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Abstract— This paper details the process to inject and
measure the understanding of student’s knowledge and
application of software coding standards. As with most other
educational processes, consistent repetition enforces the learned
concept. This process and techniques to reinforce the use of
coding standards can be applied from freshman through
graduate level embedded software courses.

The process is set up around a living document outlining the
requirements, expectations, and grading methodology. The
standard is based on a compilation of industry standards and
does not follow any particular standard explicitly. The intent is to
educate the student as to “why” the industry uses such standards.

Evaluation of assignments to compliance of the standards,
represent the business practice of code reviews. The measurable
metrics enforces not only correctness of the assignment but
compliance to a standard providing the skeletal framework of
“how” to follow a standard.

To address why the embedded software industry follows these
standards, we engage the student to live the process and
experience the “why”. Providing a course long assignment thread
focuses the student’s exposure to the “why”. Early key
assignments deal with standards and compliance, follow on
assignments promoting code reuse.
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I. INTRODUCTION

Professional software engineers that work within industry
must adhere to coding standards specific to the company, the
specific industry in which they are employed, or to a governing
certification organization demanded by an industry or
government. There arises a need to educate and prepare
students to understand the concept of following standards and
processes utilized within professional settings[1].

Professional software engineers follow many standards,
such as: Department of Defense (DoD) requires all suppliers
follow DoD-STD-2167A [2], the Embedded industry in vehicle
control systems formed the Motor Industry Software
Reliability Association (MISRA) [3]. Service oriented
companies provide suggested best practices for embedded
software and processes [4]. The author’s students were
subjected to a similar concept through enforcement of
standards where applicable, as defined in the author’s
Programming Standards [5] document developed for classes

that develop software as a tool. The Programming Standards
document defines the coding conventions, process, practices,
and grading matrix that students should adhere to when
developing and reviewing code.

The ISO standard for C and CPP programming languages
allows for variations of implementation by the compilers and
not all compilers meet the latest standards. The runtime
behaviors of identical code compiled from various compilers
are different. By teaching students to design code to a certain
standard, the concepts of code reliability, maintainability and
portability are promoted and the student is more ready for a
configuration management oriented business environment.
Implementation of the standard also introduces the student to
the impacts standards can have to software performance
metrics.

One study empirically proved that violating rules of
standards, negatively impact software reliability [6]. This study
used MISRA, an embedded system standard, focused on the
prevention of faults by adopting coding rules as long as there is
enforcement of the rules. This paper leverages the study of why
standards exist and must be followed. This paper leverages the
understanding of compliance of standards by using threaded
assignments and enforcement of the standards. This way the
student lives the process in lieu studying industry processes.

Language specifics are normally referred to as “coding
styles”. Many educational facilities suggest or refer to coding
styles students should follow. The Programming Standards
document is an attempt to introduce coding language styles as
standards the student must follow leveraging a grading matrix
and peer reviews.

Coding standards are an integral part of the business
environment. The author intended to introduce this concept
academically through enforcement and education via the
Programming Standards document. The grader becomes the
enforcer, education is provided through integrated lectures with
properly defined examples using the standards set forth in the
document, and assignments enhanced with the injection of the
business process though “code peer reviews”.

As a senior technical lead in embedded, real-time
simulation systems, and as a professor the objective is to have
the student standout in interviews and be aware of the
expectations the hiring company will require to integrate
within the business. The process surrounding the Programming
Standards document is focused on evolving and improving the



student’s ability to innovate within a set of externally defined
constraints that are aimed to simulate a business environment.

The author tried to cover business practices, standards and
processes without disrupting the course outcomes. The
development and implementation of the Programming
Standards document, the constancy of use throughout all of the
author’s classes, adherence to the standards in lecture and
examples further reinforce the practice of compliance to
standards. Thus preparing the new graduate to standout in
interviews and better prepare them for the industry.

II. PROGRAMMING STANDARDS DOCUMENT

113

Professional software engineers follow “a standard
<which>is a document that provides requirements,
specifications, guidelines or characteristics that can be used
consistently to ensure that materials, products, processes and
services are fit for their purpose" [7]. Depending on the
industry and application there may be various penalties
associated with not adhering to a given standard. Standards
impact Business, Society, and Governmental regulations. The
Programming Standards document is the method by which
students in the author’s classes are introduced to this concept
and is designed around the following pillar: Any coursework or
assignment is expected to be complaint with the Programming
Standards. Penalties for non-compliance are communicated to
the student thus setting clear expectations and responsibility for
the grades earned. The intent is to educate and provide insight
as to the importance of regulatory standards and the
consequences of non-compliance.

