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Case Study

The Communication Coefficient Method: A New Faculty
Grading Tool Designed to Help Engineering Students
Improve Their Technical Communication

EDWARD LONDNER , MATTHEW DABKOWSKI , IAN KLOO , AND J. D. CADDELL

Abstract—Introduction: Engineering students benefit from understanding the role of technical communication in the
professional workplace. This article examines the communication coefficient (CC), a new method for grading student
technical communication intended to help students better understand this role. Its goal is to encourage students to treat
their communication with the same importance that it has in the professional workplace. About the case: The core
philosophy of the CC method is that audiences perceive technical work more positively when it is communicated well
and more negatively when it is not. The method captures this philosophy mathematically: students’ grades result from
multiplying the points earned for technical content by a number—the coefficient—representing how well they
communicated that content. Situating the case: The CC method is rooted in established principles, such as holistic
grading and the separate yet simultaneous consideration of content and communication. It is novel in how it combines
these principles into a grading technique. Approach: The CC method was employed in three undergraduate engineering
classes at the United States Military Academy during the spring 2020 semester. Student and instructor feedback were
collected to gauge the pros and cons of the method and whether it is worth fielding on a larger scale. Discussion: The
CC method was found to encourage better student communication, although mixed student and instructor opinion
suggest that changes to the method and the way that it is messaged are necessary. Conclusion: The CC method
warrants further study and consideration of its usefulness in other departments and institutions.

Index Terms—Accreditation Board for Engineering and Technology (ABET), assessment, communication grading
methods, evaluation, rubrics, technical communication.

Writing and speaking are highly valued skills for
engineers [1], [2], who must routinely explain
complex and high-stakes topics to a wide range of
audiences [3]. The importance of these skills has
been codified by the Accreditation Board for
Engineering and Technology’s (ABET’s) Engineering
Accreditation Commission in its third student
outcome, which states that students should
graduate with “an ability to communicate
effectively with a range of audiences” [4].

Much research has been conducted in pursuit
of this outcome, seeking the best ways to prepare
engineering undergraduates to communicate
technical material [5], [6], [7], [8] and the best ways
to assess their ability to do so [9], [10], [11], [12].
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However, research shows that professional institu-
tions remain dissatisfied with the communication
ability of recent engineering graduates [13].

Differences between the classroom environment
and professional workplace contribute to this
situation [14], [15]. For example, Paretti describes
how students can develop poor expectations of
professional communication because they tailor
their work to satisfy their instructors, who are
primarily concerned with gauging their students’
learning, and not to satisfy fellow engineers or
supervisors, who are primarily concerned with
making project decisions [5]. In earlier work,
Dannels describes how students often revert to this
“classroom” mode of communication even when
encouraged to communicate as if they were in a
professional setting [16].

These studies make the limitations of teaching
communication in the classroom clear. They also
highlight the value of giving students realistic
expectations of communicating as professional
engineers, despite these limitations. The more
realistic these expectations, the better prepared
students will be to communicate professionally
[17], [18], [19].
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The communication coefficient (CC) is a new
method for evaluating and grading classroom
models of technical communication: the
communication of technical material in reports,
briefings, and other settings that professional
engineers routinely engage in. The CC method is
designed to prepare engineering students to
communicate technical material as professionals. It
does this by exposing students to three key aspects
of professional engineering communication,
referred to in this article as philosophies:

1. Philosophy 1: The way that we communicate
affects how others perceive our work. They
perceive our work as more valid and useful
when we communicate it well and less so when
we communicate it poorly.

2. Philosophy 2: Individuals judge communication
quality based on a host of personal factors,
including their experiences, preferences,
technical background, linguistic background,
and membership in professional groups.

3. Philosophy 3: Communication matters during
all interpersonal interactions, to varying
degrees.

Later in this article, we describe the role that these
philosophies play in the CC method, along with our
justifications for them based on the literature and
our professional experience.

By incorporating these aspects of professional
engineering into the classroom, the CC method

attempts to create a culture of accountability
around student writing and speaking: one that
motivates students to improve their communication
skills by showing them the importance that these
skills have in the professional workplace. By
emphasizing the importance of communication and
providing a mechanism to improve it, students’
communication skills should improve and their
confidence using them should increase [20].

In this article, we describe the CC method and a
study conducted on it in the Department of
Systems Engineering at the United States Military
Academy (USMA) during the spring semester of
2020. The goal of the study was to answer the
following research questions:

RQ1. What should be sustained or improved about
the CC method?

RQ2. Is the CC method worth further
experimentation in more classes and across
more departments?

This article addresses these questions such that
engineering department faculty and administrators
can determine the CC method’s usefulness to their
own programs. It is outlined as follows: in About
the Case, we describe the academic setting,
mechanics, and philosophical underpinnings of the
method, along with its theoretical advantages over
traditional grading methods; in Situating the Case,
we show that although the CC method is new, it is
based on established, accepted principles of
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education; in Methods and Approach, we describe
the methodology, sample sizes, and instruments of
our study; in Results and Discussion, we show that
the CC method can be effective under the “right
circumstances,” which we discuss, and we
describe student and faculty attitudes toward the
method; and in the Conclusion, we offer
perspectives on future work.

ABOUT THE CASE

USMA, commonly referred to as West Point, is the
United States Army’s federal service academy.
USMA’s Academic Program is divided into 13
departments, ranging from English and Philosophy
to Physics and Nuclear Engineering.
Students—known as cadets—receive a liberal arts
education built around a core curriculum of 24
courses and required instruction in mathematics,
science, and engineering. This includes
nonengineering majors, who take a sequence of
three engineering classes within a chosen
discipline covering fundamentals, methodologies,
and principles of design.

USMA’s faculty is a blend of military and civilian
instructors and professors occupying temporary
and permanent assignments. Class sizes are small,
typically capped at 18 students, daily attendance is
logged, and struggling students receive additional
instruction. There are no teaching assistants, and
faculty members are encouraged to interact with
students outside the classroom.

Students attend several writing-heavy classes in
their early semesters, and USMA maintains the
West Point Writing Program, which is responsible
for setting, assessing, and supporting student
writing standards. That said, there is no specific
course at USMA dedicated to technical writing or
presenting. Individual departments determine how

much to emphasize this material in their curricula,
leading to a variety of approaches across the
academy. This diversity of approaches was a
motivation for developing the CC method, which
could serve as a unifying approach.

Communication Coefficient Method At the
heart of the CC Method is the relationship between
technical content and communication:

1. Technical content is the information contained in
a report, presentation, or other assignment.

2. Communication is the way that information is
conveyed through writing and oral presentation.
It includes elements such as the rules of
communication (e.g., syntax and spelling),
clarity of communication (e.g., brevity, logical
flow, vocal enunciation, quality of figures and
tables), and the elements of formatting and
documentation (e.g., use of a coversheet and
proper citations).

Under many traditional grading methods at USMA,
between 85% and 95% of the available points on an
assignment are dedicated to its technical content,
and the remaining points are dedicated to its
communication quality. These remaining points are
added to the points earned for technical content to
arrive at a total score, as illustrated in Fig. 1(a).

Under the CC method, all available points are
dedicated to technical content. These points are
then multiplied by a scaling factor—the
communication coefficient—that represents how
well the student communicated the technical
content. The total score for an assignment is the
result of this multiplication, illustrated in Fig. 1(b).
Thus, rather than treating technical content and
communication as discrete elements of an
assignment’s total score, the CC method integrates
them into a single, combined product. This
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Fig. 1. Comparison of communication grading methods (not to scale). (a) Traditional method. (b) Communication
coefficient method.

approach is motivated by the first philosophy of
professional communication.

Philosophy 1: The way we communicate affects how
others perceive our work. They perceive our work
as more valid and useful when we communicate
it well and less so when we communicate it poorly.

Therefore, students’ grades calculated with the CC
method represent how an audience would perceive
their work based on the quality of their technical
content, enhanced or diminished by the way that
content is communicated.

This philosophy is the crux of the CC method: the
way we communicate our work enhances or
diminishes that work wholly, like changing the
recording quality of a piece of music or the number
of pixels in a photograph. Consider listening to a
dynamic presenter versus one mumbling in
monotone or reading a clear and direct technical
paper versus one that meanders and buries its
takeaways. To an audience, the way the work is
communicated is as important as its methods and
results, affecting their ability to understand the
work and their feelings towards it. Scaling grades
based on communication is simply a mathematical
manifestation of this idea.

