of terms
in standard form where the student
is required to select the appropriate
terms in a given case and fill in all
the blanks in those terms with
appropriate values. This code also
provides much more detailed
explanations of the computer-
generated equations (in examples or
worked solutions) than is normally
done in node or mesh analysis,
because students studying this topic
normally do so prior to learning
node or mesh analysis and are at an
earlier stage in developing their
understanding of circuit principles.
All of the above code can handle
both DC and AC (phasor analysis)
circuits equally well, treating
inductors as short circuits and
capacitors as open circuits in the
DC case (as may be needed for
transient  analysis). Example
solutions are shown in Figs. 1(a)
and (b), respectively, for voltage
division in cases where the
traditional voltage division formula
suffices and where KVL is instead
needed explicitly.

We have further developed the
ability to solve problems involving
superposition using the above
methods. The student will use our
interactive circuit editor [39-41] to
turn “off” all but one of the
independent voltage or current
sources in such cases prior to
carrying out the solution. In cases
where the resulting circuit must be
presimplified prior to using single
node-pair or single loop methods
(simplifiable, voltage or current-
splittable, or iteratively solvable
cases as defined in Ref. [43]), the
student will use the interactive
editor to carry out the required
operations on the circuit.

Problem
Given a transfer function

400jew

Hjw) = ———«———.
(jw)~ + 58w + 400

A. Find the limits of H{jw) when w—0 and w-—+co.
B. Identify the type and order of the filter corresponding to the above transfer function.

C. Draw a Bode magnitude plot for the above transfer function.

Solution to Part A:

e 33 400-0
lim H(jw) = ———— =10,
=0 0% 458+ 0+ 400
400j 400, 400 400
lim Hijo)= fm —— % jim 22— jim — =2 —q,
300 @00 ()2 +}% +;,wn’ o0 (fw)® @0 far 5

Solution to Part B:

The magnitude is attenuated at lower and higher frequencies. Further examination below will show this is a band-pass filter.
We can verify this conclusion after we obtain the Bode plot of the transfer function

The order of a filter is simply the number of poles in the transfer function. This filter has two poles, so it is a second order filter.

(Large portions omitted here)

In summary,

Break Frequency (rad/s) - 8 50
Type zero at origin simple pole simple pole
Slope to Right of Breakpoint (dB/dec) +20 0 =20
Slope Change (dB/dec) - -20 =20
Magnitude at Breakpoint (dB) - 181 181

The slopes in this table are obtained from the coefficients of log w in equation 2. The slope changes in this table are the
changes in the slopes of the asymptotic approximations going from the left side of a breakpoint to its nght side. Note thata
simple zero always produces a slope change of +20 dB/dec, and a simple pole always produces a slope change of -20
dB/dec. The magnitudes at the breakpoints are computed from the intercepts above.

Using this table, we can sketch the asymptototic approximation to the Bode magnitude plot from 0 to e as shown below
Specifically, we plot a point for the magnitude of |H(jw)| at each break frequency and connect those points by straight lines
Then we use the slopes to continue the sketch in the end regions.

[H(jw)| (dB)

01 10 100 W (radis)

Step 6: Sketch the exact curve of [H(jw]l.

Fig. 2. Portions of a web-based example for a problem where the student is asked to draw the Bode plot
for a given transfer function. Large portions of the explanation are omitted for brevity.



1V. WEB-BASED MODULES

Many of the newer portions of our system are entirely web-
based, which facilitates easy student access. Two tutorials
address the sketching of waveforms as a function of time. The
first relates basic electrical quantities such as charge, voltage,
current, power, and energy, and is usually covered near the
start of the course. The second relates quantities involving
capacitors and inductors, such as charge, magnetic flux,
voltage, and current, and is typically covered when first
introducing reactive elements in the middle of the course. In
both cases, the computer randomly generates a waveform for
one of the relevant quantities as a function of time, using
piecewise functions built from constants, ramps, sinusoids, and
so forth, and asks the student to sketch a different, related
quantity. These problems may involve simple multiplication
(as when relating capacitor charge to its voltage, for example),
differentiation (as when finding inductor voltage from its
current), or integration (as when finding capacitor voltage from
its current). In all cases a variety of metric prefixes is used to
promote familiarity with them.  The student sketch is
automatically evaluated for correctness, and the student can as
usual view fully worked examples or “give up” and view the
fully explained solution to the problem they are working on at
any time without penalty. They then receive a new problem of
the same type.

