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Course Description

Clear, precise, and well-structured technical writing is essential to the engineering
profession. Whether preparing design reports, calculation packages, specifications,
or project correspondence, engineers must communicate in ways that support
sound decision-making, reduce risk, and withstand contractual, regulatory, and
legal scrutiny.

This course provides engineers with a practical, standards-based framework for
planning, drafting, and reviewing technical documents that meet professional and
industry expectations.

Participants will learn how to match style and structure to their audience, purpose,
and context; apply accepted conventions for units, symbols, and terminology;
integrate figures and tables as evidence; and produce deliverables that are both
readable and defensible. The course blends foundational communication principles
with real-world engineering applications, using examples drawn from multiple
disciplines to illustrate best practices.

At the end of this course, engineers will have the tools to streamline their writing
process, strengthen document quality, and improve collaboration across technical
and non-technical stakeholders.

Learning Objectives
Upon successful completion of this course, participants will be able to:

¢ |dentify the essential qualities of effective engineering documents, including
clarity, precision, fraceability, and defensibility.

¢ Plan documents using audience, purpose, and context analysis to determine
appropriate structure and content.

e Apply standardized conventions for units, symbols, and equations in
compliance with U.S. engineering practice.

¢ Design and integrate tables, figures, and data narratives to support analytical
conclusions.

e Draft core engineering deliverables (including technical memoranda,
calculation packages, and design reports) using consistent templates and
style rules.

e Execute effective reviews at substantive, copy, and proof levels, including
collaborative workflows and version conftrol.

e Address ethical, risk, accessibility, and legal considerations in engineering
documentation.

Intended Audience

This course is for licensed engineers, engineers-in-training, and technical
professionals across civil, structural, mechanical, electrical, environmental, and
systems disciplines who prepare or review technical documents. It is equally relevant
to those in consulting, design-build, manufacturing, utilities, and public-sector roles
where clear, defensible written communication is essential to project success.
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Chapter 1: Foundations of Technical Communication for
Engineers

Engineering decisions are made on paper before they are made in steel, concrete,
code, or silicon. Clear writing converts measurements, models, and judgments into
defensible decisions that survive peer review, contract administration, and public
scrutiny.

For practicing engineers in the United States, “effective” writing has three
indispensable properties: it is fit for purpose (it helps someone decide or act),
traceable (assumptions and sources are recoverable), and defensible (another
competent engineer could reach the same conclusion from the record).

These properties are not merely stylistic preferences; they are risk-controls that
reduce change orders, claims, and rework. U.S. public-facing work further operates
under plain-language expectations set by law and policy, which, even when not
mandatory for private practice, have become a widely accepted benchmark for
clarity (U.S. Congress, 2010; PLAIN, 2011).

Purpose, audience, and context of use

The same technical content must be written differently for different readers and
use-cases. A procurement officer needs verifiable requirements; a design reviewer
needs assumptions, load paths, and code checks; a field superintendent needs
unambiguous steps and tolerances.

Before drafting, define: the decision the document must enable, the acceptance
criteria for “good enough,” the constraints (budget, schedule, page count,
disclosure limits), and the reading pathway (what must be understood on first skim
versus on a deep read).



Federal plain-language guidance operationalizes this planning step:
e Define the readers,

State the main point up front,

Chunk information with informative headings,

Write short sentences with concrete verbs, and

Prefer terms the audience uses (PLAIN, 2011).

Traceability and Defensibility as Engineering Quality Attributes
Traceability links conclusions to data, methods, standards, and calculations.

Defensibility requires that your document shows:
¢ The problem statement,

Governing criteria,

Inputs (including units and tolerances),

Methods/tools,

Results, sensitivity/uncertainty, and

A conclusion tied to requirements.

In U.S. practice, unit and symbol discipline is part of defensibility: follow the
International System of Units (SI) as interpreted for the United States by NIST, use
correct symbols (e.g., "mm” not "millimeters” in scientific style), and present
quantities unambiguously (NIST, 2019). Editorial style manuals supplement this
discipline by standardizing abbreviations, capitalization, and numerals, improving
consistency across teams (IEEE, n.d.; GPO, 2023).

The Engineering Writing Process: From Scope to Publication
Treat writing as an engineering process with defined inputs, outputs, and controls.

1. Start with a one-page design brief for the document (audience, decision,
scope, deliverables, due dates).

2. Draft an outline that mirrors the desired reading pathway (executive summary
first; evidence later).

3. lterate at three “levels of edit”: a substantive pass for structure and argument,
a copy-editing pass for clarity/consistency, and a proofing pass for
correctness.