The scope of the document describes the basic and
measurable standards that require the student to develop
software using the C or CPP languages. The intent is to have
the student follow and learn basic software engineering
processes. Not all elements in every homework or project
assignment are addressed in this document. The student must
hold to the deliverables provided in the requirements of the
assignment.

If this document is referenced in the assignment, then the
assignment must follow the standards. If there is a conflict
between the assignment deliverable and this document, the
assignment deliverable supersedes the document and the
appropriate standard relevant to the conflict.

Each section provides information on why this is a required
standard with any industry or business inferences. Then the
section is further decomposed to the elements of the standard.

The layout of the documents is the assignment evaluation
process followed by the details of the standards to various
sections of the evaluation process.

A. Section 2: Grading

The first section provides the grading process. The student
is presented the process and actions that will evaluate their
work from submission in EvalTools®, the online assessment
toolset used at Gannon [10] through execution or
demonstration.

The intent of following a coding standard and process is to
get the student familiar with how the software development
industry does business, by following a process and standards.
This will be conveyed to the student is though a strict policy of
grading software submissions.

The term plagiarism in software is hard to distinguish.
However, through the use of this standard specifically in
sections dealing with comments and identifiers, it does become
evident and easier to distinguish between group problem
design sharing (which is learning) and code copying. Plus the
use of exams and peer code reviews will highlight students not
attempting to learn.

1) Grader’s first action should be the student’s last
This subsection describes the major steps and criteria in
evaluating their assignment. This provides a standard process
of not only How the process works but a standard for a grading
assistant.

2) Evaluating the Submission to the Requirements and
Engineering Process

This subsection describes the engineering process
evaluation. After verifying the code compiles and links, the
graders IDE is instrumented to verify the students’ submission
to the requirements of the assignment and standards.

This is a simplified software engineering Waterfall process
traceability: Requirements Analysis (the assignment) to Design
(header comment Scope), from Design to Implementation
(Code) to Verification (developers test plan in header
comment) to Validation (Grader’s test plan).

3) Outside the Assignment Box or Too much Initiative

This subsection describes that adding more than what is
required can promote undesirable software development
behavior. Sometimes professors (and Managers) promote
students and engineers to be enthusiastic and take initiatives.
This is where the two provide additional thoughtful or
insightful work in the assignment. This is great, but not for
promoting process and standards in the classroom. Not only
does it make the assignment evaluation more difficult to grade,
but it could induce errors because the material was not covered
or covered completely. In the business world, providing more
than what is required sometimes shows the manager insightful
vision, but it also wastes the time and effort for compensation
where the effort could be applied to other challenges the
manager needs completed.

4) Hail Mary

This subsection describes to the student the last ditch
submission approach and consequences. Some students do not
do their own work and many times they submit in-class
examples (even last year’s homework or someone else who is
not in the class) in hopes that the code is just graded and not
really reviewed. This is a case for aggressive grading, by
submitting the author’s or trying to snowball the grader.

5) Run-Time Errors/Traps/Exceptions

The final subsection deals with the implementation
evaluation and requirements assessment process. During the
execution phase of the grading process the grader has a
validation test plan and monitors for expected results. Results



that yield wrong answers are normally logic errors related to
the requirements. Sometimes assignments require exception
handling; however, this section addresses unexpected
execution exceptions.

Traps and unwarranted exceptions indicate that the student
did not execute the code or follow any test plan. An exception
is an interrupt which is unrelated to the student’s program. This
can be recoverable at times and are considered resume-able
exceptions: floating point errors, stack abuse, mathematical
errors, memory violations, etc. The term trap is used
interchangeably with exceptions.

However, the student’s assignment does not execute
because the debugger caught the exception or the system
crashed (stopped executing). Both mean that the code is broke
and not tested completely by the student.

B. Section 3: Submission

This section is standard is for what files are to be uploaded
to EvalTools® for homework and project submissions. The
filename constructs which provide a homogenous look when
grading. Deviations in the submission process induce
additional time to setup the compiling and linking. This section
describes the single, multiple file submission process, and team
submissions.