Another recently developed module asks students to sketch
Bode plots for a given transfer function, and also to determine
what type of filter is represented by that function. Every step
of the process is explained in great detail, including all of the
mathematical calculations and approximations involved, so that
even students with relatively weak mathematical backgrounds
should be able to follow the argument. An example of this
type is shown in Fig. 2 (though large portions of the
explanation are omitted there for brevity). The asymptotic
form of the Bode plot will be determined by the student by
approximating the transfer function appropriately at each break
frequency, then connecting those points and using the slopes in
the end regions to continue the plot beyond the break points.
Each step in the student’s work will be evaluated to ensure the
correctness of their procedure.

Another web-based module uses a template-based interface
to construct both direct and inverse Laplace transforms, the
latter using the partial fraction method in combination with
tables of transform pairs. Future extensions are planned to
cover Fourier analysis also.

V. EVALUATION OF STUDENT LEARNING

In previous work, we performed two randomized,
controlled trials to assess student learning using our system in
comparison to prior approaches. In the first, we compared
learning in a laboratory setting using student volunteers who
were randomly assigned either to use our software for one hour
on one qualitative and one quantitative topic (identification of
elements in series and parallel, and writing node equations for a
given circuit, respectively) in comparison to doing traditional
paper homework problems on the same topics [37, 38]. A
statistically significant advantage (p < 0.05) was found for our
system on a post-test with an effect size (Cohen d-value) of

1.21 pooled standard deviations (). A survey used to assess
the motivational impact of the software found a significant
advantage for our system with an effect size of d =0.91 o.

A second study was carried out in Fall 2014 in a classroom-
based setting, where students were randomly assigned in one
section of the EEE 202 (Circuits I) course at ASU to use either
Circuit Tutor or a widely-used, commercial publisher-based
homework system (denoted System X in the following) for DC
nodal analysis, and the opposite system for DC mesh analysis
[40, 41]. The problems in System X were selected to be very
similar in type and number to those used in the Circuit Tutor
exercises, though students may have to complete additional
problems in the latter case if they make too many errors while
doing the minimum required problem set. Significantly better
homework scores were achieved on the Circuit Tutor exercises
(p < 0.008 with an effect size d = 0.410). After completing the
required work, which counted towards their homework grade in
the course, students were given the opportunity to use the
system they were not required to use for each topic for
additional practice (but no additional credit of any kind). Fully
32 or 34% of the students assigned to use System X for a given
topic then voluntarily completed at least one level of the Circuit
Tutor exercises on that topic, but no students assigned to use
Circuit Tutor voluntarily completed any additional work in
System X. This strong preference was taken as a clear
indication of student opinions on the two systems. However,
the large crossover contamination that was permitted in this
experiment did not permit the administration of an effective
post-test to discern differences in student learning.

The experiment of Fall 2014 was therefore repeated in a
different section of EEE 202 in Fall 2015, but with the addition
of an in-class proctored quiz (post-test) administered on the due
date of the homework (prior to any students being allowed to
use the system they were not assigned to use on a given topic).
The ~45 minute paper post-test was the same for all students
and covered both nodal and mesh analysis. No pre-test was
employed, but random assignment of the ~70 students should
yield similar average ability levels in both groups. Further, the
overall scores of Groups A and B for the entire course
(including many other topics) were very similar (68.5% vs.
72.0%, respectively), as well as their scores on the DIRECT 1.0
concept inventory [44] covering basic electricity given at the
start of class (53.2% and 54.8%, respectively). Group A was
required to use Circuit Tutor for DC nodal analysis (two
tutorials, covering both the formulation and solution of nodal
analysis equations), and System X for DC mesh analysis.
Group B was required to do the reverse (use Circuit Tutor for
mesh analysis and System X for nodal analysis). In System X,
problems were selected to be very comparable to the typical
number and type of problems required in Circuit Tutor, and
students were allotted four attempts to input the correct final
answer. The problems in System X are algorithmic, where
each student uses the same circuit diagram, but one or a few
element values are randomly changed. Only the final
numerical value of the “sought quantity” is evaluated for
correctness. The correct solution (to a version with the same
element values as the textbook version) is shown if four
attempts are failed. All of the above homework was assigned
following the usual lectures and assigned readings on the



relevant material. Grading of the post-test was done by the
instructor in a “blind” fashion without knowing the group
assignment of the students being graded. In addition to the
post-test, all students were requested to complete an
anonymous survey (administered through the Blackboard
learning management system) that asked them to compare the
relative effectiveness of both systems for learning the material
and also which system they preferred using.