This tiered approach descends from the “Levels of Edit” framework originally
developed for technical organizations; tailored fo modern teams, it remains an
efficient way to control quality (Van Buren & Buehler, 1976; 1980). ([NASA Technical
Reports Server][7])

Clarity Without Loss of Rigor

Engineers sometimes equate dense prose with seriousness. In practice, dense prose
obscures risk and slows decisions. Plain-language techniques (clear subjects and
active verbs, logical sequencing, parallel structure in lists and headings, and
reduced nominalizations) accelerate comprehension while preserving precision.

Where passive voice is useful (e.g., to de-emphasize the actor in requirement
statements or to align with test-report conventions), use it deliberately, not by habit
(PLAIN, 2011).



Numerals, symbols, and abbreviations should follow a consistent editorial standard
appropriate to the venue; IEEE guidance is a common reference point for
capitalization of units and technical terms in engineering contexts (IEEE, n.d.).

Numbers, Units, Symbols, and Equations in U.S. Practice
Adopt one numeric style and stick to it across the project.

For scientific/engineering documents, prefer the scientific style:
¢ Digits with Sl symbols (e.g., 8 kHz),
¢ Non-breaking spaces between number and unit,
e Leading zero before decimals, and
e No plural “s” on symbols.

Combine Sl with U.S. customary units only where contractually required; if dual units
are used, state the rule and order (primary/secondary) at the outset (NIST, 2019).
Where journal or society styles apply (e.g., IEEE/ASCE/ASME submissions), follow their
specific rules for numerals and expressions to match reader expectations (IEEE, n.d.;
ASCE, 2025; ASME, 2020).

Visual Communication as Evidence, Not Decoration

Tables and figures are part of the argument. Each should answer a question the text
raises, use titles that state the takeaway, and be intelligible without the body text.
Federal and W3C accessibility guidance adds constraints that improve engineering
clarity: sufficient contrast, color not as the only encoder of meaning, readable fonfs,
and alternative text for images. These practices are increasingly expected on public
projects and are good practice elsewhere (W3C, 2023; Section 508, 2017-2018).

Ethics, Recordkeeping, and Public Accountability

Technical documents may become part of public records, discovery, or regulatory
files. Write with the expectation that a non-specialist decision-maker, and, possibly,
the public, will read the executive summary and conclusions. Avoid overstating
certainty; disclose assumptions and limitations; and ensure that figures and tables
cannot be misread. U.S. government style and plain-language resources, while not
binding on private practice, provide durable benchmarks for public-facing clarity
(U.S. Congress, 2010; GPO, 2023; PLAIN, 2011).

Table 1 below shows how document architecture should be tailored to its decision
purpose, reinforcing traceability and defensibility.

The typical writing process illustrated in Figure 1 is a structured methodology where
the writing process is reviewed and assessed before moving to the next step (Van
Buren & Buehler, 1976; 1980; PLAIN, 2011).



Table 1. Typical engineering document types, the decisions they support, and the
minimum evidence required.

deviations

Document Primary Minimum evidence to make
. . . . Notes on style & standards
type decision/use decision traceable
. Proceed/hold on Problem ;Tofement; goyernl'ng Use informative headings;
Technical . codes/criteria; assumptions; : .
a defined scope . ) . . executive summary first
memorandum | . method; results; conclusion with
item o (PLAIN, 2011).
acceptance criteria
Inputs with units; references; . ) )
. . S ) Use SI consistently; define
Calculation Approve design calculations; checks; . . .
. N dual-unit rules if required
package values uncertainty/sensitivity; sign/seal
. (NIST, 2019).
as required
Performance/function Use controlled verbs
Specification Procure to requirements; verification (“shall,” *should”) and
section requirements methods; acceptance criteria; | unambiguous measures;
reference standards follow house style.
Test objectives; methods; Write procedures in
Test Verify/validate insfrumentation; acceptance . P .
o . imperative mood; use
plan/report performance criteria; raw/processed results;

passive voice strategically.

Design report
(interim/final)

Endorse design
basis and results

Context; alternatives; criteriq;
analysis; risks; cost/time
impacts; recommendation

Align figure/table
accessibility with WCAG 2.2
(W3C, 2023).

Scope

the audience and decision

|

Draft

a one-page document design brief

Build

an outline with informative headings

|

Write

to headings with evidence captured as you go

|

Review

at three levels (structure, copy, proof)

graphics, captions, units, and references

Finalize

|

Publish & Archive

with metadata for traceability

© MondoScience

Figure 1. A practical process for engineering writing and review.

Table 2 distinguishes three practical passes (substantive, copy, proof) so teams don’t
mix structural edits with surface fixes.




Table 2. “Levels of edit” adapted for engineering teams.

Level Purpose Typical checks Output
. . o Reorganized sections;
. Ensure purpose, Audience/decision clarlfy', strengthened argument;
Substantive logic. and scope completeness of assumptions, clear executive summa
(structure) gic, P criteria, and methods; heading Y

fit the decision (Van Buren & Buehler,

hierarchy; evidence flow

1976).
Improve Sentence clarity; parallelism; Clean, concise prose;
Copy (clarity & | readability and term consistency; units/symbols consistent units and
consistency) standards per NIST; numerals/style per terminology (NIST, 2019;
conformance IEEE/house style IEEE, n.d.).

