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Abstract— Over the past 40 years, developments in writing
studies research have emphasized the importance of both
process-orientation - incorporation of scaffolding through
feedback and revision - and situativity - recognizing that
knowledge is best learned within the context it is to be applied.
Engineering faculty, however, often view writing in ways at odds
with both of these developments: treating writing as something to
be taught elsewhere or integrating writing into engineering
courses without incorporating feedback or revision. This
mismatch is problematic, because improving engineering
students' writing is a critical problem for engineering education.
Additionally, feedback is often unfeasible within the constraints
of many engineering courses-instructor time and large student-
faculty ratios.

One potential way to address these concerns is to use peer
feedback. An open question, however, is how instructor and peer
feedback practices differ and how that difference impacts
students' revising process. We present results of an empirical
analysis of peer vs. instructor feedback on a writing assignment
in a large first-year engineering course. Findings indicate that
peer feedback was at least as effective as instructor feedback in
terms of quality improvement and that trained peer reviewers
give feedback that is more consistent with effective practices than
untrained instructors.
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I. INTRODUCTION AND BACKGROUND

Effective written communication skills are essential for
engineers, as is widely recognized in the field of engineering
education and by US and international engineering professional
and program accreditation organizations e.g. [1]-[3]. Since
implementation of the EC2000 accreditation criteria,
communication has also been explicitly required by ABET for
engineering programs. Specifically, criterion 3g states that
programs must demonstrate that their graduates develop “an
ability to communicate effectively” [1], and even though
controversial proposed revisions to ABET criteria set to take
effect in 2019 have been accused of “watering down” the other
professional skills, communication remains a separate and even
somewhat expanded outcome [4]. Although nearly two decades
have passed since adoption of EC 2000, studies continue to
indicate that employers view engineering graduates as
insufficiently prepared for communication in the workplace
e.g. [5]. At the same time, many engineering graduates
continue to separate communication skills from ‘real
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engineering’ in their conceptualization of workplace tasks,
even while being aware of the centrality of those skills to their
work [6], [7].

One reason for this state of affairs is that the teaching of
writing is often separated from the teaching of content
knowledge within engineering curricula [8, p. 260]. Many
scholars [9]-[11] emphasize that writing pedagogy should be
based on an understanding of writing as a situated activity —
one in which the knowing of something is inseparable from the
doing and therefore benefits from being learned in contexts
similar to those in which it will be practiced [12]. Thus,
separation of “learning to write” from “learning to engineer” in
engineering curricula is problematic for both skill and identity
development.

Even when communication and content are integrated in
the same courses, this integration is often done in a way that
does not support improvement of students’ writing skills as
effectively as it could. Best practices of writing pedagogy treat
writing as a process rather than a product; this approach
includes writing and revising drafts based on formative
assessment (feedback) rather than receiving only summative
evaluative feedback of a final product — often referred to as the
“one-and-done” approach [13], [14]. Incorporating revision in
the writing process is recognized as an invaluable component
of improving written work, but writing assignments in
engineering courses frequently neither acknowledge nor
incorporate this process [15], [16]. Although there are a variety
of reasons for this gap, part of the challenge rests with
engineering instructors, who may not feel qualified to
effectively provide feedback or who may perceive that draft
feedback is unfeasible within key constraints of many
engineering courses: limited instructor time and large student-
faculty ratios [17].

One potential way to address these instructor concerns is to
use guided peer feedback, where other students in the class
provide feedback on students’ writing rather than the
instructor. Peer feedback can be done outside of class as a
homework assignment, eliminating the burden on class time.
At the same time, online tools and general guidance can
alleviate concerns about instructor competence, and many
universities have resources available through writing centers
serving students across disciplines to assist instructors with
integration of writing assignments in their classes. Equally
important, recent research in domains other than engineering
has also shown that peer feedback can be as or more effective



than instructor feedback when student writing is reviewed by
multiple peers rather than a single peer, potentially assuaging
concerns about the utility of peer feedback [18]-[20].
Moreover, more fully integrating writing and rewriting as a
collaborative professional practice could help graduating
engineers more readily recognize writing as engineering work.

An open question, however, is how instructor and peer
feedback practices differ and how that difference impacts
students' revising process. Our previously-presented work [21],
[22] analyzed the effect of peer review training - in-class
instruction vs out of class - on the quantitative and qualitative
differences between student feedback comments on a research
paper. We found that while there were differences suggesting
that in-class instruction led to "better" feedback comments, but
that the difference did not reach statistical significance for most
types of comments. Building on this work, this study seeks to
answer the following research question:

RQ: How do first-year engineering instructors and student
peers differ in their practice of feedback (i.e. types of
feedback) on student writing, and how do these differences
help to explain draft-revision writing quality improvement
(i.e. types of revisions and resulting change in quality)?

This paper addresses 1) our method for categorizing and
assessing feedback and revisions, 2) differences between peers
and instructors in feedback practice, and 3) the relationships
between those differences and writing quality improvement.