The results of the post-test for both groups are shown in
Table I. For nodal analysis, the Circuit Tutor users (Group A)
had a statistically significant higher average score [#(64) = 3.09,
p < 0.05] with a large effect size of 0.720. In the case of mesh
analysis, both groups did relatively well and the difference of
mean scores was not statistically significant [#(64) = 0.88, p =
0.38]. The latter result may reflect what we have found to be
the fundamentally easier nature of mesh analysis in comparison
to nodal analysis. This difference may be due to the relative
ease of visualizing voltage drops around a closed loop (mesh or
supermesh) in comparison to visualizing the currents leaving a
closed surface (node or supernode) in nodal analysis. The
easier nature of this topic may make it less sensitive to the
instructional treatment. There was however a very pronounced
preference of students for Circuit Tutor over System X (89%
vs. 6%, respectively, with the remaining students favoring both
systems equally). Students also felt strongly that Circuit Tutor
did a better job of teaching them the material than System X
(94% vs. 3%, respectively, with the remaining students rating
both systems equally). The survey ratings include both
students who used Circuit Tutor for nodal analysis and those
who used it for mesh analysis. The average scores on the
homework assignment itself were also higher for the Circuit
Tutor students (79%, vs. 69% for System X students).

Qualitative comments were solicited in response to the
question “Please discuss why you preferred the system that you
did, and the relative merits of the two systems at teaching you
the subject of node or mesh analysis.” The 35 responses (51%
response rate, averaging 77 words long) were analyzed by
dissecting the comments into 45 specific statements, with each
response being coded as containing anywhere from one to ten
of those statements (average of 3.9). The statements were
constructed by the first author and categorized into preliminary
categories, and Dr. Robinson then reviewed and refined the
statements into nine final categories. The statement types were

Table II. Responses to Survey Comparing Circuit Tutor to a Publisher-Based System

Table I. Randomized Classroom-Based Comparison of

Posttest Scores for Circuit Tutor vs. Publisher System X.

Experimental Group Avg. Post-Test
Score % (std. dev.)

Circuit Tutor—Nodal Analysis 72% (24%)
System X—Nodal Analysis 49% (33%)
Circuit Tutor—Mesh Analysis 71% (25%)
System X—Mesh Analysis 65% (31%)

classified as favorable to Circuit Tutor over System X (76%),
favorable to System X over Circuit Tutor (20%), neutral (2%),
or unclear (2%). The frequency of each statement among all
the responses was then counted, and we found that 88% of the
statement occurrences were favorable to Circuit Tutor, 10%
were favorable to System X, 1% were neutral and 1% were
unclear. A breakdown of favorable responses by category is
shown in Table II. The qualitative responses therefore align
very well with the responses to the quantitative responses to the
multiple-choice questions.

By far the most common statement (in our paraphrasing)
was “Circuit Tutor provides more detailed guidance and
teaches me better than [System X] and/or provides better
explanations” with 25 instances. The five next most common
ones were “Circuit Tutor allows me to repeat problems until I
get the right answer, with solutions given” (9 instances),
“[System X] does not provide examples or learning assistance
prior to working problems” (8), “Circuit Tutor is much better
than [System X] or should be used in preference to [System X]
in the future or is strongly preferred” (7), “[System X] did not
help me learn or did not give me a refresher on how to do what
I needed to do” (7), and “[System X] does not tell me what I
did wrong, only that the final answer is wrong” (6) [numbers in
parentheses are number of instances in each case]. The four
most common statements favorable to System X (but
uncommon overall) were “Circuit Tutor makes the problems
too easy and gives too much guidance” (2 instances), “[System
X] is better because it is a little bit more challenging or more
like exam problems” (2), “[System X] provides useful links to
the textbook™ (2), and “[System X] has some helpful problem-
solving videos” (2). Verbatim examples of student comments
are shown in Table III. They were selected as ones including
the five most common statements made by students.