Industry file naming conventions standard such as ISO
9660 are specific to a media or function. Most industry and
certification standards do not define file naming conventions.
Internal business standards focus on their product
maintainability of large projects and do have file-naming
conventions

C. Section 4: Source code format

This section provides an overall layout of the code. The
reasoning for a format standard is during the internal business
process, code reviews require side-by-side code comparisons.
Adhering to a format standard, comparisons can be easily
performed. Academically, this also provide less distractions to
the grader when all of the source code submissions are
formatted the same, evaluation of key requirements can be
identified more easily. There are five major features to the
source  file:  Header = Comment field, = Compiler
Directives/Preprocessor Fields, Global Identifier Field, Code
field, and inline Code comment standards.

D. Section 5: Comment Standards

This section provides the heart of the software design
process and life-cycle as a measureable metric. The
requirement analysis to design is captured in the header
comment field as does the notion of configuration management
and verification test plan. This section also provides the code
layout style a standard for readability, understandability, and
maintainability. To assess the student’s knowledge of
requirements analysis though design the use and correctness of
comments are key. This dovetails to industry best practices and
is a standard in most internal business. Code reviews are used
as internal business process to enforce maintainability and
conformance.

There are tools used to capture modified code and
references which promote doing this activity automatically
[12]. These tools are used when multiple engineers change
large amount of codes for a release for code reviews. Other
uses for differencing tools are when proto-type code is use for
exploratory or analysis for control systems. However, it is the
intent of the author to teach the behavior of designed change.

File name <Hwl.c»
<Your name goes here, with the class section>

This.ts. the dssignment name.and the.

Programming assignment 3 explores linear interpolation andadd the class sectionID

This program generates s random temperature in centigrade
Converts C to F and provides the appropriate value from a
Fahrenheit to PSI look-up table

The assignment Title and description
What the program, s supposedio do

Scope

Generate a random value for degrees Celsius
Between 18 and 26.667 (50 and 80 deg F)
Convert Celsius to Fahrenheit using equation

Check upper and lower table bound:
If out of bou aboves
If out of bounds <belows
Else search by index
If no exact match, convert temperature to pressure using a

Lookup table w/linear interpolation

Scope: Describes How theprogram is
suppased!o do ths What, Normally

gainst degrees Fahrenl grrative pseudo code
n mox psi
n min psi

Scope Change
None Scope Change: Captures changes to the assignment after
the initial posting, by the Professor. What was the change,
History: andadd Datz whennotifted of the change. This is partof
Initial Release Change Management
added random float function ETTENMINET TSI eT

History: When we reuse code and augment
it fo amew assignment, we iraclk the what,
who andwhen this source codewas
changed When working as a team, track
who made the last change. This too is
Change andla little Configuration
Management

Test Plan
Test Algorithm
1. Set breakpoint at CtoF algorithm, set dfahr-147.0
Verify dCalsius = 63.88
2. set breakpoint after Interpolate
- 0.2978

Verify ypsL

Expected Result
vDC

Test Plan: How to explainthe process in
whichwas used to Validate the Code to the
Requirements, to each Requirement. This
promoies regression lesting when changes
‘were mage. This is a cause and gffect
method, which sometimes requires an IDE
1o axecutethe Plan

1. 91
2. 1.4570.174.23 79.62 ©.4928
3. 1.1843 80 26.61..8.1217
4. 4.8968 1488 76,0 3094,3
5.  2.3838..314.79 265.2 41.688
6. NULL exit loop

Figure 1: Example of Header Comment Field

The header comment field is the most important comment
area of any assignment shown in Figure 1 [5]. It replaces the
need for additional reports. It includes the purpose, design,
revision and test plans in which the code was developed.
However, if the code does not match the design in the header
field, the grader is to assume the software process was not
followed or some or all of the code/design was lifted from
another source. The header comment field must contain the
following:

Each source code function() requires comment field and the
format it follows is similar to standards the author followed in
current and previous occupations. These comments that
describe the intent of the function(), the arguments in to the
function and the return values developed. Examples of
expected format and features are included in the standards
document. The same grading criteria are followed for the
function as for the header comment.

Finally inline comments are addressed as to function and
style. These are normally specific to the source code language
and are more subjective to evaluation. As a standard internal to
the business, this promotes intent of the implementation to the
requirement. And during the code review, knowledge transfer
to the rest of the team.