II. CONTEXT AND MOTIVATION

The site for this study was a large first-year engineering
course at a mid-Atlantic research university. The course was
required for all students intending to major in Electrical and
Computer Engineering (ECE) or Computer Science (CS). This
intervention modified an existing writing assignment, the
Contemporary Issue Report, that had previously not included
feedback and revision.

Like many engineering instructors [16, p. 36], we assumed
that simply including a writing assignment was sufficient to
support our course objectives. The original CIR was assigned
in a one and done fashion: students submitted a final version of
their report for grading without receiving any feedback on a
draft and did not have the opportunity for revision. Feedback
was provided by the instructors but was strictly summative in
nature. This approach is consistent with Zhu’s [16] findings on
integration of writing assignments in engineering classrooms.
After the first implementation of the assignment, the instructors
reported anecdotally that the reports were generally of “poor
quality.”

While we were concerned about the quality of the CIR
reports, we were unsure of our ability to “teach writing,” a
common misgiving among engineering instructors [23]. After
review of the composition pedagogy literature and consultation
with a writing instructor, it was clear that the design of the CIR
assignment was inconsistent with contemporary practices and
with our own constructivist epistemologies: by simply giving
students a writing assignment and then grading the result, we
had unintentionally used the product-centered approach to
writing pedagogy rather than the process-centered approach

that is widely considered more effective by composition
scholars. A key difference between these approaches is the role
of teacher response: a product-oriented response aims to
evaluate the text — summative assessment, whereas a process-
oriented response aims to inform further improvements —
formative assessment.

In order to effectively include peer review in the CIR
assignment, it was necessary to understand 1) the attributes of
effective (peer) feedback, and 2) strategies to train students to
give effective feedback. With these factors in mind, the
research team conducted a literature review and identified the
following characteristics of “high-quality” peer feedback: it
should be specific, encouraging, and helpful. These criteria
were used to develop a handout and in-class workshop on
effective peer review. In the larger study this research draws
from, students received one of several treatments related to
peer review (handout-only or in-class instruction; single-peer
or multiple-peer review). in this paper, students from all peer
feedback treatments were grouped together for comparison to
instructors.

To establish a baseline against which to compare the
efficacy of peer feedback, an additional experimental group
received feedback from their instructor. Instructors were PhD
students in electrical and computer engineering. Each
instructor provided feedback to one 30-student section in this
study, which were combined into a single treatment group for
analysis. The two instructors were not involved in designing
the intervention. They were given copies of the handout
described above but were not explicitly told to use it; whether
did use the recommendations from the handout when providing
feedback is not known.

1II. METHOD

To answer the research question, we compared peer and
instructor feedback in terms of the nature of reviewer feedback
(i.e. its classification based on the analytic framework
described below), and the nature of authorial revisions (i.e.
their classification based on the codes described below). Due to
the size of the data set it was possible to make these
comparisons  quantitatively — using  statistical  analysis
techniques. As a result, the study design is overall quantitative
in nature because it uses a quasi-experimental design in which
the goal is to statistically compare the effect of various
treatments across several quasi-experimental groups [24, pp.
15-16]. However, the data—texts—are inherently qualitative
in nature [25], [26]. Likewise, the objects of the study—
feedback on and revision of writing—involve the construction
and communication of meaning by the participants. The impact
on the proposed study is significant: the goal of making
statistical comparisons across treatment groups requires
quantitative data, but the data in the set are inherently
qualitative in nature. Therefore, it is necessary to transform the
data from qualitative to quantitative in a way that is compatible
with quantitative analysis techniques, a process well-suited to a
method called Qualitative Content Analysis [27].

The data set consists of draft and final reports from each
participant as well as feedback from either peers or an
instructor. These were transformed in two phases:



1. Extract and classify feedback items from the drafts

2. Score draft and final reports based on the
assignment criteria

In the following subsections, we first describe Qualitative
Content Analysis [27], [28] and how it is used to transform
data in general terms. Next, we describe how we used it to
analyze the peer and instructor feedback as well as revisions
and quality improvement based on that feedback.

A. Qualitative Content Analysis

Qualitative Content Analysis (QCA) is “a method for
systematically describing the meaning of qualitative material
[...] by classifying material as instances of the categories of a
coding frame” [27, p. 1]. Crucially, the method is designed to
transform qualitative data such that descriptive and inferential
statistics can be used on the quantized data [29, pp. 62-63].
QCA uses procedures and terminology similar to grounded
theory and other qualitative techniques, but there are
significant differences between the methods [27], [28], [30]-
[32]. The first part of Schreier’s QCA method is the
development of the coding frame. The second part is the
process of analyzing the data. For textual data, this process
consists of three stages: Unitizing, Categorizing, and Coding.
They are executed sequentially but can be iterative within each
stage.