Proof

(correctness)

Typos; pagination;
cross-references; figure/table
numbering; alt text; accessibility
checks per WCAG/508

Eliminate surface
errors and
finalize artifacts

Publication-ready
document (W3C, 2023;
Section 508, 2017-2018).

Practical techniques that can be applied immediately:

Begin each document with an “outcome sentence” that states the decision
or action the reader should take. Use headings as micro-summaries that carry
the argument forward.

Write captions that state the takeaway (“*what the figure proves”), not just
what it depicts.

Capture sources as you write, in Harvard author-date format, so traceability is
preserved.

Standardize units and editorial rules at the project kickoff (e.g., Sl primary; IEEE
capitalization; GPO preferences where applicable).

For public deliverables, build accessibility checks into the proofing pass to
avoid last-minute rework (NIST, 2019; IEEE, n.d.; GPO, 2023; W3C, 2023).

Conclusion

Effective technical writing in engineering is not an art reserved for gifted authors; it is
a conftrolled process that fransforms analyses into decisions. The foundations are
straightforward: define the audience and decision; design the document’s structure;
write with plain-language clarity while enforcing unit and style discipline; treat tables
and figures as evidence; and review in distinct levels that separate structural
problems from surface issues. Aligning with widely accepted U.S. references (PLAIN
guidelines, NIST SI guidance, IEEE/GPO style resources, and WCAG/508 accessibility)
raises quality, reduces risk, and shortens time to approval.




Chapter 2: Audience, Purpose, and Context of Use

Avudience

Content

Purpose Context
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Figure 2. Interrelation of Audience, Purpose, and Context

Understanding Audience as the First Design Decision

In engineering communication, identifying the audience is as critical as selecting the
correct load case in structural analysis or defining input parameters in
computational modeling. The infended reader determines not only what information
to include, but also how to structure, format, and present it.

In U.S. engineering practice, "audience” encompasses multiple stakeholders: clients,
regulators, contractors, internal technical staff, and sometimes the general public.
Each has different literacy levels, priorities, and decision-making responsibilities
(Markel & Selber, 2018).

For example, a state Department of Transportation (DOT) project manager may
prioritize adherence to AASHTO standards and cost compliance, while a public
stakeholder may focus on safety and environmental impact. Misalignment between
the written content and audience expectations can lead to delays, scope disputes,
or even rejection of deliverables.

Categorizing Technical Audiences
Engineering audiences can be broadly classified into four categories, each with
distinct informational needs:

1. Technical specidlists: Require detailed equations, assumptions, and step-
by-step methods. Typically evaluate correctness and feasibility.

2. Technical generalists: Possess engineering background but outside the
specialty; need clear summaries and rationales without excessive detail.

3. Decision-makers and managers: Focus on implications for cost, schedule,
compliance, and risk; prefer executive summaries and graphical data.

4. Non-technical stakeholders: May include the public, legal counsel, or
media; require plain language, minimal jargon, and clear visuals (PLAIN,
2011).



A skilled technical writer can integrate layers of information, allowing different
readers to navigate to the level of detail appropriate for them.

Purpose-Driven Writing in Engineering Contexis

Every engineering document exists to enable a decision, record a result, or
communicate an instruction. Purpose defines both the depth of technical content
and the style.

Common purposes include:
e Persuasive: Justifying a design option to stakeholders.
¢ Informative: Conveying neutral facts or findings.
¢ Instructional: Directing procedures in construction or testing.
e Recordkeeping: Capturing decisions, assumptions, and approvals for future
reference.

In U.S. engineering project delivery, contractual obligations often tie a document’s
purpose to a specific milestone, such as a 30%, 60%, or 0% design submittal. Failing
to align the document’s scope and tone with its contractual purpose risks non-
acceptance.

Context of Use in Engineering Communication
The “context of use” refers to the operational environment in which the document
will be read and acted upon. It includes:

e Physical context: Will the reader be in an office, a meeting, oron a
construction site2

¢ Technical context: What prior information, software outputs, or standards are
they using alongside this document?

e Regulatory context: Are there binding requirements from agencies such as
the EPA, FHWA, or OSHA?2

e Temporal context: Is this a preliminary concept, an interim report, or a final
sealed deliverable?

For example, a welding procedure specification intended for fabrication crews will
differ markedly in style, structure, and illustration requirements compared to a
conceptual hydrology study for a planning commission.

Figure 2 above is a schematic illustrates that audience, purpose, and context form
an interdependent relationship influencing the content (structure and style) of any
engineering document. Change in any one factor requires re-evaluating the other
two. For instance, shifting an infended audience from internal engineers to public
stakeholders changes not only the tone (plain language), but also the context
(public meeting) and purpose (inform, not instruct).