E. Section 6: Identifier Naming Standards

This section provides the reasons and format of identifier
notation. The standard defines how all identifiers (variables,
constants, functions), macros and complex/user defined data
types shall be notated. There are a few standards used in the
industry as standard naming of identifiers: Positional Notation,



Composite  Schema, Notation, CamelCase,

Multiple-Word, etc.

Hungarian

The identifier standard defined in the Programming
Standards document is a variation of CamelCase notation.
CamelCase is composed of a number of words(symbolic
qualifiers) without white spacing where each word’s initial
letter is capitalized. CamelCase is a naming convention
suggested by Sun Microsystems, Java communities, and other
object oriented communities.

The variation is focused on value identifiers in which the
compiler and linker defined as memory based values and
function identifiers.

e  Value Identifier : (symbolicQualifier(Units)(_state)
e  Function Identifier : (SymbolicQualifier())

Examples and suggested Units and _state conventions are
listed in the appendices of the standards document.

F. Sections 7 and 8:

These sections provide the reasons and format of indents,
scoping alignment, and white spacing which focus on the
readability of the student’s source code. During peer reviews if
these standards are not met, the meeting is terminated until the
presenter has followed the basic internal business standards.
This is analogous to the process and formatting rules of this
paper’s acceptance to FIE.

G. Sections 9 through 13:

These sections focus on the coding style and best practices
which are considered standards. The use of numeric constants,
casting, identifier declarations, use-case of parentheses, and
execution path constructs “dangling else” are subject to the
internal business standards. For student evaluation they are
considered poor practices[4] and are to be avoided. These
sections will expand as this pedagogical process continues.
During peer reviews if these standards are not met, the meeting
is terminated until the presenter has followed the basic internal
business standards.

H. Section 14: Professional Relevancy

In the introduction of the standards document the reasons
are defined for the inclusion of standards and business
practices to the ECE courses the author teaches. However, the
professionalisms between software engineers and their peers
are not normally recorded in standards. Some are defined in
‘coding styles” or “best practices” or in some cases assumed
standards. Senior leads enforce these types of inherent
standards during formal and informal (peer) code reviews. The
undocumented or lightly documented standards are subjective
standards and they define the attitude, professional, and
character of the team.

In this section, various “styles and best practices” are
addressed. To remove the subjective nature, these styles will be
defined and become a measured outcome of Professional
Relevancy to the student, when appropriate. To summarize this
section, one could call this the “Sloppy Metric”, the riddance
of hackers, code writers (not software developers), arrogant

developers, lazy software developers, just in time submission
students, or just plain sloppy work. The subsections are listed
below:

e Irrelevant Code aka Dead Code
e  Unreachable Code

e Debug Code and Comments

e Irrelevant Comments

e Readability

1. Section 15: Business Practices: Reviews

Many standards and practices are employed throughout all
industries and disciplines, but software follows some basic
concepts. Code reviews are sometimes referred to Peer
Reviews basically provide formal and informal processes to
make sure the software development is following standards set
forth by the business, certification agency, and/or industry.
These reviews could be informal between developers or
extremely formal technical reviews with senior and principle
engineers. This section describes; definition of a code review,
why they are important, and the goals [10].

III. INJECTION: TRAINING THE STUDENT

Two approaches were applied during the semester. The
challenge was how to train freshmen and how to train rising
seniors and graduates. The two courses being evaluated were
ECEl11 Introduction to C Programming registered with
second semester freshmen and ECE347/GECES547 Embedded
System Design, a cross-listed course between rising seniors
and graduate students.

The approach for the freshmen was to introduce the
standards as an integrated part of the course material and
provide a consistent repetition of the standards through each
topic. For example, when discussing “C data types” the section
on identifier naming notation was covered. The assignment
evaluation included proper naming conventions as per the
standard. As each new course topic was started, there was
discussion and references to the Programming Standards
document. The evaluation was based on the following the
standard of naming convention, not the correctness. Proper and
relevant naming would be measured in the Key Assignments

[11].

This approach of using Key Assignments, regressively
trained the student through the course. This was a thread of
assignments, where the beginning of the thread started with
data typing and an algorithm. As new topics were added to
subsequent Key Assignments, the student had to reuse their
previously graded assignment. This promoted the
understanding of code reuse, enforced many of the standards
being followed such as readability, proper naming convention,
and valid commenting practices.