1) Coding Frame

The coding frame is the lens through which the researcher
peers at the data when conducting QCA. It is similar to a
codebook but is more highly structured and always
hierarchical. The frame consists of one or more main
categories (also called dimensions), each with two or more
subcategories. By comparison to quantitative data, the
dimensions are analogous to variables and the subcategories
are analogous to levels of those variables. There are three
requirements that apply to the structure of the coding frame:
unidimensionality, mutual exclusivity, and exhaustiveness.
Some indicators that unidimensionality has been violated
include subcategories that are not instances of the dimensions,
and subcategory names that repeat under different dimensions.
[27, pp. 72—78]. The coding frames for this study are described
below.

2) Unitization

Unitization is the first stage of QCA once the data set has
been compiled and the initial coding frame developed. The
data set is first divided into analytical units, which are then
divided into coding units. Analytical units are the highest-level
units that will be compared after the QCA process is complete.
Coding units are the chunks of the analytical units that will be
assigned to subcategories from the coding frame. For example,
if a researcher is studying how the main themes of articles in
the New York Times changed over the course of a decade, the
analytical units might be newspapers and the coding units
articles; in interview research, interviews are usually the units
of analysis and coding units might be individual turns [27, pp.
130-131].

Units should be well-defined: unitization definitions and
rules should be based on the nature of the data and the research

question being answered. If units are based on natural divisions
in the data set, formal definitions can be used; this is typical for
units of analysis. Where distinctions are more ambiguous, a set
of rules based on formal, thematic, or a combination of both
criteria is necessary. The output of this stage is codable units.

3) Piloting and Coding

In the piloting stage, the initial coding frame is applied to a
subset of data. The purpose is to ensure that the theoretically-
derived coding frame makes sense with the data. The
researcher first applies the coding frame to a small subset of
the data to ensure that the categories are sufficiently well-
defined. If there are dimensions or sub-categories that need to
be added, removed, or modified, the coding frame is revised at
this stage. After the coding frame has been revised, multiple
coders apply the coding frame to subset of data, and an inter-
coder reliability check is performed using a statistic such as
Cohen’s Kappa or percent agreement. The result of this stage is
a validated coding frame. Finally, in the coding stage, the
validated coding frame is applied to the rest of the data. The
output of this stage is nominal or ordinal data that can be used
for quantitative analysis.

B. Applying QCA to Feedback

In the first phase of data analysis, we applied the qualitative
content analysis process described in the previous section to
the corpus of feedback items. To assist in conducting the
analysis, we used Atlas.ti 8.0 [33], a computer-assisted
qualitative data analysis (CAQDAS) software tool. Unitization
and coding of feedback were conducted as described below.

1) Unitization of Feedback

The unit of coding for peer feedback is the feedback item.
These feedback items were classified by applying the coding
frame to them. In order to do this, it was necessary to define
what constitutes an individual feedback item. Segmentation
rules used a multi-pass procedure combining formal and
thematic criteria [27, pp. 134-137].

1. On the first pass, feedback items were segmented
based on visual separation.

2. Next, feedback items were subdivided if they
contained more than one idea unit, a “self-contained
message on a single problem” [34, p. 268].

3. Finally, because complete sentences are the smallest
meaningful unit appropriate for the research paper
genre, direct edits or proofreading marks that were
within the same sentence were combined.

Several units of analysis were used: feedback items,
commented drafts, and received drafts, which combine all
feedback received by a particular author. The data are naturally
divided into these units, so this simple definition is sufficient to
define the units of analysis.

2) Coding of Feedback

The coding frame for feedback items was developed based
on prior empirical work classifying peer and expert feedback,
drawing specifically on Straub and Lunsford [35], Smith



Taylor and Patton [36], and Patchan, Schunn, and Correnti
[37]. The frame contains five dimensions: mode, tone, focus,
localization, and type. Focus and localization are properties of
the comment referent; mode and tone refer to the meaning-
related qualities of the comment itself; type differentiates end
comments vs margin comments. Edits are a unique case: they
are a type of feedback and need to be captured in the coding
frame, but they are not comments per se; therefore, edits are
not assigned a focus, tone, or type and are inherently
implementable and localized. Edits, therefore, distinguish
feedback items from feedback comments (from here referred to
simply as comments). In other words, a feedback item is either
an edit or a feedback comment, and only comments are
classified on the other dimensions of the coding frame.

TABLE I. OVERVIEW OF CODING FRAME DIMENSIONS

Dimension — - |
Definition Subcategories
Mode Level of control the reviewer | Edit, Authoritative,
exerts over author’s text Coaching, Readerly
Affect of the comment’s Negative, Neutral,
Tone . .
language Qualified, Positive
Focus ‘What the comment refers to Form, Content,
in the document Technical, Extra-Textual
Localization Where the comment refers to None, Implicit, Explicit
in the document
Physical location of .
Type comment in document Margin, End

a) Mode

The mode dimension considers the form, content, and voice
of the comment itself. Straub and Lunsford [38] developed the
concept of mode to better capture differences in meaning,
teacher role, and control that are not accounted for when
considering only superficial form and voice of comments.
Subcategories of mode include edit, authoritative, coaching,
and readerly.