Adapting Language and Structure to Fit Audience Needs

Language should be calibrated to the reader’s technical proficiency. For specialist
audiences, acronyms and symbols can be used without definition, but for mixed or
public audiences, spell out terms and avoid field-specific shorthand.



The structure should mirror the reader’s preferred decision pathway:
e Specialists: Start with methods, then results.
e Decision-makers: Lead with conclusions and implications.
e Public audiences: Lead with plain-language summaries and visuals before
technical detail.

Layered structuring, such as the “inverted pyramid” approach used in journalism,
ensures critical information appears first, followed by supporting detail (Perrin, 2017).

Table 3 below demonstrates how the same engineering finding is presented
differently for various audiences.

Table 3. Example of Tailored Communication for a Single Project Deliverable

Audience Purpose Style & Content Example
Structural peer Verify compliance with Detailed calculation sheets, annotated
reviewer seismic design code equations, code clauses referenced
. . . One-page summary with cost impact,
City council Approve capital budget compliance statement, and risk overview
General public !nform about safety Infographic showing _how gpgroqles
improvements reduce earthquake risk, minimal jargon

Case Study: The Failure of the FIU Pedestrian Bridge

The 2018 Florida International University pedestrian bridge collapse was in part a
failure of technical communication. The peer review firm and the design-build team
had exchanged emails and calculation packages that did not effectively convey
the severity of observed cracks. The audience (decision-makers) did not receive an
unambiguous statement of imminent risk, leading to catastrophic consequences
(NTSB, 2019).

Aligning with Standards and Policies

U.S. engineers can benefit from integrating federal plain-language guidelines with
technical society style manuals. For example, using IEEE standards for units and
notation ensures technical accuracy, while applying PLAIN principles ensures clarity
to non-technical readers (IEEE, n.d.; PLAIN, 2011). In regulated contexts, audience
analysis should also reference agency-specific communication protocols.

Conclusion

Engineering writing is not a one-size-fits-all exercise. The intersection of audience,
purpose, and context determines what is written, how it is structured, and how it will
be received. Misalignment can result in misinterpretation, delayed approvals, or
even safety risks. By intentionally defining these three parameters before drafting,
engineers improve the defensibility, clarity, and utility of their documents, meeting
both professional obligations and project goals.



Chapter 3: Planning and Document Architecture

The Strategic Importance of Document Architecture in Engineering

In engineering practice, a document’s architecture functions much like the load
path in a structural system: it determines how information flows, where it is supported,
and where it may fail. A well-planned document reduces the cognitive load on the
reader, increases the likelihood of correct interpretation, and shortens review cycles.

Poorly structured documents lead to misinterpretations, overlooked constraints, and
costly rework. The planning phase, before a single paragraph is written, ensures that
the final product aligns with both project objectives and audience expectations
(Anderson, 2020).

From Problem Statement to Document Design Brief
Every effective technical document starts with a clearly articulated problem
statement. This sets the scope and informs the outline.

A document design brief should be created at the outset to define:
¢ Intended audience and decision-making context (as discussed in Chapter 2)
Primary and secondary purposes (e.g., inform, instruct, persuade)
Required deliverables (figures, tables, appendices)
Applicable standards and style guides (e.g., IEEE, NIST, GPO)
Constraints (page limit, schedule, confidentiality)

This brief serves as the "design basis” for the document, analogous to the design
basis memorandum in engineering projects.

Heading Hierarchies and Information Mapping
Heading hierarchy is the backbone of a technical document. It should allow a
reader to navigate quickly without reading every paragraph.



In U.S. engineering documentation, a three-level heading structure is often sufficient:
e Level 1 (primary sections): Major logical divisions (e.g., “Methodology,”
“Results”)
e Level 2: Subtopics within sections
e Level 3: Specific items or cases within subtopics

Information mapping involves grouping related content into discrete “modules” that
can be moved or updated independently. This modularity is essential for
collaborative drafting and rapid revisions (Horn, 1993).

Section Patterns That Work in Engineering
Many engineering documents benefit from standard section patterns, which
increase reader familiarity and ease of review:

¢ Background - Method - Results - Discussion — Conclusion: Common in
research reports and design analyses.

¢ Problem - Options - Recommendation: Effective for decision memos.

e Requirements - Compliance Evidence - Exceptions: Used in specification
compliance matrices.

While patterns provide structure, they must be adapted to the audience and
context defined earlier. For example, a hydrology report for a regulatory agency
may require a “Methods” section that explicitly cites EPA-approved models.

Executive Summaries and Abstracts

Executive summaries and abstracts differ in both purpose and content. An
executive summary presents conclusions and recommendations first, tailored to
decision-makers who may not read further.