On one assignment in this thread, the author anonymously
swapped student’s code. The more advanced students got the
lesser advanced students and visa versa. This approach was to
get the lesser advanced students a view of good practices and
to enhance that code for new requirements. The more advanced



students had to correct or replace code. All code replaced or
enhanced was to be commented out with a documented reason.
The students had the opportunity learn and observe why
businesses follow standards through this exercise.

This threaded assignment process also prepared the student
to understand design for maintainability and introduced to
configuration management. This thread ended with data
structures and message mapping. Where that last assignment
had a complete snap-shot of the semester.

For the other sections in the ECE347/GECES547 the
students have had all of the basic programming classes. This
means the injection cannot dovetail with the lectures and
topics. The approach was if the students were newly hired
engineers and they need to implement the standards
immediately. This was not an unreasonable approach; it is that
same injection they would face as if entering the business
environment. A lecture was introduced on the standards and
the scoring matrix. The first assignment grading cycle was
harsh and by the book. The following lecture after grading, the
author performed a code review on one of the student’s
homework submission using the peer review rubric the author
developed. The rubric will be discussed in the next section.
This approach demonstrated to the student the relevance of the
standards and the author was able to articulate the reasoning of
each criterion. This approach was slightly obtrusive to the
lecture series and the extra time required was made up on a few
longer class periods.

IV. ASSESSING THE STUDENT

There are two major assessments to address. One is the
evaluation meeting the requirements of the assignment and the
correctness by evaluating compliance to the coding standards.
This emulates the standards in the industry or internal business
practices. The other is the evaluation of process and
understanding of the standards. This emulates the code review
process, a process found in most industry standards for
software development.

Each class and every Key Assignment requiring code
development or enhancement had a requirement to follow the
Programming Standards document. This requirement of the
assignment informs the student that their deliverable(s) will be
evaluated for not only providing the right answers of the
assignment, but for correctness of the process. By integrating
the standards in to the established Key Assignments as a
deliverable, the student is scored to the penalty matrix.

A penalty scoring matrix shown in Figure 2 [5], is also
included in the Programming Standards document, identifies
the assessment criteria in the Key Assignments. The scoring
matrix represents the max penalty score for each associated
reference. The matrix provides an upper level objective score
for the grader. For the student it provides a snapshot or
checklist to make sure not only is the code right, but that the
code is also correct and process has been followed to a
standard. For reference, a standard Key Assignment has a
forty-point possibility.

Section ' ' ' ' Auto

Reference | Standard's Scoring Penalties 1 Minus 1 | Minus3 } Minus5 | Minus 10 | Score

£ Submission ] ] ...
i

Late Submission to EvalTools®

No Submissionto FvalTools®
Fails Compilation / Linking

i Fails Reguirem

_ | Header Comment

White Space & Alignment ea. Max=5
Scope Control

Dangling Else

= Professional Relevancy ] ! i X

Figure 2: Penalty Scoring Matrix

Each course has an outcome that addresses the understanding
of software practices using industry standards and review
process. Depending on the course level, the course outcomes
may differ in wording to meet the author’s department Bloom
taxonomy on course outcomes [11].

From the industry or business process, a code review is a
systematic examination of computer source code. It is intended
verify the design of the code meets the requirements, to find
and fix mistakes overlooked in the initial development phase,
improving overall quality and maintainability of the software,
and help in the skills development and knowledge domain of
the product by the team.

Academically, instead of performing code reviews or using
various best practice or standard checklists, the students
evaluate known code. This process is evaluating the student to
a process: assessing the assessor. The code has already been
evaluated by the instructor using a rubric from Figure 3. The
students use the same rubric to evaluate the code. This rubric
was setup to emulate basic common code review criteria with a
twist. The rubric is tightly coupled to the Programming
Standards document and is a guide to understand the principles
of the standards. The criterion of the rubric follows the seven
logical sections of the standard. Each descriptor of the rubric is
the expected level of compliance to the standard with
references to the appropriate sections in the standard.

The difference between the scoring matrix and the rubric,
the matrix is used to verify correctness to the given assignment,
the rubric to verify the compliance and completeness to the
standards.