Mode reflects both the implied role of the reviewer and the
degree of control the comment exerts over the text. This is
illustrated by the following four comments about moving a
paragraph to the introduction:

“Put this in the introduction”
“I think you should put this in the introduction”
“You might consider putting this in the introduction”

“Putting this in the introduction will allow the reader to
more easily understand the rest of the paper.”

The first comment directly commands the author to make a
change; it exerts a high level of control over the writing and
would be coded as authoritative. The second and third
comments are both suggestions on the surface; they both
appear to exert a medium level of control. However, the
phrasing “I think™ shifts the agency to the reviewer and in
practice exerts a higher level of control while “you might”
gives the writer agency; they would be coded as authoritative
and coaching, respectively. The final comment takes the
perspective of the audience and would be coded as readerly.

b) Tone

In Straub and Lunsford’s [38] original conception of mode,
there were more categories in the evaluative modes than in the
definition presented above; for example: negative evaluation,
qualified negative evaluation, and praise. We separated this
into its own dimension because any comment could be phrased
negatively or positively, and the effect of that phrasing may
have some effect independent of mode. This separation of
mode and tone is further supported by feedback models
developed by cognitive psychologists which differentiate
between a comment’s promotion of understanding vs.
agreement [19, p. 377], which correspond to the cognitive, or
thinking, and affective, or feeling domains of constructivist
learning theory, respectively [39], [40]

c) Focus

The subcategories of the focus dimension are also adapted
from prior classification schemes [35], [41] and include form,
content, and extra-textual. Form comments refer to features of
the text at the word, sentence, between-sentence, or sub-
paragraph level. Form comments are about word choice,
mechanics, document design, or layout and other surface
features of the text. Content comments refer to larger issues in
the text such as organization, ideas, and development. The
content category is further subdivided into prose content vs.
technical content, which differentiates between comments that
could refer to any paper and comments that are assignment-
specific. If they reference specific portions of the text, it is at
the sentence or paragraph level and higher. Extra-textual
comments are those that do not refer to anything within the
text.

d) Localization and Type

Localization indicates whether a comment “explicitly refers
to the location of the issue” [37, p. 1100]. Research has shown
that localized comments are more likely to be understood and
implemented, but are also weakly correlated with lower
revision quality [19], [37]. Many previous studies were
restricted to end comments [18], [34], [37], [42], often due to
the design of online feedback systems used. In this study,
however, peer feedback comments were given using tablet PCs
which allowed students to use digital inking tools that
approximate the pen-on-paper feedback more commonly used
by instructors. This affordance allowed for both types of
comments, and students were not explicitly instructed to use
either one, although the model feedback provided on the peer
review handout included both.

Like end comments, margin comments can be explicitly
localized in the comment text, but unlike end comments,
margin comments can also be implicitly localized by proximity
to the issue being commented on. On the other hand, margin
comments are more likely to have a low-level (form) focus
rather than a higher-level (content) focus.

3) Coding of Quality Improvement

To calculate quality improvement, an instrument based on
the original assignment rubric was used. For each rubric
attribute, the rater evaluated whether the changes present
affected that attribute negatively, none or negligibly, positively,



or very positively. Very positive is distinguished from positive
in that a rating of very positive indicates that the changes
present improved that rubric attribute by at least one rubric
category; for example, a draft that would be rated “marginal”
in organization and a final that would be rated “proficient” in
organization was rated as “very positive.” Finally, the rater
assigned the draft report a letter grade, so analysis could
control for initial quality, since a draft report with poorer-
quality has more room for improvement when revising.

Once all reports were rated, an improvement score was
computed for each dimension. The ordinal rating for each
attribute within the dimension was transformed to a numeric
score by assigning values to each category (Negative = -1,
None/Negligible = 0, Positive = 1, Very Positive = 2).

4) Trustworthiness

It is crucial in all research to establish the quality of the
methods employed. For quantitative instruments, the accepted
criteria are validity and reliability [24]. Because of the
explicitly interpretative role of the researcher in qualitative
studies, Lincoln and Guba [43] developed the more robust
concept of "trustworthiness" to ensure quality and to show that
findings are "worth paying attention to." Trustworthiness is
established by demonstrating credibility, dependability,
confirmability, and transferability [44]. Credibility, analogous
to internal validity, refers to whether the research measures
what it purports to measure. Dependability, analogous to
reliability, refers to how consistent a measurement is.
Confirmability roughly equates to refers to the scientific
standard of objectivity and refers to "potential for congruence
between two or more independent people about the data’s
accuracy, relevance, or meaning" [45, p. 2]. Finally,
transferability refers to the extent to which a study's findings
can be extrapolated to other contexts. Although transferability
of the results are limited by the single-site single-course nature
of the study, the site and course were typical of first-year
engineering programs at large research universities, supporting
transferability to other contexts.