Scope of the Method The CC method is designed
for assignments where technical content and

communication are relevant and distinguishable.
This article is focused on communication in
engineering, but assignments in many other
subject areas, such as the social sciences, may also
meet these conditions.

The CC method is not appropriate when these
conditions are not met. For example, in many
composition class assignments, the quality of a
student’s writing may be much more important
than the topic they are writing about, meaning that
the instructor may not care about the assignment’s
“technical content” so long as it is communicated
well. Similarly, the CC method is not appropriate
for purely technical assignments where there is a
“right answer” to be calculated, such as math-
heavy homework assignments.

The CC method calls for instructors to consider an
assignment’s technical content and communication
separately, despite communication’s holistic effect
on the perceived quality of that technical content.
As we touch upon in Situating the Case, this
simultaneous separation and integration, while
paradoxical on its face, is a long-established
teaching technique.

Scoring Communication The CC method
evaluates students’ writing and speaking based on
how well they support the technical content being
communicated. Writing and speaking that enhance
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TABLE I
RUBRIC OF COEFFICIENTS

the technical content by conveying it in a
compelling, clear, and purposeful way will earn a
high CC, while writing and speaking that diminish
the technical content by conveying it in a
frustrating, opaque, or meandering way will earn a
low CC.

Table I is the rubric matching communication
quality to CC numerical values. Note the following:

1. The CC nominally ranges between 0.80 and
1.05, although it can also equal 0 when a
student’s communication is so poor that their
technical content is impossible to understand.
We explain these choices below.

2. Because the CC can exceed 1.00, students can
earn total scores beyond 100% by
communicating good technical work especially
well.

This rubric is subjective and minimally prescriptive
by design, giving instructors wide latitude to judge
a student’s communication based on their own
experience and the particulars of each assignment.
This is in keeping with the second philosophy of
professional communication:

Philosophy 2: Individuals judge communication
quality based on a host of personal factors,
including their experiences, preferences, technical
background, linguistic background, and
membership in professional groups.

In other words, the effect of communication on
audience perception depends on the attributes of
the audience. That said, instructors should

evaluate students’ work based on the same
elements of good communication, even if they
choose to weigh those elements differently. Table II
outlines these elements. It is based on USMA’s
signature writing event rubric and is general
enough to be applied to a wide variety of
assignments (see https://www.westpoint.edu/
academics/curriculum/west-point-writing-
program).

The numerical bounds of the CC determine the
extent to which it can scale grades. In this study,
the bounds of 0.80–1.05 were chosen to capture
the effect of communication on perceived technical
quality as estimated by the implementers of the
method, to encourage students by offering extra
points for excellent communication, and to avoid
making the method punitive.

The inclusion of a 0 option may seem strange given
the CC method’s sensitivity to punitiveness. In
some respects, the inclusion of 0 is redundant. If
an assignment is impossible to understand, how
could an instructor assign it any technical points
to multiply by the CC? However, keeping the 0 in
play heightens a psychological phenomenon known
as the “endowment effect,” which is driven by loss
aversion or anticipated regret [21]. The regret is
evoked when a student imagines losing all the
credit earned for his or her technical content,
thereby increasing the premium placed on these
points. Confronted with this possibility, the
student should be inspired to lessen its likelihood
by increasing the quality of his or her
communication. We elaborate on the important

https://www.westpoint.edu/academics/curriculum/west-point-writing-program
https://www.westpoint.edu/academics/curriculum/west-point-writing-program
https://www.westpoint.edu/academics/curriculum/west-point-writing-program
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TABLE II
ELEMENTS OF GOOD COMMUNICATION

relationship between the CC method and loss
aversion later in this article.

All of this said, the essence of the CC method is the
scaling approach depicted in Fig. 1, not a
particular choice of numerical bounds. Instructors
should set the numerical bounds based on the
needs of their individual departments and even
courses. This flexibility is meant to capture the
third philosophy of professional communication:

Philosophy 3: Communication matters during all
interpersonal interactions, to varying degrees.

Communication always matters, but the stakes are
higher in some situations than in others, and the
effects of one’s communication on how their work
is perceived is also situational. Consider one
example among many: the stakes of
communicating experimental results externally to a
grant funding agency will be higher than when
communicating those results internally to fellow
grant collaborators. This variation is captured
mathematically by the choice of bounds for the CC
method.

Effect on Grades The CC has the largest effect on
student grades when technical content scores are
high. For example, a CC of 0.95 reduces 100.0 to
95.0—a change of 5.0—while it reduces 80.0 to
76.0—a change of 4.0. This represents how the
stakes of communicating change with the quality of
technical work. For example, when a student has
earned a high technical content score, it suggests
that they have more substantive information to
communicate than if the score was lower, meaning
there is “more to lose” when that information is not
communicated well.

Presenting Grades and Feedback Instructors
should present scores as follows to make the effects
and intentions of the CC clear:

Technical Points× CC = Total Score.

For example, say that a student has earned an
89.2% for his or her technical content and a CC of
1.04, leading to a total score of 92.8%. This should
be presented as follows:

89.2× 1.04 = 92.8.

The leftmost number represents the quality of the
student’s technical content on its own, while the
combined score represents how this technical
content would be perceived by an audience—a
higher number because it was communicated
especially well.

Presenting grades this way makes the effect of
communication on audience perception clear. It
shows what the technical content would have
earned with competent communication,
corresponding to a CC of 1.00, alongside what it
actually earned. This presentation may be
especially effective when the CC is less than 1.00,
as in the following:

92.5× 0.88 = 81.4.

In this case, poor communication caused a loss of
92.5 – 81.4 = 11.1 points. Under the traditional
grading method depicted in Fig. 1(a), where points
for communication are added to points for
technical content, poor communication would
appear to have caused a smaller gain of points
rather than a loss of points. Research suggests that
the psychological difference between these two
presentations may be significant: humans are
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naturally loss averse [22], a phenomenon that has
been observed in the literature with respect to
grading [23], [24], so the CC method may be more
motivating than the traditional one for reasons
beyond the effects that each one has on total points
earned.

Further Guidance for Instructors The
accountability that the CC method seeks to instill
in students extends to instructors, who should
explain the importance of writing and speaking to
their students and provide them with useful
communication feedback. This feedback should be
easy to differentiate from feedback on technical
content and should be based on the elements of
communication outlined in Table II.

The CC is appropriate for assignments involving
significant writing or presenting where the
instructor can differentiate between a student’s
technical content and the way it is communicated.
Occasionally, the differences between the two are
not clear, requiring instructors to look beyond what
a student wrote or said to interpret what they
meant. When doing so, it is important that
instructors avoid double-penalizing students by
docking both technical points and the CC for a
single mistake.

The CC method requires engineering faculty to
teach their students to communicate like
professionals. Conrad’s research captures the value
of this arrangement: engineering faculty, especially
those with recent practitioner experience, are best
equipped to teach the communication practices
specific to their field—practices that will likely not
be addressed in composition or even general
technical writing classes [25]. This CC method
assumes that engineering faculty are willing and
able to take on this task.

Finally, it might be assumed that the CC method
would increase instructor workload by increasing
their focus on communication quality. The results
of this study suggest that this workload increase is
not inevitable, as subsequent sections will describe.

SITUATING THE CASE

Our review of the literature has revealed no grading
technique for technical communication like the CC
method. Many papers describe rubrics and other
related techniques for assessing communication
[11], [23], [24], [26], [27]. Others address those
differences between the classroom and professional
workplace that skew student expectations of

communication’s importance and best practices
[5], [11], [14], [16]. However, we found no
description of a method that attempts to bridge
these differences using a grading technique, as
opposed to the equally important pursuit of
designing assignments, courses, and curricula [28],
[29], [30], [31], [32].

That said, the elemental principles of the CC
method are captured in the literature. In this
section, we review the literature pertaining to three
such principles: the philosophies described above,
the CC method’s hybrid analytic and holistic
grading approach, and the consideration of
communication as both separate from and linked
to technical content.