Each rubric criterion has an EAMU [11] performance
vector which classifies student learning performance into four
categories: Excellent (E), Adequate (A), Minimal (M), and
Unsatisfactory (U). The rubric also provides a business
performance mapping to EAMU: E: Compliant to
Standards/Practice (9-points), A: Meets Intent: Code may
require change(6-points), M: Inconsistent: Requires rework (3-
points), and U: Incompliant: Requires retraining (1-point).



Mame:

Student Id:

Classit! Section:

Femesten! Y ear

Criteria E: Compliant to Standards{Prad A: Meets Intent: Code map requird M: Inconsistest: Requires rewd U- Incompliant: Requires retrais Score
Submiczion Process | The Submizsion of the code meetz all | The Submizsion of the code meets The Submiszion of the code meets at | The Submizzion of the code did not
of Fection 5 of the coding standard Fections 311, 3.1.2, and 315 of the least Sections 511 and 3.1.2 of the meek Sections 300 or 5.1.2 of the
where applicable. coding standard and miszed zection 3.2.1. | coding standard. coding standard.
Comments [ The code meekz khe Content and The code meckz most of Content and The code less tham $0E Content | Thers iz only 3 kbrace [lesz than 10%] or
Docamentation Farmat of Section 5.1, 5.2, and 5.5, Format of Section 5.1, 5.2, and 5.5, wWhere | or Format of Section 5.1, 5.2, and 5.3, no attempt ko mect Section 5.1, 5.2, and
“where 5.3 deseribes mast logic paths | 5.3 dezcribes most zome logic paths and | Where 5.5 iz mon-existent. Us: 5.3 Where 5.3 has anly krace or no
and code style zections. Use Appendix | zome code style sections, Usze Appendiz | Appendiz B and C for reference to confarmance.
E and C For reference to format and B and © For reference to format and farmat and content of section 5.1 and
conkent of seckion 3.1 and 5.2 conbent of section 5.1and 5.2 5.2
Haming Hotations All ¥alue and Function |dentifiers All ¥alue and Function Identifiers Notation | Maest %aluc and Function ldentifiers | Mo nameing convention is followed or
Motation Follaw Section 6.1 Camel follow Zection 6.1 Camel Caze Motation Fallow Section 6.1 Camel the wrang one iz followed. Usage of
Caze conventions. Examples are in 61| conventions. Examples are in 6.1 and Caze conventions. Mot identifiers | zingle characker identificrs iz common
and Appendices D and E. All [dentifierz| Appendices O and E. Mot identifiers hawe relevant names ko the and are mot commented
have relevant names to the have relevant names bo the Requirementz | Requirements or Uzage. Uzage of
Requirementz or Uzage. Eingle letter | or Uszage, Some single letter identifierz | zingle character identifiers iz commen
Identifiers are prohibited. ars defined. and are commented
Code Style Code style iz very dependent on the The code style mizses the lesser or lower | The code style misses the leszer or The code style violates standards in
cods language. However. basic impact standards in Section § and 12 or | lower impact skandards in Section &, | Seckion 5 3, 11,12 and 13,
standards must be met. Fections § thre | meets 75% of Sections & thru 13, 3,12 or mects 50% of Zections 5 thru
13 pertain to skrict adherence bo 13
coding independence of the language.
The code must meet each standard.
Compilation and First action to grading iz compilation | The Code iz not in 2 compile-able textual | Code compiles but does not link. Thiz [ Code does not compile due ko syntax
and linking. Zection 2,11 must pazs per | farmat but can be, if simply changed by could be the result of non-submitted | errors,
the zubmitted code. the grader bo 2 known language construck, | zupport files or wrong header
In other words, the submizsion iz not inan | declarakions, sk,
approved file extenzion, Saction
2.1.2. For example: odac or bt files, by
removing the cover page and changing the
file extenzion notation the submizsion
Execution ! Run Code standard 2.5 run-time errors, IDE ! system level warnings occur during | Floating point exceptions may oceur, | Exceptions other than FPE. occur due
traps, of unexpecked exceprions the execution of the code. These which terminate the code’s execution. | to inadequate o no testing at all.
cammot occur during the evaluation conditionz do nat terminate the code Thiz may be cauzed by the student not
run of the executable code. execution. Thiz could indicate that the performing a properly designed test
student may have uzed 3 different IDE plan. The grader iz fallowing 2
werzion of applicd more conzervative designed test plan to expose
opkions to the IDE projeck preferances. requirements conformance and cods
design knewledge domain. This is
inadequats kest plan design or rush ta
submission of assignment.
Mecting Correct[process met and right Right Answer [all of the test plan Muostly Right Answers [most of | SomedNo Right Answers [some or
Requirements answers). Each Requirement is met in - | passes), most of the design is the test plan passes), most of the mome of the test plan passes),
the design documentation [scope field | correct{zcope field of header design iz correct(scope field of SomelNone of the design is
of header comment] and applied [code | comment mects most of the header comment mests most of the | correct(zcope field of header
lagic) mests the grader's test plan. requirementz): The code execution mests | requirements): The code execution COMMent Mmests SomMe oF Rome of the
all of the grader's test plan [the expected | mects mosk the grader’s test plan requirements]: The code execution
anzywers] and most requirements are [the expected answers] and most of | mecks some or none the grader's
captured in the dezign documentation the requirements are capkured inthe | test plan (the expecked answers)
[scope Field of header comment). design documentation [scope ficld of | and some or none of
The code execution [code logic) iz header comment). The code execution | the requirements are captured in the
inconsistent to the design documentation, | (code logic) amd the design design documentation [scope field of
documentation meet most of the header comment]. The code execution
requirements. [eode logic) amd the design
Profeszional Profeszional Relevancy: Section Zection 14: Mo dead code, no unreachable | Section 14: Mo dead code IF the zource cade cannot meek the B:
Relevancy 14: meazures the zoft zkillz alzo known | code, no debug codelcomments, amd noirreleyant comments and Inconsistent metric.
as the skyles and best practices not noirrelevant commentz, and Fails to Fails to mect amy of the readability
normally documented as an industry mect amyp of the readability Zeckions 4, T, | Sections 4,7, and &,
standard, yet emploved throughouk az | and &,
professional software developers,
Mo dead code, ne unreachable code, Debug code and comments remain. The student cannot articulate Few if not
no debug codefcomments, Proof that the code might be owned | any portions of the code, This puts the
no irrelevant comments, amd the by the studentddeveloper code under suzpect of plagiarism.
source code meets all readability
Figure 3: Peer Review Rubric
For compliance to the standards, the goal was for all