In this research, we used standards for each of these four
criteria developed specifically for content analysis [27], [46] to
establish the trustworthiness of the results. First, credibility was
ensured by using a codebook based on a preexisting framework
that is well-established for use with similar data [47, p. 15].
Dependability was established by having a subset of the data
coded by two coders and using chance-corrected agreement
coefficients [46, p. 284], a process described in detail in the
next paragraph. This process also helped to establish
confirmability by using a second coder who was not familiar
with the theoretical foundations of the study and therefore
would base coding decisions more completely on the codebook
rather than their expert interpretation. By using this intercoder
reliability (where the goal is maximal agreement among coders
based solely on the codebook and training) rather than
interrater reliability (where raters are experts whose differing
interpretations are valued and closely examined) the likelihood
that these results could be reproduced independently is
increased [46, p. 283]. The single-institution study site and
course focused on ECE/CS students is a potential threat to
transferability; however, the large size of the program [48] and
participant pool should help mitigate this threat.

Dependability, or reliability of measurement, is one of the
more challenging aspects of qualitative research because the
act of coding inherently involves some amount of subjective
judgement on the part of the coder. This is somewhat simpler
when using a priori (deductive) coding, but it is still necessary
to have multiple coders independently analyze a subset of the
data and determine the extent to which they agree. An
appropriate chance-corrected coefficient of agreement or
covariation should be wused rather than simple percent
agreement [46, p. 283]. For nominal data, the most widely-
accepted coefficient is Cohen’s Kappa, a measure of
agreement; for ordinal, ratio, and interval data, Krippendorff’s
Alpha, a measure of covariation, should be used — although
Kappa is also considered acceptable for ordinal data [46, p.
284].

After defining the coding frame and unitizing the feedback
items to be analyzed, a random number generator was used to
select a subset of feedback items to be coded by a research
assistant. The minimum recommended threshold for Cohen’s
Kappa is 0.6, while some scholars recommend 0.8 [46, p. 284];
the higher threshold was achieved for all feedback dimensions
in the coding frame except mode (likely because mode
category definitions are more subjective), which still met the
lower threshold.

For quality improvement, 20 draft-final pairs were coded
by a research assistant. A random number generator was used
to determine the sequence of analysis of the reports. This
helped to ensure validity of the ratings because the rater was
unaware of the treatment group the report was from.
Krippendorff [28] recommends a minimum Alpha threshold of
0.8, with values between 0.667 and 0.8 acceptable for
“tentative” conclusions. Intercoder reliability fell into this
tentative range for all dimensions. The intercoder reliability
achieved is in line with the previous work on which this
analysis is based, which notes that intercoder reliability for
writing is generally low [18, p. 333].

IV. RESULTS AND DISCUSSION

This study compared the use of peer and instructor
feedback to enable a process-oriented approach to a writing
assignment in a large first-year engineering course. Over the
past 40 years, developments in writing studies research have
emphasized the importance of both process-orientation —
incorporation of scaffolding through feedback and revision —
and situativity — recognizing that knowledge is best learned
within the context it is to be applied. Engineering faculty,
however, often view writing in ways that are at odds with both
of these developments: treating writing as something to be
taught elsewhere — such as a technical writing course offered in
the English department, or when integrating writing into
engineering courses doing so without incorporating feedback
or revision. This mismatch is especially problematic, because
improving engineering students’ writing — both as a
professional skill and as a means to professional identity
development — is critical problem for engineering education.

Even if the aforementioned epistemic and pedagogical
beliefs are overcome, a significant barrier remains: integrating
writing assignments (especially those incorporating feedback



and revision) into disciplinary courses is very resource-
intensive in terms of instructor time. In large classes, these
resource constraints could make incorporation of these
assignments impossible. Recent research examining the use of
peer feedback on writing assignments in disciplinary courses
has shown that it can be as or more effective than instructor
feedback [18], [34], [49]. Given 1) the importance of writing
for engineering education, 2) the importance of situativity and
process-orientation in contemporary writing pedagogy, 3) the
resource barriers to integrating process-oriented writing
assignments in engineering courses, and 4) the promising
research on the effectiveness of peer review of writing in other
disciplines, there is a need to better understand peer review
within the context of engineering courses.

To address this need, we conducted an analysis comparing
instructor and peer feedback in a large first-year engineering
course. Using data from a quasi-experimental intervention, we
used Qualitative Content Analysis techniques to examine how
peers and instructors practice feedback (i.e. the nature of
reviewer feedback) and the efficacy of the revision process in
terms of quality improvement between participants’ draft and
revised reports. In the following sections, we discuss the major
findings and situate them within the existing literature.