The least favorable

categories in Table II were

Category Responses Favorable*  Unfavorable® those related to appropriate

1. Overall opinions 9 89% 0% level — of  difficulty — and
2. Effect on motivation or attitude 13 100% 0% C?(\)/lflr:riz’ an danl(liser itrffe};?;fzzl
3. Appropriate level of difficulty and coverage 10 60% 40% Il)“he former complaints Weré
4. Facilitation of learning 54 96% 4% mostly that Circuit Tutor made
5. Repeated testing/retrieval practice/mastery 12 100% 0% the problems too easy by
6. Providing useful examples 16 88% 13% providing a lot of guidance,
7. Providing useful feedback 10 90% 10% and the latter were mostly
8. Technical problems and user interface 9 33% 44% about. the ‘more  complicated
user interface. However, a

9. System cost 2 100% 0% system that requires students to
Combined 135 88% 10% enter many different forms of

*to Circuit Tutor, in comparison to System X. Percentages are those of all statements by respondents.

Remaining responses were neutral or unclear.

input inherently requires a less
consistent and more variable



Table III. Sample Verbatim Student Comments from the
Comparative Survey of Circuit Tutor and System X.

e Simple, Circuit Tutor actually gives you examples and
shows you want to do before making you do it. [System X]
does not.

e Circuit tutor walks you through problems clearly and one
step at a time. It also allows you infinite attempts so you
can attempt the problem repeatedly with less stress
about losing points. Circuit tutor's explanations for
problems are also easier to follow.

o | liked Circuit Tutor more because | could do a ton of
problems. | liked that even if | couldn't figure it out, |
could ‘give up’ and it would thoroughly explain how to do
everything so | could understand what | did wrong and
then do a new problem and try to get that right. | seem to
retain more of the content when | am doing this one. |
have trouble with [System X] because, if | have trouble
with a problem, the hints do not explain what | am doing
wrong. It's really frustrating because | could be 2 or 3
wrong attempts in and | do not know what I'm doing
wrong.

e | preferred Circuit Tutor because it was more forgiving in
the aspect of not just showing that your answer was
wrong like [System X], it helped guide you to the solution.
| felt it was a more effective learning tool, while [System
X] would be better as a quiz tool after using Circuit Tutor.
When it came to the quiz | felt much more confident on
the node questions vs the mesh questions because of
Circuit Tutor. | plan to use Circuit Tutor some more to
prepare for the upcoming test.

e Circuit Tutor is far better. [System X] is not only more
difficult, but only allows 4 attempts. [System X]
discourages me while Circuit Tutor teaches me.

e | liked Circuit Tutor more because Circuit Tutor helped me
learn, while [System X] simply tested my knowledge.

interface than a commercial system that primarily accepts only
numerical or multiple choice answers. Overall, students still
preferred our system due its step-based nature.

Another, independent evaluation was carried out in Fall
2014 at the University of Notre Dame in EE 20224
(Introduction to Electrical Engineering). Random assignment
was not used in this case. One (experimental) section of the
course was required to complete the Series-Parallel and Series-
Parallel with Terminals tutorial exercises in Circuit Tutor
(covering identification of elements in series and parallel, with
our without the presence of a set of terminals connected to an
ideal voltmeter, an arbitrary subcircuit, or an ohmmeter). A
different (control) section was instead assigned to read the
textbook discussion of that topic, do an assessment problem
from the textbook, and complete a paper-based exercise where
they were asked to identify series and parallel elements in

about 20 different circuit problems selected from the book.
Both groups took a pre-test and a post-test of similar forms
(with each of the two forms randomly assigned as either pre-
test or post-test to average out any difference in difficulty).
Altogether the experimental group spent about 1.75 hours on
the subject (including the pre- and post-tests) and the control
group spent about 1.5 hours including the tests. A one-way
analysis of covariance was carried out on the post-test scores
using the pre-test scores as a covariate. A statistically
significant improvement was found for the experimental
(Circuit Tutor) group, who had an adjusted mean score of 36.68
compared to that of the control group, 30.49, with F(1.62) =
16.76, MSE = 36.3, and p < 0.001. The effect size was d =
0.97 o, a large effect. A similar experiment involving the nodal
and mesh analysis tutorials did not however provide a reliable
comparison because of large differences in the corresponding
pre-test scores between the two sections.