An abstract is a concise, factual summary of the scope, methods, and major
findings, often for indexing or archival purposes. In engineering practice, the
executive summary should be stand-alone and defensible on its own merits (Gerson
& Gerson, 2020).

Front Matter and Back Matter that Add Value

Front matter elements (fitle page, table of contents, list of figures/tables) provide
navigational aids. Back matter (appendices, references, glossary) holds supporting
material that would disrupt the flow if included in the body. U.S. engineers often
overlook the glossary; however, in mulfidisciplinary projects, it prevents
misinterpretation of discipline-specific terms.

A typical engineering report layout is shown in Figure 3, showing front matter, body
sections with clear heading hierarchy, and back matter supporting details.



—> Title Page

|

Executive Summary

|

Introduction/ Background
—> Methods

—» Results

|

Discussion

|

Conclusion
—»> References

—> Appendices
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Figure 3. Example of a Well-Structured Engineering Report Layout

Document Planning as a Risk Mitigation Too

Document architecture directly impacts contractual and safety risks. If key
requirements, assumptions, or limitations are buried in appendices or footnotes, they
may be missed during review. This omission can result in costly scope creep or even
unsafe field decisions. Incorporating risk-critical information into the main body,
flagged with headings and repeated in the executive summary, ensures visibility.
Table 4 demonstrates how document sections can be intentionally planned to serve
multiple audiences.

Table 4. Cross-Mapping Document Sections to Stakeholder Needs

Section Primary Audience Function Example Content
Executive - Immediate approval | Key findings,

Decision-makers . . . .
Summary or direction recommendations, risks
Intfroduction/ Al Context and scope Regulp_:fory framework, site
Background conditions

Technical Validation of Calculations, model
Methods -

specialists approach parameters
Results All Evidence DOTO. tables, performance

metrics
. . Decision-makers & . Compliance statements,

Discussion L Interpretation

specialists frade-offs
Appendices | Specidalists Supporting detail Raw data, calibration logs

lterative Planning and Collaborative Architecture

In collaborative projects, architecture must be designed with multiple authors in
mind. Cloud-based platforms and document control systems (e.g., SharePoint,
ProjectWise) support version tracking, but only if sections are modular and headings
are consistently applied. Consistency in structure enables parallel drafting and
reduces integration errors at final assembly.



Conclusion

Planning and architecture are the hidden engineering of effective technical writing.
Just as structural engineers design a frame before cladding, technical writers must
define document skeletons before filing them with detail. A well-structured
document supports multiple audiences, mitigates risk, and reduces review time,
ultimately improving project delivery efficiency. By treating the document design
brief, heading hierarchy, and section patterns as engineering tasks in their own right,
professionals produce deliverables that are both readable and defensible.



Chapter 4: Style for Clarity, Precision, and Readability

The Role of Style in Technical Communication

In engineering writing, style is not ornamentation; it is a set of choices that directly
influence accuracy, efficiency, and legal defensibility. Clear and precise style
reduces ambiguity, accelerates decision-making, and ensures that documents
withstand contractual, regulatory, and public scrutiny.

Stylistic discipline also allows multidisciplinary teams to work from a shared baseline,
avoiding costly misinterpretations. In U.S. engineering practice, style often integrates
internal corporate guidelines, technical society conventions (e.g., IEEE, ASCE, ASME),
and applicable government standards such as the GPO Style Manual (GPO, 2023).

Clarity: Making the Reader’s Path Obvious

Clarity in engineering writing is achieved when the reader can extract key meaning
on the first read. This is especially important for documents such as test procedures,

operating manuals, or field instructions, where misunderstanding can result in safety
hazards.

Techniques to improve clarity include:
e Active voice where responsibility must be clear (“The contractor shall install
anchor bolfs...").
e Parallel structure in lists and headings so patterns are predictable.
e Concrete, measurable terms rather than vague quadlifiers (“Provide a 25 mm +
0.5 mm gap” instead of “Provide a small gap”).

The U.S. Federal Plain Language Guidelines recommend using the clearest word
possible, avoiding jargon unless essential, and organizing content so the most
important points come first (PLAIN, 2011).

Precision: Saying Exactly What You Mean

Precision is vital for technical accuracy and risk management. Engineers must ensure
that quantities, tolerances, and technical terms are expressed consistently
throughout a document. The NIST Special Publication 330 on Sl units specifies that
symbols should not be pluralized, that a space should separate a number from its



unit, and that decimal points (not commas) should be used in English-language
engineering contexts (NIST, 2019).

Similarly, ASME Y14.5 (Dimensioning and Tolerancing) enforces precision in how
measurements and geometric conftrols are stated. Failure to apply these
conventions can lead to fabrication errors and disputes over compliance.

Readability: Balancing Technical Rigor and Ease of Reading

Readability does not mean simplifying content to the point of inaccuracy; it means
arranging and expressing information so that readers can process it efficiently. A
document may be precise but unreadable if it is overloaded with unsegmented
text, uses inconsistent notation, or contains long, syntactically complex sentences.