A. Quality Improvement from Peer vs Instructor
Feedback

In order to validate the assumption that peer feedback is a
valid substitute for instructor feedback, we compared the draft-
to-revision changes in quality between students receiving
instructor feedback to those receiving peer feedback. As shown
in Table II, students who revised their drafts based on peer
feedback did not statistically-significantly differ in quality
improvement from those who revised based on instructor
feedback. Thus, the first finding is that peer feedback was
at least as effective as instructor feedback in terms of
quality improvement.

TABLE II. COMPARISON OF QUALITY IMPROVEMENT FROM PEER OR

INSTRUCTOR FEEDBACK
Instructor Peer
M SD M SD sig
Overall Quality 4.00 4.50 4.78 5.22 0.3791
Mechanics Quality 0.69 0.73 0.68 0.82 0.9762
Technical Quality 2.38 3.72 2.68 4.05 0.6613
Writing Quality 0.93 1.36 1.41 1.72 0.0955

*p<0.05 **p<0.01

These findings are consistent with and extend existing
literature and supports the conclusion that multiple peer
feedback is a valid substitute for instructor feedback in this
context. Several studies [18], [50] have compared quality
improvement resulting from instructor, peer, and multi-peer
feedback in undergraduate psychology courses with similar
results: multiple-peer feedback results in the largest
improvement in quality. Patchan et al. [20] found a similar

effect in an introductory physics course: students receiving
peer feedback showed a statistically significant improvement in
quality versus those receiving feedback from a teaching
assistant. Although this result was expected, the present study
is the first to empirically demonstrate this effect within the
context of first-year engineering or, for that matter, any
engineering course.

B. Differences Between Feedback Given by Peers
and Instructors

The second finding is that trained peer reviewers give
feedback that is more consistent with effective practices
documented in writing research than untrained subject
experts. As shown in Table III, peer feedback had
statistically-significant differences in feedback distribution in
all five dimensions of the coding frame when compared to
instructor feedback.

Within the mode dimension, feedback in the peer group
tended to use higher-level modes, shifting away from edits and
authoritative comments toward readerly. Similarly, peers gave
fewer form-focused comments, instead making more content-
focused comments, both prose and technical. While only 3% of
instructor comments were positive, 22% of peer comments
were. In each of these cases, then, peer comments were more
consistent with effective practices documented in writing
research than instructor comments.

V. CONCLUSION

This study supports the extension of previous research to
the context of engineering. Previous research on peer feedback
has shown it to be an effective substitute for instructor
feedback in non-engineering contexts [18], [49], [51]. The
findings are evidence that these results are also applicable in a
first-year engineering context. This suggests that several
problematic status-quo aspects of engineering communication
curricula — the typical separation of communication and
content learning [8, p. 260], adoption of a “transmission
model” of communication [11, p. 614], [52] and challenges for
improving these practices due to resource constraints such as
limited instructor time and large student-faculty ratios [17] —
can be addressed by using peer feedback to enable the adoption
of process-oriented writing assignments in engineering courses.
Addressing both the separation of “learning to write” from
“learning to engineer” (i.e. treating engineering writing as a
situated activity) and the common product-centric perspective
[15], [16] could improve both skill and identity development
for engineering students.



TABLE III. CROSSTABULATION OF FEEDBACK FEATURES AND SOURCE
Total Items Instructor Peer sig
N % N % N % p
Mode < 0.0001%*
Edit 1069 33% 310 53% 759 29%
Authoritative 1325 41% 217 37% 1108 42%
Coaching 453 14% 46 8% 407 16%
Readerly 357 11% 10 2% 347 13%
Focus < 0.0001**
Form 769 36% 136 50% 633 34%
Content 1134 53% 110 40% 1024 55%
Technical 165 8% 16 6% 149 8%

Extra-Textual 67 3% 11 4% 56 3%

Tone < 0.0001%*
Negative 57 3% 15 5% 42 2%
Neutral 1200 56% 154 56% 1046 56%
Qualified 467 22% 96 35% 371 20%
Positive 411 19% 8 3% 403 22%

Type < 0.0001%*
Margin 1574 74% 168 62% 1406 76%
End 561 26% 105 38% 456 24%

Localization < 0.0001%*
None 455 21% 95 35% 360 19%
Implicit 555 26% 24 9% 531 29%

Explicit 1126 53% 154 56% 972 52%

*p<0.05 **p<0.01

ACKNOWLEDGMENTS

The authors would like to thank Molly Scanlon and Jean

Mohammadi-Aragh for their roles in designing the intervention
and collecting the data described in this paper.

REFERENCES

(1]

ABET, “Criteria for Accrediting Engineering Programs: Effective for
Evaluations During the 2011-2012 Accreditation Cycle,” Oct-2010.
[Online]. Available:
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Proce
ss/Accreditation_Documents/Current/abet-eac-criteria-2011-2012.pdf.
[Accessed: 08-Nov-2011].

British Computer Society, “Guidelines on course accreditation,” 2012.
IEEE, “Curriculum Guidelines for Undergraduate Degree Programs in
Computer Engineering,” 2004.