VI. USAGE STATISTICS AND SURVEYS

As of Spring 2016, our system has been used by over 2860
students in a total of 71 class sections taught by 36 different
instructors at ten different colleges and universities, including
Arizona State University, University of Notre Dame,
University of the Pacific, Morgan State University, Auburn
University, Messiah College, North Carolina A&T State
University, University of Virginia, South Mountain
Community College, Chandler-Gilbert Community College,
and Glendale Community College. These institutions span the
range from medium size to large public universities, a primarily
bachelor-level private university, a large, elite private
university, two historically black universities, and several
community colleges. The software has therefore been found to
be effective and well received in a wide variety of settings and
with widely varying student populations.

The software itself is currently composed of 18 different
tutorials covering topics ranging from identifying elements in
series and parallel; sketching waveforms for current, voltage,
power, energy, and related quantities as a function of time
based on a given waveform for a different quantity; combining
resistors, inductors, capacitors, and general impedances in
series and parallel (including the computation of AC
impedances from element values); writing and carrying out a
complete solution of both nodal and mesh analysis equations
for both DC and AC (phasor) circuits; finding both direct and
inverse Laplace transforms; and sketching Bode plots and
identifying filter types from given transfer functions. Many
other tutorials are in active development, and basic capabilities
have been established for writing voltage and current division
equations (single loop and single node-pair analysis) as
described earlier, circuit analysis for transient circuits using
reactive elements in steady state, development of Thévenin and
Norton equivalent circuits, and superposition analysis. The
goal is to cover all major topics in a typical two-semester linear
circuit analysis course.

Student satisfaction is assessed in our system using a short,
two-question survey upon completion of each individual
tutorial, and more comprehensively by a 12 multiple-choice
question survey (with 3 open-ended questions) at the end of
each semester where the software is used. The short surveys



simply ask whether the software was “very useful,” “somewhat
useful,” “not very useful,” or “a waste of time” for learning the
material in question, and solicit any open-ended comments
about the tutorial in question. The percentage of favorable
(“very useful” or “somewhat useful”) responses has varied in
the range from about 92-96%, with “very useful” responses
ranging from about 65-74%. These results have been
consistent across institutions as well, with favorable ratings of
92% at ASU, 94% at Notre Dame, 95% at the University of the
Pacific, 97% at Morgan State University, and 95% at Messiah
College, for example. It is clear that students at a wide variety
of institutions have favorable views of the software. The end-
of-semester surveys also yielded consistently favorable ratings
on a four-point Likert scale, with values of 79%, 91%, 65%,
76%, and 87%, respectively, for the same five institutions
listed above. The somewhat lower rating for the University of
the Pacific may be due to the students having used the software
in addition to several other types of exercises on the same
topics as well, in which case it may be viewed as partially
redundant. Sample qualitative responses have been given
elsewhere [37-41]. It is particularly remarkable when students
use the word “fun” in their comments to describe our software
(e.g., nine times in one recent semester’s comments), which is
virtually never heard when describing conventional homework
assignments!

VII. CONCLUSIONS

A step-based tutorial system is being developed for linear
circuit analysis that uniquely features automated problem and
solution generation, and which accepts and automatically
evaluates a wide range of student inputs from equations to
Bode plots to waveform sketches to re-drawn circuit diagrams.
The system is built on the principle of using “engaged
examples,” where students are provided completely explained
solutions to problems they have already tried to solve
whenever they need them. Wide usage by 2860 students has
been achieved at 10 different institutions of widely varying
characteristics. A total of 18 different tutorials are available
with more in development. Several controlled, randomized
evaluations of student learning in both laboratory and
classroom settings in comparison to both traditional paper-
based homework and a commercial publisher-based homework
system have shown statistically significant learning
improvements in most cases, varying from 0.72 to 1.2l
improvements in post-test performance in trials involving 6 of
the 18 tutorials to date. Student responses have generally been
quite favorable, and in particular they rate our system as better
at promoting learning than a commercial publisher’s
homework system by a margin of 94% to 3%. This system is
currently available for those would like to use it in their classes
(contact the first author directly for an access code).