Three Philosophies The ideas behind Philosophy
1 have been demonstrated across a variety of
studies for both technical and nontechnical
communication. For example, studies show that
quality of communication affects audience
perception of news articles [33], [34]; research
proposals [35]; positive product reviews on the
internet [36]; email responses to housemate
advertisements [37]; job applications [38], [39];
author writing ability [40], [41]; PowerPoint slides
[42]; and, of course, technical writing [25]. In all
cases, language problems, such as spelling errors
or vagueness, had a negative effect on audience
perception. A study of composition errors found
that spelling mistakes lowered the mean student
grade from B to C, even though teachers were told
to assign grades based on content only [43]. Similar
phenomena have been observed on the negative
effects of poor handwriting [44] and the positive
effects of an “impressive writing style” [45, p. 27].

In keeping with Philosophy 2, some studies
demonstrated that the magnitude of the effects
noted above depended on the attributes of the
audience, such as their spelling ability or their
professional background [37], [38], [39], while
others demonstrated that communication quality is
“in the eye of the beholder” [46], [47]. Philosophy 2
is also consistent with examples in engineering
education, such as how departments teach memo
writing [48] or account for the influence of
professional communities of practice on student
communication needs [49].

Philosophy 3 captures the idea that technical
communication always matters, but to varying
degrees depending on the situation. The
importance of technical communication is evident
from its presence in the ABET requirements and
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our professional experience. We base the variance
in its importance on our experience with situations
of differing stakes, differing opportunities for
editing and correction, and differing audience
skepticism, hostility, and attention. We expect that
this experience is shared by other engineering
professionals.

Analytic and Holistic Grading Sadler
distinguishes between analytic and holistic grading
[50]. In analytic grading, “separate qualitative
judgements” [50, p. 161] of the various aspects of a
student’s work are made based on specified criteria,
and these judgments are aggregated into a final
score using a formula. In holistic grading, the score
instead stems from a single judgment that is based
on a “complex mental response” [50, p. 161] to the
student’s entire work, built up progressively as that
work is reviewed. The CC method is a hybrid of
these approaches. It is analytic because separate
scores for technical content and communication
are combined into a final score using a formula,
although with important differences from the
traditional method depicted in Fig. 1(a). It is
holistic in how it treats communication’s effect on
the perceived overall quality of an assignment, in
keeping with Philosophy 1, and in how the CC itself
is made up of a single score rather than an
aggregation of separate judgements.

Sadler points out that holistic appraisals are a
“more authentic representation of the ways many
appraisals are made in … everyday contexts,” [50,
p. 178] in keeping with the CC method’s goal of
more closely aligning the classroom with the
realities of professional work. Sadler also points out
the challenges of holistic methods, especially the
tendency for instructor mood or bias to compromise
their reliability. The CC method accepts and
emphasizes the subjectivity of instructor
evaluations (Philosophy 2), but arbitrariness is not
its intent. The guidelines in Tables I and II are
designed to mitigate this potential pitfall, and
instructors can take further steps to do so, such as
collaborative grading or ordered ranking of student
assignments based on communication quality.

Technical Content and Communication Quality
The CC method considers technical content and
communication quality as inextricably linked, yet it
also requires instructors to consider them
separately as they evaluate assignments. This
paradox has been addressed in the literature. For
example, the Dutch Renaissance philosopher
Erasmus said the following regarding the tension

between expression (i.e., communication) and
content.

It might be thought that these two aspects are so
interconnected in reality that one cannot easily
separate one from the other, and that they
interact so closely that any distinction between
them belongs to theory rather than practice.
Even so, I intend to separate them as a teaching
procedure, doing it in such a way that I lay
myself open to the charge neither of drawing
hair-splitting decisions, nor of being careless
about details. [51, p. 301]

Closer to the present, Carville et al. say the
following in their discussion of integrating writing
into technical courses.

Rather than separating a student’s grade into
two parts—one grade for technical content, one
for writing—you can show students that writing
is integral to communicating technical
information by tying writing to content. [52, p. 4]

Similar sentiment regarding the integration of
writing into engineering assignments can be found
in abundance within the American Society for
Engineering Education’s repository of conference
proceedings [53], [54], [55], [56], [57].

Summary Our literature review has shown that
although the CC method appears to be an
innovation, the constituent ideas and techniques of
the method are already well established. Thus, the
newness of the method is in how it unifies these
established ideas and techniques rather than any
revolutionary departure from established thought.
As a result, we expect that the CC method is
compatible with the sensibilities of much of the
engineering community. We have yet to articulate
its value, however; that is the subject of the next
section.

METHODS AND APPROACH

The purpose of the study described below was to
answer the following pair of research questions:

RQ1. What should be sustained or improved
about the CC method?
RQ2. Is the CC method worth further
experimentation in more classes and across
more departments?

The purpose of RQ1 is to inform the long-term,
iterative development of the CC method: to discover
what adjustments to it may be necessary to
maximize its usefulness. The purpose of RQ2 is to
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TABLE III
NUMBER OF SECTIONS, INSTRUCTORS, AND STUDENTS FOR

COURSES PARTICIPATING IN THIS STUDY∗

determine whether follow-on studies are worth
considering based on the results of our initial
study. It acknowledges that one semester is not
long enough to evaluate whether the CC method
meets its goal of improving student
communication; assessing these effects would
require longer term, longitudinal studies,
potentially involving more students and courses.
For this further experimentation to be worthwhile,
the results of this study must show the following:

• Evidence of benefit: The study must show that
the CC method encourages students to do things
that will ultimately improve their
communication. For example, results indicating
that the method encourages students to pay
more attention to their communication and those
of others would be evidence of benefit.

• Lack of evidence of harm: The study must not
show, in any obvious systematic way, that the
CC method discourages students to improve their
communication or otherwise harms their ability
to complete their assignments and learn. For
example, results indicating that students
perceive the CC method as punitive would
suggest that it is discouraging and therefore
potentially harmful.

To answer the research questions outlined above,
we constructed our study as follows.

1. Use the CC method over one semester
(Spring 2020) in three courses within the
Department of Systems Engineering. Details
of these courses are outlined in Tables III and
IV. All instructors within each course were
directed to use the CC method as described in
previous sections of this report, including the
0.80–1.05 numeric scale. The traditional method
of grading communication depicted in Fig. 1(a)
was employed in all three of these courses prior
to the semester of this study, with the number

of points dedicated to assessing communication
quality varying by course and assignment.

2. Collect and analyze feedback from students
through a quantitative, end-of-semester
survey about the CC method. This survey
consisted of 16 Likert scale questions, each with
five response options ranging between “Strongly
Agree” and “Strongly Disagree.” These questions
are outlined in Table V. Among the 149 students
who consented to participate in the study (see
Table III), 45 submitted this survey (∼30%). A
variety of factors may have caused this low
response rate, including USMA’s transition to
remote teaching at this study’s midpoint due to
the COVID-19 pandemic and the fact that no
course credit or penalty was attached to
completion of the survey.

3. Collect and analyze feedback from
instructors through a qualitative,
end-of-semester survey. Instructor surveys
consisted of 11 questions requiring long-form
answers. These questions are outlined in
Table VI. Note that two of the 10 instructors in
the participating group are also creators of the
method; their feedback was excluded. Another
of these instructors is an author on this paper;
this instructor’s feedback was not excluded. As
a result, eight instructors’ responses to the
survey were used in this study. Research on the
sample size necessary to achieve saturation in
qualitative research indicates that a respondent
size of eight was likely sufficient to “capture the
diversity, depth, and nuances of the issues
studied” [58, p. 2], [59]. That said, eight is at the
lower end of an acceptable sample size, and to
apply, the respondents must be drawn from a
“relatively homogenous study population” [58, p.
9]. This requirement seems to have been met for
the instructors surveyed in this study but will
limit the generalizability of the results.

4. Collect and analyze the CC scores earned by
students. These scores were compared to
external data such as grades in English classes
and standardized test scores to identify any
concerning correlations, such as a negative
correlation between CC scores and English
grades. Such concerning correlations might
suggest that the method is not accurately
representing student communication ability,
potentially doing harm as a result.