C. Flaherty, “Watered-Down Gen Ed for Engineers?,” 26-Jun-2015.
[Online]. Available:
https://www.insidehighered.com/news/2015/06/26/faculty-members-
criticize-proposed-changes-gen-ed-accreditation-standards-engineers.
J. Donnell, B. M. Aller, M. Alley, and A. A. Kedrowicz, “Why
Industry Says That Engineering Graduates Have Poor Communication
Skills: What the Literature Says,” in Proceedings of the 2011
American Society for Engineering Education Annual Conference &
Exposition, Vancouver, BC, 2011.

K. J. B. Anderson, S. S. Courter, T. McGlamery, T. M. Nathans-
Kelly, and C. G. Nicometo, “Understanding engineering work and
identity: a cross-case analysis of engineers within six firms,” Eng.
Stud., vol. 2, no. 3, pp. 153-174, Dec. 2010.

J. Trevelyan, “Reconstructing engineering from practice,” Eng. Stud.,
vol. 2, no. 3, pp. 175-195, Dec. 2010.

J. A. Leydens and J. Schneider, “Innovations in Composition
Programs that Educate Engineers: Drivers, Opportunities, and
Challenges,” J. Eng. Educ., vol. 98, no. 3, pp. 255-271, Jul. 2009.

(9]

[10]

(1]

(12]
[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

N. Artemeva, S. Logie, and J. St-Martin, “From page to stage: How
theories of genre and situated learning help introduce engineering
students to discipline-specific communication,” Tech. Commun. Q.,
vol. 8, no. 3, pp. 301-316, Jun. 1999.

C. Bazerman, “What do sociocultural studies of writing tell us about
learning to write,” Handb. Writ. Res., pp. 2440, 2015.

M. Paretti, L. McNair, and J. A. Leydens, “Engineering
communication,” in Cambridge Handbook of Engineering Education
Research, 1st ed., B. M. Olds and A. Johri, Eds. Cambridge
University Press, 2014.

J. S. Brown, A. Collins, and P. Duguid, “Situated Cognition and the
Culture of Learning,” Educ. Res., vol. 18, no. 1, pp. 3242, Jan. 1989.

D. Murray, “Teach Writing as a Process Not Product,” The Leaflet,
1972.

A. Chandrasegaran, “What does teaching writing as a process really
mean?,” 2008.

J. Swarts and L. Odell, “Rethinking the evaluation of writing in
engineering courses,” in Proceedings of the ASSS/IEEE Frontiers in
Education Conference, 2001, vol. 1.

W. Zhu, “Faculty views on the importance of writing, the nature of
academic writing, and teaching and responding to writing in the
disciplines,” J. Second Lang. Writ., vol. 13, no. 1, pp. 29-48, Mar.
2004.

H. Matusovich, M. Paretti, A. Motto, and K. Cross, “Understanding
Faculty and Student Beliefs about Teamwork & Communication
Skills,” in 2012 ASEE Annual Conference, 2012.

K. Cho and C. MacArthur, “Student revision with peer and expert
reviewing,” Learn. Instr., vol. 20, no. 4, pp. 328-338, 2010.

M. M. Nelson and C. D. Schunn, “The nature of feedback: how
different types of peer feedback affect writing performance,” Instr.
Sci., vol. 37, no. 4, pp. 375-401, Jul. 2009.

M. M. Patchan, C. D. Schunn, and R. J. Clark, “Writing in natural
sciences: Understanding the effects of different types of reviewers on
the writing process,” J. Writ. Res., vol. 2, no. 3, pp. 365-393, 2011.

M. Ekoniak, M. J. Scanlon, and M. J. Mohammadi-Aragh, “Improving
student writing through multiple peer feedback,” in 2013 IEEE
Frontiers in Education Conference (FIE), 2013, pp. 626—628.

M. Ekoniak, M. Scanlon, M. J. Mohammadi-Aragh, and M. C. Paretti,
“Teaching Peer Review of Writing in a Large First-Year Electrical
and Computer Engineering Class: A Comparison of Two Methods,” in
Proceedings of the 2015 American Society for Engineering Education
Annual Conference & Exposition, Seattle, WA, 2015.

E. Wheeler and R. McDonald, “Writing in engineering courses,” J.
Eng. Educ., pp. 481-486, 2000.

J. W. Creswell, Research design: qualitative, quantitative, and mixed
methods approaches. SAGE, 2009.

U. H. Graneheim and B. Lundman, “Qualitative content analysis in
nursing research: concepts, procedures and measures to achieve
trustworthiness,” Nurse Educ. Today, vol. 24, no. 2, pp. 105-112, Feb.
2004.

K. J. Smka and S. T. Koeszegi, “From words to numbers: how to
transform qualitative data into meaningful quantitative results,”
Schmalenbach Bus. Rev., vol. 59, no. 1, pp. 29-57, 2007.