Readability metrics (such as the Flesch Reading Ease score) are sometimes used in
public-facing documents, but in engineering, the focus is on structural readability:

e Use short paragraphs (4-6 lines) for ease of scanning.
e Break complex arguments into sequential steps with clear connectors.
e Align tables, figures, and equations with the relevant text.

Balancing Active and Passive Voice

Active voice is preferred for clarity and accountability, but passive voice remains
useful when the actor is unknown or irrelevant, or when emphasizing the action
rather than the actor, such as in test results: “The specimen was loaded to failure at
250 kN.” The key is deliberate choice. Overuse of passive voice often leads to
ambiguity about responsibility, which can have contractual consequences (Markel
& Selber, 2018). Table 5 below The table links frequent style problems to their
potential project risks.

Table 5. Common Style Issues and Their Impact on Engineering Deliverables

Style Issue Example Potential Risk
Ambiguous measurement - . Misinterpretation during
Tight fit L
terms fabrication
Overuse of passive voice Bolts shall be installed” (by | Accountability gap in
whom?) contracts

Mixing inches and

- ) Dimensional errors
millimeters without rule

Inconsistent units

Undefined acronyms "Use PPE"” without expansion | Safety non-compliance

Buried conclusions Conclusion on page 15 of 20 | Missed decisions, delays

Integrating Style Guides and Templates
Most engineering firms maintain internal style guides, but these should align with
recognized external standards for interoperability.

For example:
e |EEE Editorial Style Manual for units, capitalization, and numbering in reports.
e ASCE Author Guidelines for academic or technical society publications.
e GPO Style Manual for government submittals.



Templates should embody these style rules so that compliance is built into the
drafting process.

Practical Style Checklist for Engineers
Before sending a document to review:

Verify units against NIST guidelines.

Confirm that all acronyms are expanded at first use.

Ensure each table/figure has a takeaway-focused caption.
Check that the executive summary states the main point first.
Scan for parallel structure in headings and lists.

This checklist aligns with the “copy edit” and “proof edit” stages discussed in
Chapter 1 and prevents many avoidable review comments.

Conclusion

Style in engineering writing is not an afterthought; it is an operational control. Clarity
ensures the reader understands the message on first read; precision ensures there is
only one correct interpretation; and readability ensures the message can be
consumed efficiently. Together, these qualities improve decision-making, reduce
disputes, and uphold the professional duty to communicate technical information
accurately. Engineers who treat style as part of quality control elevate their
documents from merely compliant to genuinely effective.



Chapter 5: Visual Communication: Tables, Figures, and
Data Narratives

4
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The Strategic Role of Visual Communication in Engineering

Engineering is an inherently visual discipline—designs, measurements, and analytical
results are often best understood through diagrams, tables, or schematics rather
than prose alone. In many cases, the visual presentation of data determines
whether a reader nofices, understands, and acts on critical information.

The U.S. Government Accountability Office notes that effective visual displays can
increase comprehension by up to 89% for decision-makers reviewing complex
technical reports (GAO, 2012).

When to Use Tables and When to Use Figures

Tables are most effective for presenting precise numerical data, lists, or comparisons
that the reader may wish to reference later. Figures (graphs, charts, schematics,
maps, and photographs) are better for showing trends, relationships, or spatial
configurations. In engineering documentation, the choice between a table and a
figure should be determined by the intended cognitive task:

¢ Exactlookup or comparison — Table
¢ Pattern recognition or relationship insight — Figure

Design Principles for Engineering Tables
Tables must be more than data dumps; they should be designed for rapid
comprehension.

Recommended practices include:
e Descripftive fitles that state the takeaway, not just the content (“Table 6. Beam
Deflections Remain Within L/360 Limit")
e Consistent units and precision across columns
e Grouping related data for logical scanning
e Using footnotes for exceptions or clarifications



For accessibility and clarity, avoid overly dense tables. The Section 508 standards
require that tables be coded for screen readers and include headers for each
column and row (U.S. Access Board, 2017-2018).

Design Principles for Engineering Figures
Figures should stand alone; capable of being understood without referring to the
text.

This requires:
¢ Informative captions explaining the meaning and implication of the visual
e Scales, units, and legends that are readable and unambiguous
e Color choices that maintain readability for color-blind users (use patterns or
shapes in addition to color)
e Orientation and size that suit the final publication format

For public-facing reports, follow the Web Content Accessibility Guidelines (WCAG
2.2), which emphasize sufficient contrast, text alternatives for images, and the
avoidance of color as the only means of conveying information (W3C, 2024).

Integrating Figures and Tables with Narrative

A table or figure should not be left to “speak for itself.” The main text must infroduce
the visual, highlight the intended insight, and explain its significance to the decision
or analysis. Poor integration, where visuals appear disconnected from the
surrounding discussion, can lead to misinterpretation or overlooked results.