V. LESSONS LEARNED AND CONCLUSION

This injection of business coding standards and practices
was applied to all software-oriented classes the author taught
during a semester. Each class had some form of a consistent
repetition to help enforce the concepts of following standards.
The courses exposed to this process were: ECEIl11
Introduction to C Programming (six domestic and fifteen
international ~ freshman students) and ECE347 (one
international and five domestic rising seniors) an
undergraduate cross-listed course with GECE547 graduate
level Embedded Systems Design (all international).

students to be 100% compliant (9-point avg.) by the end of the
semester. Figure 4, shows that ECE111 average rubric scores
improved through the semester and it shows where work is
needed.

An observation could be inferred that the concepts of
thoughtful and reasonable commenting, capturing of test plans,
designing to requirements, and proper naming conventions
were split along nationalities. The author needs to address this
earlier and possibly add additional insight to assist international
students.



ECE111 - Key Assignment Avg HwS Hw7 Hw9 Hw10
Criteria

Submission Process 3.7 3.7 6.7 7.2
Comments / Documentation 2.2 2.6 3.2 5.5
Naming Notations 2.1 2.1 4.3 5.1
Code Style 3.9 4.9 6.7 7.6
Compilation and Linking 6.0 8.3 8.3 9.0
Execution f/ Runtime 473 9.0 9.0 Q.0
Meeting Requirements 3.1 3.1 6.3 7.2
Professional Relevancy 4.5 4.7 5.9 8.4

Figure 4: ECE111 Rubric Avg

The three sections in the ECE347/GECES547 course faired a
little more differently in compliance evaluation. This was the
first software related course with the author, for the graduate
students in two sections for GECE547, and all of them were
international. Figure 5, shows an unusual reluctance to
Professional Relevancy, Meeting Requirements, and Naming
Conventions. Additional time and a special lecture were
provided to them before Hw5. Hw5 and the Project were
multiple team assignments. These teams were made up of two
smaller teams of two students each. These larger teams had
fewer deliverables of code per student, so the sample size to
evaluate compliance became smaller. The jump in scores from
Hw5 and the Project was due to another lecture of team
formation based on various business techniques experienced by
the author. The main team ingredient for the Project
assignment was a creation of a software quality and
compliance role a student assumed. That student sole
responsibility was the validation test plan and making sure the
code was compliant. That lecture will be given again on all
team building assignments for all software-oriented courses by
the author.