ACKNOWLEDGMENTS

We thank Drs. J. Aberle, M. Ardakani, S. Chickamenahalli,
R. Ferzli, G. Formicone, S. Goodnick, R. Gorur, O. Hartin, G.
Karady, R. Kiehl, Hongwei Mao, B. Matar, S. Ozev, L. Sankar,
Donghoon Shin, Meng Tao, C. Tepedelenlioglu, T. Thornton,
G. Trichopoulos, D. Vasileska, Chao Wang, Marnie Wong,
Hongbin Yu, and Hongyu Yu for using our software in their

sections of EEE 202 at ASU. We thank Y. Astatke for using
our software in EEGR 202 at Morgan State University, H.
Underwood and R. Fish for using it in ENGR 236 at Messiah
College, J. David Irwin for using it in ELEC 2110 at Auburn
University, Jennifer Ross and Huihui Zhu for using it in ECPE
41 at University of the Pacific, V. Gupta for using it in EE
20234 at the University of Notre Dame, A. Holmes for using it
in ECE 2630 at the University of Virginia, G. Gilmore for
using it in ECEN200 at North Carolina A&T State University,
and T. Frank and B. Matar for using it in EEE 202 at Glendale,
South Mountain, and Chandler-Gilbert Community Colleges.
We thank Daniel Sayre of John Wiley & Sons, Inc. for his
support of the project.

System X  refers to the WileyPLUS  system
(www.wileyplus.com) for the textbook J. D. Irwin and R.
Mark Nelms, Basic Engineering Circuit Analysis (11" ed.),
(John Wiley & Sons, Hoboken, NJ, 2015).

REFERENCES

[1] J. G. Trafton and B. J. Reiser, “The contributions of studying examples
and solving problems to skill acquisition,” in Proceedings of the 15th
Annual Conference of the Cognitive Science Society. Mahwah, NJ:
Lawrence Erlbaum Assoc., 1993, pp. 1017-1022.

[2] J. Sweller, J. J. G. Van Merrienboer, and F. Paas, “Cognitive architecture
and instructional design,” Educ. Psychol. Rev., vol. 10, pp. 251-296,
1998.

[3] 1. Sweller and G. A. Cooper, “The use of worked examples as a
substitute for problem solving in learning algebra,” Cognition and
Instruction, vol. 2, pp. 59-89, 1985.

[4] M. Nahvi, “A computer based intelligent synthetic tutor-tester for
electrical engineering,” in Proc. IEEE Internat. Conf. on Systems, Man,
& Cybernetics, 1990, pp. 742-744.

[5] B.P.Butz, M. Duarte, and S. M. Miller, “An intelligent tutoring system
for circuit analysis,” IEEE Trans. Educ., vol. 49, pp. 216-223, 2006.

[6] B.P.Butzand S. M. Miller, “Evaluation of IMITS for the National
Science Foundation.”

[71 A. Yoshikawa, M. Shintani, and Y. Ohba, “Intelligent tutoring system
for electric circuit exercising,” I[EEE Trans. Educ., vol. 35, pp. 222-225,
1992.

[8] P.D.Cristea, R. I. Tuduce, and A. R. Tuduce, “Knowledge assessment
in intelligent e-learning environments,” in Internat. Conf. on Signals &
Electronic Systems, Poznan, Poland, 2004, pp. 573-576.

[9] S. Watanabe, J. Miyamichi, and I. R. Katz, “Teaching circuit analysis:
A mixed-initiative intelligent tutoring system and its evaluation,” in
Proc. IFIP TC3 Internat. Conf. on Advanced Research on Computers in
Education (ARCE'90), Tokyo, 1991, pp. 19-25.

[10] D.L. Millard, “Interactive learning modules for electrical engineering
education,” in Electron. Compon. and Technol. Conf., 2000, pp. 1042-
1047.

[11] D. Millard and G. Burnham, “Increasing interactivity in electrical
engineering,” in 33rd ASEE/IEEE Frontiers in Educat., Boulder, CO,
2003, pp. F3F8-F3F12.

[12] J.R.Jones and D. A. Conner, “The development of interactive tutorials
for introductory circuits,” in Proc. IEEE Ist Internat. Conf. on Multi-
media Engineering Education, 1994, pp. 108-114.