In Fig. 2, arrows illustrate which survey questions
were used to answer each research question. As
depicted, individual survey responses bear
primarily on RQ1 or RQ2, while the results of RQ1
also bear on RQ2. The figure also distinguishes
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TABLE IV
DESCRIPTION OF COURSES PARTICIPATING IN THE STUDY

TABLE V
STUDENT SURVEY QUESTIONS (QUANTITATIVE RESPONSES, FIVE-LEVEL LIKERT SCALE)

TABLE VI
INSTRUCTOR SURVEY QUESTIONS (QUALITATIVE RESPONSES)
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Fig. 2. Mapping of survey responses and research
questions. For some student survey questions, an “agree”
response indicates a favorable opinion of the CC method;
these questions are marked in bold, green text. Those for
which a “disagree” response indicates a favorable opinion
are marked by red, normal weight text.

those student questions for which an “agree”
answer is favorable to the CC method, S1–S13,
from those for which a “disagree” answer is
favorable, S14–S16.

This study was classified as human subjects
research and was approved by USMA’s institutional
review board. A control group was not used in this
study because of the complications brought about
by using more than one grading method in the
same course. All instructors and students were
given the choice to participate in the study. All
instructors and 149 out of 230 students (∼65%)
consented to participate. Students that did not
consent were not asked to fill out the student
survey, although they were still graded using the
CC method.

RESULTS AND DISCUSSION

Student Results Raw student survey responses
are depicted in Fig. 3 as relative frequency
distributions. An alternate perspective on these
results featuring means and confidence intervals is
depicted in Fig. 4. Although Likert data are
inherently ordinal, the mean of a survey question’s
responses can be calculated using parametric
methods [60], provided the Likert scale consists of
at least five levels and at least five levels of the
scale are observed in the response data [61]. As
Fig. 3 shows, these conditions hold for all student
survey responses except to questions S3 and S14,
which have no “Strongly Disagree” responses.
Accordingly, following the recommendations set
forth by Harpe [61], we used resampling with
replacement (commonly known as nonparametric
bootstrapping [62]) to derive the 95% confidence
intervals seen in Fig. 4. Observations follow.

Fig. 3. Student responses to survey questions (n = 45).
Survey questions are noted at the left (see Table V). The
three percentages noted for each question represent the
proportions of responses corresponding to three
groupings: both levels of disagree (at left), neutral
(center), and both levels of agree (at right). Figure created
using Likert package for R [64].

Fig. 4. Mean student responses to survey questions
with 95% confidence intervals (n = 45). Survey questions
are noted at the left (see Table V). Responses were
converted to numeric scores ranging between 1 (strongly
disagree) and 5 (strongly agree). Confidence intervals
were created using resampling with replacement,
commonly known as bootstrapping [62].

1. On aggregate, there was no clear unfavorable
reaction to the CC method among the survey
results. As Figs. 3 and 4 show, student
responses overall agreed or were neutral for
questions in which agreement was favorable to
the CC method, and they disagreed or were
neutral for questions in which disagreement was
favorable. These facts lend credence to a lack of
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evidence of harm, in keeping with the condition
for RQ2 outlined above.

2. There is some evidence of benefit. For example,
students agreed that the CC method increased
the amount of attention they pay to their own
writing and presenting (question S9) and to that
of others to a lesser extent (S13). Both findings
suggest benefits of the CC method, as we can
expect increased attention to communication to
yield improvements to this skill. These findings
were expected; as one study notes: “For
engineering students, writing is work to ‘get
done’ and perhaps not viewed as important as
‘engineering work’ ” [63, pp. 12–13]. Such
sentiment suggests that calculation typically
overshadows communication in the eyes of
engineering students, which is problematic
when improving their communication skills is a
professional imperative. Fortunately, earning
good grades tends to motivate students, and
scaling students’ “engineering work” by the CC
appears to have had the desired effect in
general.

3. On aggregate, students seemed to understand
how the CC method works (S5, S8, and S11)
and found it to be fair and developmental (S6,
S7, S15, and S16). Their preference for it being
used in other classes was also weakly favorable
(S10 and S12).

These results suggest that, on aggregate, the CC
method is not harmful and may be helpful. That
said, some students had strongly unfavorable
opinions of the method that must be considered,
for it is possible that for these students, the method
was not helpful and was potentially harmful. For
example, a significant minority of students did not
understand the basis for their CC scores (S5),
found the method to be applied unfairly (S7),
and/or did not want to see it used in other classes
(S10 and S12). The reasons for these results are
not clear, but it is possible that they would be
mitigated if instructors were better trained to
explain and use the method or if its numeric
bounds were adjusted, as described below.

Instructor Results Given the novelty of the CC
method, we inductively coded the open-ended
instructor survey questions, the results of which
were analyzed thematically [66]. The most
important code, used to bin all other responses,
was derived from question I2: Provide your overall
assessment of the CC approach. We derived three
ordinal codes from an initial reading of this
question’s responses: in favor, neutral, and not in
favor. Due to its special importance as a top-level
categorizer, two of the authors independently coded

this question, and their interrater agreement was
assessed via Cohen’s weighted kappa [67] with
linear weights [68] using R’s vcd package [69]. With
a weighted kappa value of 0.86 (p < 0.0001), their
agreement was excellent [70], lending validity to the
assigned codes. The lone coding discrepancy
involved one author coding a response in favor and
the other coding it neutral, but after discussion, the
discrepancy was resolved to in favor. This produced
the final coding in which four instructors were in
favor, two were neutral, and two were not in favor of
the CC method. Other questions were coded
independently by one author. Common codes
included those pertaining to the use of the CC
method (e.g., “proper”), the attitudes of students
toward the method as perceived by the instructors
(e.g., “resentful”), and the effects of the CC method
as perceived by the instructors (e.g., “helpful”).
Thematic results are summarized below. Where not
otherwise noted, the question being responded to is
noted parenthetically after each instructor
quotation.

Example responses to question I2 include the
following.

1. In favor: “I think [the CC method] is critical in
reinforcing the importance of communication on
the cadets.”

2. Not in favor: “I do not like the CC approach, or
at least I think it needs to be refined.”

3. Neutral: “[The CC method] helps fix routine
minor oversights and format. [It] does not
impact cadet writing ability.”

Those instructors who opposed the CC method
found it punitive and were concerned that students
resented it. They disliked the grade scaling aspect
of the method because of the way it can reduce
points.

I am not comfortable assigning a grade only to
downgrade it based on the CC. I think that a
clean grade is more straightforward and causes
less resentment. (I3)

When asked if they would like to use the CC
method again, one instructor in opposition replied,
“No, I think it causes too much uneasiness and
resentment with the cadets …” (I11).

Those instructors who supported the CC method
found that it was a useful way to reinforce the
importance of good communication: “I like [the CC
method]. It seemed to get [the students’] attention
and improve [their] attention to detail …” (I2).
These instructors generally reported that the
method compelled them to increase their
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communication feedback: “It is a nice forcing
function for providing feedback on the quality of
communication” (I3). They also expressed a
preference for using the method in more classes,
explaining that the method’s value would increase
if students gained more exposure to it: “This
system gains utility with every course that uses it
because it builds familiarity among the cadets and
instructors” (I10). These instructors also suggested
improvements to the method (I7), including
changing its numeric scale based on the needs and
focus of individual courses and standardizing how
grading using the CC method is performed across
instructors.

Most instructors reported minor increases to the
amount of time they spent grading because of the
CC method. The most significant reported increase,
which was not representative of the general
response, was 25%, resulting from reading “every
paper twice, once straight for content, and once for
communication.” (I8) This response was from an
instructor in favor of the method.

Some instructors used the method in a way not
intended or otherwise showed a lack of
understanding of its purpose:

1. One instructor in favor of the method used the
CC like a metaphorical control knob, adjusting
it until final grades matched the “holistic grade
[they] thought an assignment deserved.” (I7)

2. Another automatically assigned CC scores of
1.00 to circumvent the method.

3. One instructor in favor of the method deducted
0.01 points from each assignment’s CC score for
every communication error within it. (Note that
this instructor did not submit their CC scores to
the authors; therefore, they do not factor in to
the score analysis detailed below.)

4. In response to question I2, one instructor not in
favor related a CC score of 0.80 to a grade
assignment of B–, which is not the way the
scores should be viewed.

Finally, instructors reported mixed levels of
difficulty in separating technical content from
communication quality (question I5). Two
instructors, both in favor of the method, reported
difficulty; three instructors, one in favor, one not,
and one neutral, reported no difficulty; and the
remaining instructors described their methodology
rather than reporting a clear difficulty level: “It has
added time in that, to make the approach work, I
read a document first for communication quality
and then reread for technical content.”

Our takeaways from these results are as follows.