GECES547 - Key Assignment Avg Hw2 Hw3 Hw5 Project

Criteria

Submission Process 2.4 4.7 8.4 9.0
Comments / Documentation 4.6 6.0 6.0 8.6
Naming Notations 2.1 21 4.3 9.0
Code Style 3.9 4.9 6.7 8.6
Compilation and Linking 6.0 8.3 8.3 9.0
Execution / Runtime 43 9.0 9.0 9.0
Meeting Requirements 3.1 3.1 6.3 8.6
Professional Relevancy 45 4.7 5.9 9.0

Figure 5: GECE547 Rubric Avg

The section in the ECE347 their overall scoring and
compliance evaluations referenced in Figure 6, appear to be
very inconsistent with the students in ECEl111 and the
graduates in GECE547. These students have had the author in
numerous software-oriented courses. Many of the standards
and processes were introduced in prior courses, except for
Professional Relevancy, Code Style, and the Programming
Standards document. They quickly understood the author’s
requirements and demonstrated the implementation in the next

assignment. This indicates that consistent repetition helped
enforce the concepts of following standards.

ECE347 - Key Assignment Avg Hw2 Hw3 Hw5 Project

Criteria

Submission Process 8.4 Q.0 9.0 9.0
Comments / Documentation 7.0 2.0 8.0 9.0
Naming Notations 6.5 2.0 9.0 9.0
Code Style 3.9 4.9 6.7 8.6
Compilation and Linking a.0 9.0 9.0 9.0
Execution / Runtime 9.0 Q9.0 9.0 9.0
Meeting Requirements 6.0 6.0 6.0 9.0
Professional Relevancy 3.0 3.0 9.0 9.0

Figure 6: ECE347 Rubric Avg

Once exposed to a standard and enforced compliance the
student understands the fundamental concepts consistent in
most industry standards. A colleague was concerned that the
students would get use to one standard and it may be hard to
start using a different standard in the industry. That was a good
observation, understanding that there are many standards in the
industry and by understanding the concepts, the student would
experience common concepts with different applications. How
to educate where variation between standards is another
challenge. One possible approach is to vary the standard
between class threads or semesters. The author will take this
challenge bearing in mind that these standards are learned
through application, not additional lectures.

Wernher Von Braun was attributed to the quote: “One test
result is worth one thousand expert opinions.” The author
received his “One test result” as an email from one of the
students in ECE111.

113

.. The interview was held at FMC Technologies in Erie, PA. There were
two Software Engineers and a Head of Engineering Department.

Q: What do you in your C Programming Class?
I answered:

- First of all, our teacher says it's not only a programming language course
where students learn about the syntax and how to write a code, but also it's a
designing course where students learn how to implement a good algorithm. I
agree with him because from the beginning of the semester, we started from a
simple task where we need to work on data and bound. As we moved forward,
we developed our initial code into next level. By meaning, that every time
when we learned a new topic, we did not leave our previous work there and
started work on something different. Now at the end of semester, we have are
working on a code which has included every topic that we covered.

Our teacher tries hard to teach us business world Coding Standard . When
we receive a task to work on, we were told to follow the Coding standards. So
we could experience the business world standard from the beginning and well
prepared when we graduate from college. On the other hand, by following the
Coding Standard, we can learn how to write a code, which is readable and
reusable in the industry. The taught us how improve coding by doing peer
review as well as following the standards when developed our previous code
into next level.

The Software Engineers and Head of Engineers were impressed by that 1
have experienced with Coding Standards in the C Programming course.
1 think they really impressed by the fact that I have been told to learn and
follow the Coding Standard in Freshman level in the college. One of the
Software Engineers said it would be easier or simpler for them to work with
and train me if I already had some experience of Coding Standard.

As a result of the interview, I accepted to do Software Engineer internship in
the FMC Technologies. I am positive that the fact, which I have some working



experience in the class with Coding Standard, influenced them to make a final
decision.

The Author takes the result that this pedagogical method

can work and has merit to take our students to the next level,
standing out in interviews and being more employable.

[11]

[12]
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