[13] G.F. Shannon, “Multi-media computer based teaching--A case study,”
in Proc. IEEFE Ist Internat. Conf. on Multi-Media Engineering
Education, 1994, pp. 398-402.

[14] B. Oakley II, “Use of the Internet in an introductory circuit analysis
course,” in Proc. 1993 Frontiers in Education Conf., 1993, pp. 602-606.

[15] E.C. Shaffer and F. J. Mabry, “A student designed, Web-based learning
program for circuit analysis,” in Proc. 2000 Frontiers in Education
Conf., 2000, pp. T2D-17-T2D-22.



[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30

=

[31]

[32]

[33]

[34]

[36]

[37]

L. Weyten, P. Rombouts, and J. De Maeyer, “Web-based trainer for
electrical circuit analysis,” I[EEE Trans. Educ., vol. 52, pp. 185-189,
2009.

B. Oakley II and R. E. Roper, “Implementation of a virtual classroom
for an introductory circuit analysis course,” in Proc. 1994 Frontiers in
Education Conf., 1994, pp. 279-283.

B. Oakley II, “A virtual classroom approach to teaching circuit
analysis,” [EEE Trans. Educ., vol. 39, pp. 287-296, 1996.

H. E. Hanrahan and S. S. Caetano, “A knowledge-based aid for dc
circuit analysis,” IEEE Trans. Educ., vol. 32, pp. 448-453, 1989.

E. R. Doering, “CircuitViz: A new method for visualizing the dynamic
behavior of electric circuits,” I[EEE Trans. Educ., vol. 39, pp. 297-303,
1996.

A. Micarelli, F. Mungo, F. S. Nucci, and L. Aiello, “SAMPLE: An
intelligent educational system for electrical circuits,” J. Artific. Intell.
Educat., vol. 2, pp. 83-99, 1991.

B. Oakley, “HyperCard courseware for introduction to circuit analysis,”
in Proceedings of the 1991 American Society for Engineering Education
Annual Conference & Exposition: Amer. Soc. Engrg. Educ., 1991, pp.
496-500.

L. Palma, R. F. Morrison, P. N. Enjeti, and J. W. Howze, “Use of Web-
based materials to teach electric circuit theory,” IEEE Trans. Educ., vol.
48, pp. 729-734, 2005.

C. R. Smaill, “The implementation and evaluation of OASIS: A web-
based learning and assessment tool for large classes,” IEEE Trans.
Educ., vol. 48, pp. 658-663, 2005.

F. de Coulon, E. Forte, and J. M. Rivera, “KIRCHHOFF: An
educational software for learning the basic principles and methodology
in electrical circuits modeling,” IEEE Trans. Educ., vol. 1993, pp. 19-
22, 1993.

K. VanLehn, “The relative effectiveness of human tutoring, intelligent
tutoring systems, and other tutoring systems,” Educat. Psychologist, vol.
46, pp. 197-221, 2011.

N. Al-Holou and M. Abdallah, “Teaching introduction to electric
circuits using computer-based instruction for manufacturing engineering
students,” in Proceedings of the 1996 Frontiers in Education
Conference, vol. 1, 1996, pp. 23-26.

J. R. Anderson, J. M. Fincham, and S. Douglass, “The role of examples
and rules in the acquisition of a cognitive skill,” J. Experim. Psychol.:
Learning, Memory, and Cognit., vol. 23, pp. 932-945, 1997.

R. A. Bjork, “Memory and metamemory considerations in the training of
human beings,” in Metacognition: Knowing about knowing, J. M. a. A.
Shimamura, Ed. Cambridge, MA: MIT Press, 1994, pp. 185-205.

H. L. Roediger, & Karpicke, J. D, “Test-enhanced learning: taking
memory tests improves long-term retention,” Psychological Science,
vol. 17, pp. 249-255, 2006.

R. A. Bjork, “Retrieval as a memory modifier,” in Information
processing and cognition: The Loyola Symposium, R. Solso, Ed.
Hillsdale, NJ: Lawrence Erlbaum Associates, 1975, pp. 123-144.

N. Kornell, M. J. Hays, and R. A. Bjork, “Unsuccessful retrieval
attempts enhance subsequent learning,” J. Experimental Psychol.:
Learning, Memory, and Cognition and Instruction, vol. 35, pp. 989-998,
2009.