1. Under the right circumstances (see below), the
CC method appears to increase student
attention to their communication and the
amount of communication feedback offered by
instructors, which together we would expect to
improve student communication over time.

2. These “right circumstances” are not to be taken
for granted: instructors must actively create
them. The results of this study do not define
these circumstances explicitly, but we can
expect that they involve an environment in
which students feel that their grades are fair
[23]. Fairness in classroom assessment is a rich
area of research [71]. One principle of
assessment fairness is that when grading
procedures are explained to students, they are
more likely to perceive those procedures as fair
[72], suggesting that students will perceive the
CC method as fairer if they understand how it
works. Another principle is that students’
perception of fairness increases when they are
given adequate feedback [73], as the CC method
encourages. From the results outlined above, we
can expect that the CC method’s numeric
bounds and grade scaling effect also influence
students’ perception of fairness. Regarding the
former: it could be that numeric bounds of
0.80–1.05 leave too much room for point
deduction for some students in some courses. If,
for example, students are not explicitly taught
technical communication in a dedicated course
before being exposed to the CC method—the
typical situation in this study—then a lower
bound of 0.80 may seem like an unfair
misalignment between “what is taught and what
is assessed,” as phrased by Tierney [71, pp.
134–135]. Raising the lower bound of the scale
to promote a sense of fairness is in keeping with
Philosophy 3, so long as enough points are in
play for the method to remain motivating. As for
the grade scaling effect—the manifestation of
Philosophy 1—some instructors clearly dislike
this core aspect of the CC method because they
believe it creates resentment. If we accept
Philosophy 1, then grade scaling represents a
reality of professional work that students will
benefit from being exposed to [74]. If instructors
using the method explain this aspect of
professional work to their students, it will
hopefully help them to see its value and prevent
them from resenting it.

3. Instructors must use the CC method in an
agreed-upon, standard way to ensure that it is
used consistently, in keeping with the fairness
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TABLE VII
THREE COMMUNICATION PHILOSOPHIES AND THE WAYS IN WHICH THE CC METHOD

CAPTURES THEM

Fig. 5. Distribution of communication coefficients
assigned by instructors.

principle of procedural justice described in the
literature [73]. Philosophy 2 encourages
instructors to rely on their subjective judgement
when evaluating communication quality, but
this subjectivity does not extend to the
misapplications of the method outlined above.
Such misapplications will compromise those
“right circumstances” under which the method
will be helpful.

These takeaways share a common theme:
instructors must understand the CC method, use it
properly, and convey it to their students so they
understand it. It appears to be a method with the
potential for good and harm, depending in large
part on how instructors use it and explain it. The
literature suggests that many instructors may
resist the changes that using the CC method
necessitates [75]. Understanding instructors’
attitudes towards the method should help
departments overcome this resistance, as will
understanding the barriers and incentives in the
improvement of teaching [76].

CC Score Analysis Fig. 5 shows the distribution
of assigned CC scores. Of the over 1100

assignments graded with the CC method, 10% of
them lost more than 5 percentage points from the
CC and 2% lost more than 10 percentage points,
roughly equivalent to one letter grade. Instructors
kept their CC scores largely within the 0.95–1.05
range, meaning it was uncommon for the CC to
substantially lower grades. It is not clear how
much this result reflects the actual quality of the
students’ communication as represented in the
rubric (see Table I) or a hesitance of instructors to
lower their students’ grades too much for poor
communication. (Keep in mind that at least one
instructor routinely assigned CC scores of 1.00 to
circumvent the method.)

For completeness, students’ CC scores were
analyzed against their scores on standardized tests
and in English classes to identify any correlations
that might exist between their CC scores and these
variables. Our analysis found low or no such
correlations. This was expected: the CC method as
employed in this study gauged quality of technical
communication, which is not directly measured by
these other variables.

Answering the Research Questions Given these
findings, we answer the two research questions as
follows.

RQ1. What should be sustained or improved about
the CC method? The core elements of the CC
method described in Situating the Case are valid
and should be sustained. Under the right circum-
stances, the method can encourage students to
pay more attention to their communication and
encourage instructors to provide them with the
feedback needed to improve without significant
increases to their workload. That said, improve-
ments to the method may be necessary to create
the “right circumstances” described above. These
improvements are rooted in its implementation
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rather than its core design. First, the numeric
bounds of the CC should be adjusted to encourage
a sense of fairness while maintaining a motivat-
ing effect. And second, instructors must use the
method properly and explain its motivation, me-
chanics, and philosophical underpinnings to their
students.

RQ2. Is the CC method worth further experimentation
inmore classes and acrossmore departments? Yes.
The method has shown potential for good and its
potential for harm may be mitigated or eliminated
through the steps outlined above. The challenge of
any further experimentation will be to fully define
the “right circumstances” introduced above and to
ensure that they are brought about.

CONCLUSION

The purpose of the CC method is to give students a
realistic sense for the effects and importance of
communication in the professional engineering
workplace. It does this by capturing three
“philosophies” of professional engineering
communication, summarized in Table VII, and by
making the effects of these philosophies apparent
to students in their grades.

Our experience with the CC method suggests that
it encourages good student communication. It also
encourages instructors to offer the feedback neces-
sary to help students improve their communication.
Our experience also suggests that the method can
appear punitive to both instructors and students,
potentially discouraging the developmental
environment it seeks to create. This perception
may be mitigated through proper introduction
of the method and by taking advantage of its
flexibility.

“An ability to communicate effectively with a range
of audiences” is among ABET’s student outcomes
[4], meaning engineering departments must
demonstrate their focus on this outcome and their
students’ ability to communicate for accreditation.
The CC method may provide a way for engineering
departments to demonstrate their compliance
with this outcome. It could do this by providing
a consistent metric of communication ability used
across a department and by documenting the parts
of students’ grades earned for technical content
separately from those earned for communication
ability.

In this article, we have explained the fundamentals
of the CC method and a formal study conducted on
it. The results of the study are encouraging, but
follow-on work is necessary to determine how well

the CC method fulfills the need that motivates it: to
improve the communication skills of engineering
graduates. This work must expand upon the
narrow scope of this study: three classes in one
department over one semester. It must also address
several potential sources of bias in this study. First,
the sampling of students was not random—there
may be a correlation between a student’s
willingness to fill out the survey and that student’s
general opinion of new grading techniques like the
CC method. Second, the CC method was evaluated
for this study, in large part, by those who created
the method, who may have a natural hesitance to
criticize their own creation, a form of ownership
bias [77]. And, finally, instructor surveys were
conducted nonanonymously, potentially allowing
interpersonal and intradepartmental social
pressures to color their stated opinions: a form of
social desirability bias [78].

We conclude with a question to be addressed in
future work: Could the CC method motivate better
student communication even if it does not impact
student grades? Consider an alternate use of the
CC method in which students still receive the
feedback required by the method, including the
“perceived” final grade resulting from grade scaling,
but in which their actual final grade is not affected
by the method. Research demonstrates that the
presence of a grade can interfere with
interpretation of instructor “descriptive” feedback
[79], a primary element of the CC method, and
several studies illustrate the sometimes-harmful
effects of grades on student motivation [80]. Based
on this research, it is possible that by detaching
the method from grades, its virtues would be
enhanced and its issues—including potential
resentment among students—mitigated. An
alternate, hybrid approach would involve detaching
the CC method from grades for early assignments
and applying it to later ones, thereby giving
students a chance to get used to the method and
the feedback of their instructor before their grades
are affected. We suggest exploring these alternate
means of employing the CC method as a next step
in assessing its potential.

ACKNOWLEDGMENT

The authors would like to thank the following
individuals for their contributions to this work:
R. Morales for his leadership and support; B. Van
Poppel for his collaboration; S. Gillespie for helping
to originate the CC method; C. Eils and M. Shugars
for their early suggestions of direction and focus; K.
Peck for her help navigating the institutional review



LONDNER et al.: CC METHOD 217

board process; K. Pegues, R. Vetter, B. McCrea,
N. Manzonelli, J. Zuccarelli, R. Londner, and R.
D’Erminio for their feedback; and the anonymous
reviewers for their thoughtful comments that

improved this article. The views expressed herein are
those of the authors and do not reflect the position of
the United States Military Academy, the Department
of the Army, or the Department of Defense.

REFERENCES

[1] J. Norback, E. Leeds, and K. Kulkarni, “Integrating an executive panel on communication into an engineering
curriculum,” IEEE Trans. Prof. Commun., vol. 53, no. 4, pp. 412–422, Dec. 2010.