M. Schreier, Qualitative Content Analysis in Practice, 1 edition. Los
Angeles: SAGE Publications Ltd, 2012.

K. Krippendorff, Content Analysis:
Methodology. SAGE Publications, 2012.
M. Borrego, M. J. Foster, and J. E. Froyd, “Systematic Literature
Reviews in Engineering Education and Other Developing
Interdisciplinary Fields: Systematic Literature Reviews in Engineering
Education,” J. Eng. Educ., vol. 103, no. 1, pp. 45-76, Jan. 2014.

J. Cho and E.-H. Lee, “Reducing Confusion about Grounded Theory
and Qualitative Content Analysis: Similarities and Differences,” Qual.
Rep., vol. 19, no. 32, pp. 1-20, Aug. 2014.

M. B. Miles and A. M. Huberman, Qualitative Data Analysis: An
Expanded Sourcebook, 2nd edition. Thousand Oaks: SAGE
Publications, Inc, 1994.

A. Strauss and J. M. Corbin, Basics of Qualitative Research:
Techniques and Procedures for Developing Grounded Theory. SAGE,
1998.

An  Introduction to Its



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Scientific Software Development GmbH, “ATLAS.ti 8§ Windows,”
2018. [Online]. Available: https://atlasti.com/product/v8-windows/.
[Accessed: 29-Apr-2018].

K. Cho, C. D. Schunn, and D. Charney, “Commenting on Writing:
Typology and Perceived Helpfulness of Comments from Novice Peer
Reviewers and Subject Matter Experts,” Writ. Commun., vol. 23, no.
3, pp. 260-294, 2006.

R. Straub and R. Lunsford, /2 Readers Reading: Responding to
College Student Writing. 1996.

M. D. Patton and S. Smith Taylor, “Re-evaluating Directive
Commentary in an Engineering Activity System,” Discip., vol. 10, no.
1,2013.

M. M. Patchan, C. D. Schunn, and R. J. Correnti, “The nature of
feedback: How peer feedback features affect students” implementation
rate and quality of revisions,” J. Educ. Psychol., vol. 108, no. 8, pp.
1098-1120, 2016.

R. Straub and R. Lunsford, /2 Readers Reading: Responding to
College Student Writing. 1996.

J. Lu and N. Law, “Online peer assessment: effects of cognitive and
affective feedback,” Instr. Sci., vol. 40, no. 2, pp. 257-275, Mar.
2012.

B. J. Wadsworth, Piaget’s theory of cognitive and affective
development: Foundations of constructivism, 5th ed, vol. xi. White
Plains, NY, England: Longman Publishing, 1996.

S. Smith Taylor, “Comments on Lab Reports by Mechanical
Engineering Teaching Assistants: Typical Practices and Effects of
Using a Grading Rubric,” J. Bus. Tech. Commun., vol. 21, no. 4, pp.
402-424, Oct. 2007.

S. Smith, “The Genre of the End Comment: Conventions in Teacher
Responses to Student Writing,” Coll. Compos. Commun., vol. 48, no.
2, pp. 249-268, 1997.

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Y. S. Lincoln and E. G. Guba, Naturalistic Inquiry. SAGE, 1985.

T. A. Schwandt, Y. S. Lincoln, and E. G. Guba, “Judging
interpretations: But is it rigorous? trustworthiness and authenticity in
naturalistic evaluation,” New Dir. Eval., vol. 2007, no. 114, pp. 11—
25, Jun. 2007.

S. Elo, M. Kiiridinen, O. Kanste, T. Polkki, K. Utriainen, and H.
Kyngis, “Qualitative content analysis: A focus on trustworthiness,”
Sage Open, vol. 4, no. 1, p. 2158244014522633, 2014.

K. Neuendorf, “Content Analysis-A Methodological Primer for
Gender Research,” Sex Roles, vol. 64, no. 3—4, pp. 276-289, Feb.
2011.

L. Rourke and T. Anderson, “Validity in Quantitative Content
Analysis,” Educ. Technol. Res. Dev., vol. 52, no. 1, pp. 5-18, Jan.
2004.

American Society for Engineering Education, “Engineering by the
Numbers,” 2017.

K. Cho, C. D. Schunn, and R. W. Wilson, “Validity and reliability of
scaffolded peer assessment of writing from instructor and student
perspectives.,” J. Educ. Psychol., vol. 98, no. 4, pp. 891-901, 2006.

K. Cho and C. D. Schunn, “Scaffolded writing and rewriting in the
discipline: A web-based reciprocal peer review system,” Comput.
Educ., vol. 48, no. 3, pp. 409426, Apr. 2007.

M. M. Patchan, “Peer review of writing: Learning from revision using
peer feedback and reviewing peers’ texts,” 2011.

J. A. Leydens, “Novice and Insider Perspectives on Academic and
Workplace Writing: Toward a Continuum of Rhetorical Awareness,”
IEEE Trans. Prof. Commun., vol. 51, no. 3, pp. 242-263, Sep. 2008.




<<
  /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