N. C. Soderstrom and R. A. Bjork, “Testing facilitates the regulation of
subsequent study time,” J. Memory and Language, vol. 73, pp. 99-115,
2014.

P. K. Agarwal, L. D’ Antonio, H. L. Roediger, K. B. McDermott, and M.
A. McDaniel, “Classroom-based programs of retrieval practice reduce
middle school and high school students’ test anxiety,” J. Appl. Research
in Memory and Cognition, vol. 3, pp. 131-139, 2014.

A. D. Edgcomb, F. Vahid, R. Lysecky, A. Knoesen, R. Amirtharajah,
and M. L. Dorf, “Student performance improvement using interactive
textbooks: A three-university cross-semester analysis,” in Proceedings
of the 2015 American Society for Engineering Education Annual
Conference & Exposition, Seattle, WA, 2015, pp. 13274-1-13274-17.

C. D. Whitlatch, Q. Wang, and B. J. Skromme, “Automated problem and
solution generation software for computer-aided instruction in
elementary linear circuit analysis,” in Proceedings of the 2012 American
Society for Engineering Education Annual Conference & Exposition.
Washington, D.C.: Amer. Soc. Engrg. Educat., 2012, pp. Paper 4437.
B.J. Skromme, C. D. Whitlatch, Q. Wang, P. M. Rayes, A. Barrus, J. M.
Quick, R. K. Atkinson, and T. Frank, “Teaching linear circuit analysis

[38]

[39]

[40]

[41]

[42]

[43]

[44]

techniques with computers,” in Proceedings of the 2013 American
Society for Engineering Education Annual Conference & Exposition.
Washington, D.C.: Amer. Soc. Engrg. Educat., 2013, pp. 7940-1-7940-
11.

B. J. Skromme, P. J. Rayes, C. D. Whitlatch, Q. Wang, A. Barrus, J. M.
Quick, R. K. Atkinson, and T. S. Frank, “Computer-aided instruction for
introductory linear circuit analysis,” in Proceedings of the 2013 IEEE
Frontiers in Education Conference. Piscataway, NJ: Inst. Electrical &
Electronics Engrs., 2013, pp. 314-319.

B. J. Skromme, P. J. Rayes, B. Cheng, B. McNamara, A. S. Gibson, A.
Barrus, J. M. Quick, R. K. Atkinson, Y.-F. Huang, and D. H. Robinson,
“Expansion and evaluation of a step-based tutorial program for linear
circuit analysis,” in Proceedings of the 2014 American Society for
Engineering Education Annual Conference & Exposition. Washington,
D.C.: Amer. Soc. Engrg. Educat., 2014, pp. 10301-1-10301-14.

B. J. Skromme, P. Rayes, B. E. McNamara, X. Wang, Y.-F. Huang, D.
H. Robinson, X. Gao, and T. Thompson, “Recent progress in step-based
tutoring for linear circuit analysis courses,” in Proceedings of the 2015
American Society for Engineering Education Annual Conference &
Exposition, Seattle, WA, 2015, pp. 14118-1-14118-16.

B. J. Skromme, P. J. Rayes, B. E. McNamara, V. Seetharam, X. Gao, T.
Thompson, X. Wang, B. Cheng, Y.-F. Huang, and D. H. Robinson,
“Step-based tutoring system for introductory linear circuit analysis,” in
Proceedings of the 2015 IEEE Frontiers in Education Conference, 2015,
pp. 1752-60.

B. J. Skromme, B. E. McNamara, X. Gao, B. Korrapati, V. Seetharam,
Y .-F. Huang, and D. H. Robinson., “Interactive tutorial system for linear
circuit analysis: Impact on learning and novel tutorials,” in accepted for
the Proceedings of the 2016 American Society for Engineering
Education Annual Conference & Exposition, New Orleans, 2016.

B. J. Skromme and D. H. Robinson, “Addressing barriers to learning in
linear circuit analysis,” in Proceedings of the 2015 American Society for
Engineering Education Annual Conference & Exposition, Seatlle, WA,
2015, pp. 14125-1-14125-15.

P. V. Engelhardt and R. J. Beichner, “Students' understanding of direct
current resistive electrical circuits,” Am. J. Phys., vol. 72, pp. 98-115,
2004.




<<
  /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