Choosing the Right Chart for the Data
Selecting an appropriate visual form is as important as the data itself:

¢ Lline charts: Trends over continuous variables (e.g., stress-strain curves)

e Bar charts: Comparisons between categories (e.g., compressive strengths of
concrete mixes)

o Scatter plots: Relationships between two variables (e.g., load vs. deflection)

¢ Maps and GIS figures: Spatial analysis (e.g., floodplain extents)

e Process flow diagrams: System logic or operation sequences

The misuse of chart types—such as using 3D effects or decorative graphics, can
obscure rather than clarify data (Few, 2012).

Case Study: Visual Miscommunication in Risk Assessment

During the 2009 Washington Metro train collision investigation, the NTSB found that
risk data had been presented in a series of complex, unlabeled graphs that failed to
highlight operational safety concerns. The report’s authors relied on visual
complexity rather than clear, annotated graphics, which delayed management
response to a critical hazard (NTSB, 2010).

Checklist integrates accessibility, clarity, and accuracy requirements (see Table 6).



Table 6. Checklist for Effective Engineering Visuals

ltem Requirement Source

Title states takeaway lig}r;ﬁl’ge deck strain remains below yield GAO (2012)

Captions are descriptive Explain meaning, not just content GAQO (2012)

Units and scales clear All axes labeled; Sl or US customary stated | NIST (2019)
_ . WCAG 2.2

> .
Accessibility met Alt text, contrast ratio = 4.5:1 (W3C, 2024)
Consistency with narrative | Figure infroduced, cited, and explained PLAIN (2011)

Data Narratives: Telling the Story Behind the Numbers
Data narratives bridge raw data and conclusions by embedding visuals within a
logical storyline.

A well-structured data narrative:
1. States the key finding up front
2. Shows the supporting evidence in a figure or table
3. Interprets the result in context
4. Links to the decision or action required

This approach ensures that visuals are part of the argument, not an afterthought.

Conclusion

Visual communication is not optional in engineering—it is essential for tfranslating
technical data into actionable understanding. Effective visuals are chosen for their
cognitive fit, designed for clarity and accessibility, integrated tightly with the
narrative, and framed within a data-driven story. Engineers who master these
principles create deliverables that support faster, safer, and more accurate
decision-making.



Chapter 6: Core Engineering Deliverables (Models and
Templates)

The Role of Standard Deliverables in Engineering Practice

Engineering deliverables are the tangible outputs of professional practice;
documents, drawings, specifications, and reports that embody the analysis, design,
and decisions of a project. These deliverables form the official record, guide
procurement and construction, and often have contractual, regulatory, and legal
standing. Their quality directly affects project efficiency, cost, and safety. In U.S.
practice, common deliverables follow structured formats that align with professional
standards (e.g., IEEE, ASCE, ASME) and, where applicable, federal or state
documentation requirements (GPO, 2023).

Technical Memoranda and Design Decision Records

A technical memorandum documents a discrete engineering problem, the analysis
undertaken, and the recommended course of action. It is typically concise (2-10
pages) but must be complete enough for future reference. A design decision
record formalizes the rationale for choosing one design option over others and is
particularly important for defending decisions during audits or disputes.

Essential components:

¢ Problem statement and background
Governing codes, standards, and criteria
Methods and assumptions
Results and interpretation
Recommendation or decision
References and appendices

Incorporating an executive summary at the beginning improves accessibility for
decision-makers who may not read the full document (PLAIN, 2011).

Calculation Packages

Calculation packages form the analytical backbone of engineering justification. In
U.S. practice, these packages are expected to be traceable, verifiable, and where
required, sealed by a licensed professional engineer.

A complete package should include:
e Cover sheet with project name, calculation title, preparer, reviewer, and
date
Design basis (criteria, codes, assumptions)
Step-by-step calculations with units and references
Verification or check calculations
Summary of results and compliance statement

NIST SI conventions must be applied consistently to prevent unit conversion errors
(NIST, 2019).

Design Reports (Interim and Final)
Design reports synthesize multiple strands of analysis and design into a coherent
narrative. Interim reports are produced at milestones (e.g., 30%, 60%, 90% design),



while final reports document the complete design ready for construction or
implementation. These reports often become part of permit applications or funding
submissions.

As previously mentioned, typical sections include:
e Executive summary

Infroduction and scope

Design criteria and basis of design

Alternatives considered

Detailed design description

Results, including tables and figures

Conclusions and recommendations

Specifications and Requirements Documents

Specifications define the materials, products, and workmanship required for a
project. They may be performance-based (describing desired outcomes) or
prescriptive (detailing exact materials and methods). Requirements documents,
often used in systems and software engineering, outline functional, performance,
and interface criteria.