[2] S. Brunhaver, S. Gilmartin, M. Grau, S. Sheppard, and H. Chen, “Not all the same: A look at early career
engineers employed in different sub-occupations,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2013,
pp. 1–27, doi: 10.18260/1-2–22315.

[3] H. Passow, “Which ABET competencies do engineering graduates find most important in their work?,” J. Eng.
Educ., vol. 101, no. 1, pp. 95–118, Jan. 2012, doi: 10.1002/j.2168-9830.2012.tb00043.x.

[4] ABET Criteria for Accrediting Engineering Programs, 2019-2020. [Online]. Available: https://www.abet.org/
accreditation/accreditation-criteria/criteria-for-accrediting-computing-programs-2019-2020/

[5] M. C. Paretti, “Teaching communication in capstone design: The role of the instructor in situated learning,” J.
Eng. Educ., vol. 97, no. 4, pp. 491–503, Jan. 2008, doi: 10.1002/j.2168-9830.2008.tb00995.x.

[6] L. Reave, “Technical communication instruction in engineering schools: A survey of top-ranked U.S. and
Canadian programs,” J. Bus. Tech. Commun., vol. 18, no. 4, pp. 452–490, Oct. 2004, doi: 10.1177/105065190
4267068.

[7] J. D. Ford and S. W. Teare, “The right answer is communication when capstone engineering courses drive the
questions,” J. Sci. Technol. Eng. Math. Educ., vol. 7, nos. 3/4, pp. 5–12, Dec. 2006.

[8] S. Geonetta, “Integration of communication skills into a technical curriculum: A case study in information
technology,” in Proc. Int. Prof. Commun. Conf., 2005, pp. 441–446, doi: 10.1109/IPCC.2005.1494208.

[9] J. Swarts and L. Odell, “Rethinking the evaluation of writing in engineering courses,” in Proc. 31st Annu. Front.
Educ. Conf. Impact Eng. Sci. Educ. Conf., 2001, vol. 1, pp. T3A-T25–T3A-30, doi: 10.1109/FIE.2001.963905.

[10] C. Plumb and C. Scott, “Outcomes assessment of engineering writing at the University of Washington,” J. Eng.
Educ., vol. 91, no. 3, pp. 333–338, Jul. 2002, doi: 10.1002/j.2168-9830.2002.tb00711.x.

[11] G. W. Brinkman and T. M. van der Geest, “Assessment of communication competencies in engineering design
projects,” Tech. Commun. Quart., vol. 12, no. 1, pp. 67–81, 2003, doi: 10.1207/s15427625tcq1201_5.

[12] L. J. Shuman, M. Besterfield-Sacre, and J. McGourty, “The ABET ‘professional skills’ —Can they be taught? Can
they be assessed?,” J. Eng. Educ., vol. 94, no. 1, pp. 41–55, Jan. 2005, doi: 10.1002/j.2168-9830.2005.
tb00828.x.

[13] L. M. de Souza Almeida, “Understanding industry’s expectations of engineering communication skills,” Ph.D.
dissertation, Dept. Eng. Educ., Utah State Univ., Logan, UT, USA, 2019.

[14] J. Doumont, “Developing real-world communication skills in non-communication classrooms,” in Proc. IEEE Int.
Prof. Commun. Conf., 2002, pp. 138–144, doi: 10.1109/IPCC.2002.1049098.

[15] N. Artemeva, “Stories of becoming: A study of novice engineers learning genres of their profession,” in Genre in a
Changing World, C. Bazerman, A. Bonini, and D. Figueiredo, Eds. Anderson, SC, USA: Parlor Press, 2009,
pp. 158–178.

[16] D. P. Dannels, “Teaching and learning design presentations in engineering,” J. Bus. Tech. Commun., vol. 17,
no. 2, pp. 139–169, Apr. 2003, doi: 10.1177/1050651902250946.

[17] D. A. Winsor, Writing Like an Engineer: A Rhetorical Education. Evanston, IL, USA: Routledge, 2013.
[18] A. Blakeslee, “Bridging the workplace and the academy: Teaching professional genres through

classroom-workplace collaborations,” Tech. Commun. Quart., vol. 10, no. 2, pp. 169–192, 2001,
doi: 10.1207/s15427625tcq1002_4.

[19] A. Darling and D. Dannels, “Practicing engineers talk about the importance of talk: A report on the role of oral
communication in the workplace,” Commun. Educ., vol. 52, no. 1, pp. 1–16, 2003, doi: 10.1080/036345
20302457.

[20] J. Trevelyan, The Making of an Expert Engineer. Boca Raton, FL, USA: CRC, 2014.
[21] L. H. Faulk, D. M. Settlage, and J. R. Wollscheid, “Influencing positive student behavior using the endowment

effect,” E J. Bus. Educ. Scholarship Teach., vol. 13, no. 1, pp. 20–29, 2019.
[22] D. Kahneman and A. Tversky, “Prospect theory: An analysis of decision under risk,” Econometrica, vol. 47, no. 2,

pp. 263–291, Mar. 1979, doi: 10.2307/1914185.
[23] T. Docan, “Positive and negative incentives in the classroom: An analysis of grading systems and student

motivation,” J. Scholarship Teach. Learn., vol. 6, no. 2, pp. 21–40, Oct. 2006.
[24] D. McEvoy, “Loss aversion and student achievement,” Econ. Bull., vol. 36, no. 3, pp. 1762–1770, Sep. 2016.
[25] S. Conrad, “A comparison of practitioner and student writing in civil engineering,” J. Eng. Educ., vol. 106, no. 2,

pp. 191–217, Apr. 2017, doi: 10.1002/jee.20161.
[26] A. Parker, K. Marcynuk, and R. Graves, “Attribute 7 and assessing written communication skills in engineering,”

in Proc. Can. Eng. Educ. Assoc. Conf., 2014, pp. 1–5, doi: 10.13140/2.1.1828.6084.
[27] J. Swarts and L. Odell, “Rethinking the evaluation of writing in engineering courses,” in Proc. 31st Amer. Soc.

Eng. Educ./IEEE Front. Educ. Conf., 2001, pp. T3A–T25, doi: 10.1109/FIE.2001.963905.
[28] S. Anwar and P. Ford, “Teaching technical communications to get students: A case study approach paper,” in

Proc. Amer. Soc. Eng. Educ. Annu. Conf., 1999, pp. 4.493.1–4.493.11.

https://dx.doi.org/10.18260/1-2&ndash;22315
https://dx.doi.org/10.1002/j.2168-9830.2012.tb00043.x
https://www.abet.org/penalty -@M accreditation/accreditation-criteria/criteria-for-accrediting-computing-programs-2019-2020/
https://www.abet.org/penalty -@M accreditation/accreditation-criteria/criteria-for-accrediting-computing-programs-2019-2020/
https://dx.doi.org/10.1002/j.2168-9830.2008.tb00995.x
https://dx.doi.org/10.1177/105065190penalty -@M 4267068
https://dx.doi.org/10.1177/105065190penalty -@M 4267068
https://dx.doi.org/10.1109/IPCC.2005.1494208
https://dx.doi.org/10.1109/FIE.2001.963905
https://dx.doi.org/10.1002/j.2168-9830.2002.tb00711.x
https://dx.doi.org/10.1207/s15427625tcq1201_5
https://dx.doi.org/10.1002/j.2168-9830.2005.penalty -@M tb00828.x
https://dx.doi.org/10.1002/j.2168-9830.2005.penalty -@M tb00828.x
https://dx.doi.org/10.1109/IPCC.2002.1049098
https://dx.doi.org/10.1177/1050651902250946
https://dx.doi.org/10.1207/s15427625tcq1002_4
https://dx.doi.org/10.1080/036345penalty -@M 20302457
https://dx.doi.org/10.1080/036345penalty -@M 20302457
https://dx.doi.org/10.2307/1914185
https://dx.doi.org/10.1002/jee.20161
https://dx.doi.org/10.13140/2.1.1828.6084
https://dx.doi.org/10.1109/FIE.2001.963905


218 IEEE TRANSACTIONS ON PROFESSIONAL COMMUNICATION, VOL. 66, NO. 2, JUNE 2023

[29] M. Biswas and A. AlShalash, “Improve technical communication using scaffolding method in mechanical
engineering courses,” in Proc. Fall Amer. Soc. Eng. Educ. Middle Atlantic Sect. Meeting, 2021, pp. 1–11.

[30] A. Hanson et al., “Technical communication instruction for graduate students: The communication lab vs. A
course,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2017, pp. 1–27, doi: 10.18260/1-2–29159.

[31] J. Kuczenski and T. Serviss, “Work in progress: First-year student signature project - design an infographic on
‘what is technical communication?,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2017, pp. 1–27,
doi: 10.18260/1-2–28932.

[32] R. Ordonez et al., “A pedagogical concept of integrating multidisciplinary design and technical communication
paper,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf., 2000, pp. 5.48.1–5.48.12, doi: 10.18260/1-2–8621.

[33] A. Appelman and P. Bolls, “Article recall, credibility lower with grammar errors,” Newspaper Res. J., vol. 32,
no. 2, pp. 50–62, 2011, doi: 10.1177/073953291103200205.

[34] A. Appelman and M. Schmierbach, “Make no mistake? Exploring cognitive and perceptual effects of grammatical
errors in news articles,” J. Mass Commun. Quart., vol. 95, no. 4, pp. 930–947, 2018, doi: 10.1177/10776990
17736040.

[35] K. Boyack, C. Smith, and R. Klavans, “Toward predicting research proposal success,” Scientometrics, vol. 114,
pp. 449–461, 2018, doi: 10.1007/s11192-017-2609-2.

[36] C. Stiff, “Watch what you write: How errors in feedback influence consumer attitudes and behavior,” J. Internet
Commerce, vol. 11, no. 1, pp. 41–67, 2012, doi: 10.1080/15332861.2012.650988.

[37] R. Queen and J. E. Boland, “I think your going to like me: Exploring the role of errors in email messages on
assessments of potential housemates,” Linguistics Vanguard, vol. 1, no. 1, pp. 283–293, 2015,
doi: 10.1515/lingvan-2015-0011.

[38] D. H. Charney, J. Rarman, and L. Ferreira-Buckley, “How writing quality influences readers’ judgments of
résumés in business and engineering,” J. Bus. Tech. Commun., vol. 6, no. 1, pp. 38–74, 1992,
doi: 10.1177/1050651992006001002.

[39] C. Martin-Lacroux and A. Lacroux, “Do employers forgive applicants’ bad spelling in résumés?,” Bus. Prof.
Commun. Quart., vol. 80, no. 3, pp. 321–335, 2017, doi: 10.1177/2329490616671310.

[40] D. S. Kreiner, S. D. Schnakenberg, A. G. Green, M. J. Costello, and A. F. McClin, “Effects of spelling errors on
the perception of writers,” J. Gen. Psychol., vol. 129, no. 1, pp. 5–17, 2002, doi: 10.1080/00221300209602029.

[41] L. Figueredo and C. K. Varnhagen, “Didn’t you run the spell checker? Effects of type of spelling error and use of
a spell checker on perceptions of the author,” Reading Psychol., vol. 26, nos. 4/5, pp. 441–458, 2005,
doi: 10.1080/02702710500400495.

[42] W. Blokzijl and B. Andeweg, “The effects of text slide format and presentational quality on learning in college
lectures,” in Proc. Int. Prof. Commun. Conf., 2005, pp. 288–299, doi: 10.1109/IPCC.2005.1494188.

[43] D. Scannell and J. Marshall, “The effect of selected composition errors on grades assigned to essay
examinations,” Amer. Educ. Res. J., vol. 3, no. 2, pp. 125–130, 1966, doi: 10.3102/00028312003002125.

[44] J. Marshall and J. Powers, “Writing neatness, composition errors, and essay grades,” J. Educ. Meas., vol. 6,
no. 2, pp. 97–101, 1969, doi: 10.1111/j.1745-3984.1969.tb00665.x.

[45] A. Rezaei and M. Lovorn, “Reliability and validity of rubrics for assessment through writing,” Assessing Writing,
vol. 15, pp. 18–39, 2010, doi: 10.1016/j.asw.2010.01.003.

[46] M. Carter, C. Miller, and A. Penrose, “Effective composition instruction: What does the research show,” Center
Commun. Sci. Technol. Manage. Pub. Ser., vol. 3, Apr. 1998.

[47] J. Holsanova, “In the eye of the beholder: Visual communication from a recipient perspective,” in Visual
Communication, D. Machin, Ed., Berlin, Germany: De Gruyter Mouton, 2014, pp. 331–356, doi: 10.1515/978311
0255492.331.

[48] R. Bercich, S. Summers, P. Cornwell, and J. Mayhew, “Technical communication across the ME curriculum at
Rose-Hulman,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2018, pp. 1–10, doi: 10.18260/1-2–31067.

[49] E. Fife, “Making the case for technical communication courses in Ph.D. engineering curricula,” in Proc. Amer.
Soc. Eng. Educ. Annu. Conf. Expo., 2019, pp. 1–15, doi: 10.18260/1-2–33079.

[50] D. Sadler, “Indeterminacy in the use of preset criteria for assessment and grading,” Assessment Eval. Higher
Educ., vol. 34, no. 2, pp. 159–179, 2009, doi: 10.1080/02602930801956059.

[51] D. Erasmus, “Copia: Foundations of the abundant style,” in Literary and Educational Writings, 1 and 2, C. R.
Thompson, Ed. Toronto, ON, Canada: Univ. Toronto Press, 1978, pp. 279–660.

[52] C. Carvill, S. Smith, A. Watt, and J. Williams, “Integrating writing into technical courses: Steps toward
incorporating communication into the engineering classroom,” in Proc. Amer. Soc. Eng. Educ. Conf., 2002,
pp. 7.707.1–7.707.14.

[53] P. Agrawal, “Integration of critical thinking and technical communication into undergraduate laboratory
courses,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 1997, pp. 2.253.1–2.253.8, doi: 10.18260/1-2–6639.

[54] J. Donnell, “Technical communication in a large course: Practical guidelines for instructors,” in Proc. Amer. Soc.
Eng. Educ. Annu. Conf. Expo., 2001, pp. 6.968.1–6.968.11, doi: 10.18260/1-2–9890.

[55] C. Wigal, “A systems approach to integrating technical communications instruction with the engineering
curriculum,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2003, pp. 8.131.1–8.131.12,
doi: 10.18260/1-2–12559.

[56] N. Erdil et al., “Preliminary assessment of and lessons learned in PITCH: An integrated approach to developing
technical communication skills in engineers,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2016, pp. 1–22,
doi: 10.18260/p.25944.

https://dx.doi.org/10.18260/1-2&ndash;29159
https://dx.doi.org/10.18260/1-2&ndash;28932
https://dx.doi.org/10.18260/1-2&ndash;8621
https://dx.doi.org/10.1177/073953291103200205
https://dx.doi.org/10.1177/10776990penalty -@M 17736040
https://dx.doi.org/10.1177/10776990penalty -@M 17736040
https://dx.doi.org/10.1007/s11192-017-2609-2
https://dx.doi.org/10.1080/15332861.2012.650988
https://dx.doi.org/10.1515/lingvan-2015-0011
https://dx.doi.org/10.1177/1050651992006001002
https://dx.doi.org/10.1177/2329490616671310
https://dx.doi.org/10.1080/00221300209602029
https://dx.doi.org/10.1080/02702710500400495
https://dx.doi.org/10.1109/IPCC.2005.1494188
https://dx.doi.org/10.3102/00028312003002125
https://dx.doi.org/10.1111/j.1745-3984.1969.tb00665.x
https://dx.doi.org/10.1016/j.asw.2010.01.003
https://dx.doi.org/10.1515/978311penalty -@M 0255492.331
https://dx.doi.org/10.1515/978311penalty -@M 0255492.331
https://dx.doi.org/10.18260/1-2&ndash;31067
https://dx.doi.org/10.18260/1-2&ndash;33079
https://dx.doi.org/10.1080/02602930801956059
https://dx.doi.org/10.18260/1-2&ndash;6639
https://dx.doi.org/10.18260/1-2&ndash;9890
https://dx.doi.org/10.18260/1-2&ndash;12559
https://dx.doi.org/10.18260/p.25944


LONDNER et al.: CC METHOD 219

[57] C. Wallwey, T. Wilson, A. Egyed, O. Vick, and M. Parke, “Exposing first-year engineering students to
research-based technical communication through the use of a nanotech project,” in Proc. Amer. Soc. Eng. Educ.
Virtual Annu. Conf., 2020, pp. 1–13, doi: 10.18260/1-2–34651.

[58] M. Hennink and B. N. Kaiser, “Sample sizes for saturation in qualitative research: A systematic review of
empirical tests,” Social Sci. Med., vol. 292, 2022, Art. no. 114523, doi: 10.1016/j.socscimed.2021.114523.

[59] D. S. Young and E. A. Casey, “An examination of the sufficiency of small qualitative samples,” Social Work Res.,
vol. 43, p. 53–58, 2018.

[60] G. Norman, “Likert scales, levels of measurement and the ‘laws’ of statistics,” Adv. Health Sci. Educ., vol. 15,
no. 5, pp. 625–632, 2010, doi: 10.1007/s10459-010-9222-y.

[61] S. Harpe, “How to analyze Likert and other rating scale data,” Curr. Pharm. Teaching Learn., vol. 7, no. 6,
pp. 836–850, 2015, doi: 10.1016/j.cptl.2015.08.001.

[62] B. Efron, “Bootstrap methods: Another look at the jackknife,” Ann. Statist., vol. 7, no. 1, pp. 1–26, 1979.
[63] C. Li, J. Randi, and J. Sheffield, “An exploratory study of engineering students’ misconceptions about technical

communication,” in Proc. Amer. Soc. Eng. Educ. Annu. Conf. Expo., 2019, pp. 1–21, doi: 10.18260/1-2–32061.
[64] J. Bryer and K. Speerschneider, “Likert: Analysis and visualization likert items,” R package version 1.3.5, 2016.

[Online]. Available: https://CRAN.R-project.org/package=likert
[65] G. M. Sullivan and A. R. Artino, Jr., “Analyzing and interpreting data from likert-type scales,” J. Grad Med. Educ.,

vol. 5, no. 4, pp. 541–542, Dec. 2013, doi: 10.4300/JGME-5-4-18. PMID: 24454995; PMCID: PMC3886444.
[66] D. R. Thomas, “A general inductive approach for analyzing qualitative evaluation data,” Amer. J. Eval., vol. 27,

no. 2, pp. 237–246, Jun. 2006, doi: 10.1177/1098214005283748.
[67] J. Cohen, “Weighted kappa: Nominal scale agreement with provision for scaled disagreement or partial credit,”

Psychol. Bull., vol. 70, no. 4, pp. 213–220, 1968, doi: 10.1037/h0026256.
[68] D. V. Cicchetti and T. Allison, “A new procedure for assessing reliability of scoring EEG sleep recordings,” Amer.

J. EEG Technol., vol. 11, no. 3, pp. 101–110, 1971, doi: 10.1080/00029238.1971.11080840.
[69] D. Meyer, A. Zeileis, and K. Hornik, “vcd: Visualizing categorical data,” R package version 1.4-10, 2022. [Online].

Available: https://CRAN.R-project.org/package=vcd
[70] J. L. Fleiss, Statistical Methods for Rates and Proportions. 2nd ed. New York, NY, USA: Wiley, 1981.
[71] R. Tierney, “Fairness in classroom assessment,” in SAGE Handbook of Research on Classroom Assessment,

J. H. McMillan, Ed. Thousand Oaks, CA, USA: Sage, 2013, pp. 125–144.
[72] J. Tata, “The influence of national culture on the perceived fairness of grading procedures: A comparison of the

United States and China,” J. Psychol., vol. 139, no. 5, pp. 401–412, 2005, doi: 10.3200/JRLP.139.5.401-412.
[73] A. Rasooli, H. Zandi, and C. DeLuca, “Conceptualizing fairness in classroom assessment: Exploring the value of

organizational justice theory,” Assessment Educ., Princ. Policy Pract., vol. 26, no. 5, pp. 584–611, 2019,
doi: 10.1080/0969594X.2019.1593105.

[74] S. Ambrose, M. Bridges, M. DiPietro, M. Lovett, and M. Norman, How Learning Works: Seven Research-Based
Principles for Smart Teaching. Hoboken, NJ, USA: Wiley, 2010.

[75] J. McCrickerd, “Understanding and reducing faculty reluctance to improve teaching,” Coll. Teach., vol. 60, no. 2,
pp. 56–64, 2012, doi: 10.1080/84567555.2011.633287.

[76] Z. Sabagh and A. Saroyan, “Professors’ perceived barriers and incentives for teaching improvement,” Int. Educ.
Res., vol. 2, no. 3, pp. 18–40, 2014, doi: 10.12735/ier.v2i3p18.

[77] X. Zheng and S. Miller, “Is ownership bias bad? the influence of idea goodness and creativity on design
professionals concept selection practices,” J. Mech. Des., vol. 141, no. 2, 2019, Art. no. 021106,
doi: 10.1115/1.4042081.

[78] N. Bergen and R. Labonté, “Everything is perfect, and we have no problems’: Detecting and limiting social
desirability bias in qualitative research,” Qualitative Health Res., vol. 30, no. 5, pp. 783–792, 2019,
doi: 10.1177/1049732319889354.

[79] S. M. Brookhart, How to Give Effective Feedback to Your Students, 2nd ed. Alexandria, VA, USA: ASCD, 2015.
[80] J. Schinske and K. Tanner, “Teaching more by grading less (or differently),” Competency-Based Educ., Life Sci.

Educ., vol. 13, pp. 159–166, Jun. 2014, doi: 10.1187/cbe.cbe-14-03-0054.

Edward Londner received the B.S. degree in Aerospace
Engineering from the University of Florida, Gainesville, FL, USA,
in 2006, and the M.S. degree in Aerospace Engineering from
Purdue University, West Lafayette, IN, USA, in 2009. He was a
Visiting Professor with the Department of Systems Engineering,
United States Military Academy, West Point, NY, USA, between
2018 and 2020. He is a member of the technical staff with MIT
Lincoln Laboratory, Lexington, MA, USA.

Matthew Dabkowski received the B.S. degree in Operations
Research from the United States Military Academy, West Point,
NY, USA, in 1997, and the M.S. degree in Systems Engineering
and the Ph.D. degree in Systems and Industrial Engineering
from the University of Arizona, Tucson, AZ, USA, in 2007 and
2016, respectively. He is an Academy Professor with the
Department of Systems Engineering, United States Military
Academy, currently serving as the Director of the Systems
Engineering Program.

Ian Kloo received the B.B.A. degree in Finance from The College
of William and Mary, Williamsburg, VA, USA, in 2011, and the
M.S. degree in Public Policy and Management – Policy Analytics
from Carnegie Mellon University, Pittsburgh, PA, USA, in 2014.
He is a Data Scientist and an Assistant Professor with the
Department of Systems Engineering, United States Military
Academy, West Point, NY, USA.

J. D. Caddell received the B.S. degree in Systems Management
from the United States Military Academy, West Point, NY, USA,
in 2008, and the SM degree in Systems Design and Management
from the Massachusetts Institute of Technology, Cambridge,
MA, USA, in 2017. He is an Analyst with the United States Army
and former Assistant Professor with the Department of Systems
Engineering, United States Military Academy.

https://dx.doi.org/10.18260/1-2&ndash;34651
https://dx.doi.org/10.1016/j.socscimed.2021.114523
https://dx.doi.org/10.1007/s10459-010-9222-y
https://dx.doi.org/10.1016/j.cptl.2015.08.001
https://dx.doi.org/10.18260/1-2&ndash;32061
https://CRAN.R-project.org/package=likert
https://dx.doi.org/10.4300/JGME-5-4-18
https://dx.doi.org/10.1177/1098214005283748
https://dx.doi.org/10.1037/h0026256
https://dx.doi.org/10.1080/00029238.1971.11080840
https://CRAN.R-project.org/package=vcd
https://dx.doi.org/10.3200/JRLP.139.5.401-412
https://dx.doi.org/10.1080/0969594X.2019.1593105
https://dx.doi.org/10.1080/84567555.2011.633287
https://dx.doi.org/10.12735/ier.v2i3p18
https://dx.doi.org/10.1115/1.4042081
https://dx.doi.org/10.1177/1049732319889354
https://dx.doi.org/10.1187/cbe.cbe-14-03-0054


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