Key style considerations include:
e Use of mandatory (“shall”) and permissive (“may”) language
e Avoiding ambiguous terms (“suitable,” “adequate”)
e Referencing recognized standards (ASTM, AASHTO, IEEE) directly rather than
paraphrasing

Test Plans and Verification/Validation Reports

Test plans describe the methods, equipment, and criteria for evaluating whether a
system meets its requirements. Verification and validation (V\&V) reports document
the results of testing and analysis, demonstrating compliance. For regulated
industries (e.g., fransportation, energy), these documents must follow prescribed
formats set by agencies such as the FAA, FHWA, or NRC.

Email and Meeting Minutes as the Project Record

While less formal, emails and meeting minutes can become critical project records.
They may be subject to discovery in litigation and should be drafted with the same
care as formal reports. Meeting minutes should summarize decisions, action items,
and deadlines, and be distributed promptly for confirmation.

Table 7 below lists standard deliverables, their purposes, and key style
considerations.



Table 7. Common Engineering Deliverables and Their Primary Functions

Deliverable Primary Function Style/Format Considerations
Technical Decision-making on specific | Concise, with executive summary;
memorandum issues clear recommendation
Calculation Analytical justification Sfe!o_—by—_s’rep; units per NIST;
package verification included
. . . Structured headings; graphics
Design report Synthesis of design data integrated with fext
e Mandatory/permissive wording;
Specification Procurement control standard references
. . Detailed methods; clear acceptance
Test plan/report Compliance evaluation criteria
Meeting minutes Record of decisions il;leerifsml fone; date, attendees, action

Templates as Risk Control Tools

Well-designed templates enforce consistency and reduce omissions. They embed
style rules, section headings, and placeholders for critical content (e.g., assumptions,
references). In larger organizations, templates are often maintained under
document control fo ensure only the current version is used (see Figure 4).

Draft Preparation

|

Internal Review

|

Client Review

|

Revision

|

Final Issue

|

Archival

© MondoScience

Figure 4. Workflow for Deliverable Preparation and Review

Conclusion

Core engineering deliverables are more than administrative outputs; they are the
vehicles through which engineering decisions are communicated, approved, and
implemented. By following structured formats, adhering to style and unit
conventions, and using templates as quality controls, engineers produce documents
that are both defensible and efficient to review. Consistency across deliverables also
builds organizational credibility and reduces the risk of errors.



Chapter 7: Reviewing, Editing, and Team Workflows

The Review Process as a Quality Control Mechanism

In engineering documentation, reviewing is the textual equivalent of a design
check: it ensures that what is produced is correct, clear, and compliant before it
becomes part of the project record. A rigorous review process reduces rework,
strengthens defensibility, and accelerates client approvals. U.S. engineering firms
often structure document reviews as multi-level quality gates, each focusing on
different aspects—structure, technical accuracy, clarity, and formatting (Van Buren
& Buehler, 1976; 1980).

Levels of Edit in Engineering Writing
The NASA Jet Propulsion Laboratory’s Levels of Edit framework is widely adapted in
engineering offices. In practice, three levels are sufficient for most deliverables:

¢ Substantive Edit: Reviews purpose, audience fit, logical structure, and
completeness of content. At this stage, significant reorganizing or rewriting
may occur.

e Copy Edit: Ensures clarity, consistency in terminology, units, and style (e.g.,
IEEE capitalization rules, NIST unit conventions).

e Proof Edit: Cafches typographical errors, incorrect figure/table numbering,
broken cross-references, and accessibility compliance (e.g., Section
508/WCAG).

This staged approach prevents reviewers from mixing strategic structural changes
with surface corrections.

The Role of Technical Peer Review

Beyond editorial review, technical peer review focuses on verifying engineering
validity; calculations, assumptions, compliance with codes, and technical feasibility.
This may require a domain specialist other than the document’s author. For sealed
documents, most U.S. state boards require that the licensed professional in
responsible charge reviews and approves the final version before sealing.



Collaborative Review in Modern Workflows

Cloud-based document management systems (e.g., ProjectWise, SharePoint) and
markup tools (e.g., Bluebeam, Adobe Acrobat) allow multiple reviewers to work
simultaneously.

Effective use of these systems requires:
e Clear version control policies (one authoritative copy at a time)
e Standard file naming conventions
e A defined review schedule with deadlines and assigned responsibilities

Without disciplined control, simultaneous editing can result in conflicting changes
and lost information. A sequential flow with quality checks at each stage helps with
the document review process (see Figure 5).

Draft

|

Substantive Edit

|

Copy Edie

|

Technical Review

|

Proof Edit

|

Final Approval

|

Issue
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Figure 5. Document Review Workflow

Redlines, Track Changes, and Comment Etiquette

When using digital markup tools, comments should be actionable, specific, and tied
to the relevant section. Avoid vague comments like “unclear” without explanation;
instead, specify why something is unclear and, if possible, suggest a revision. For
contractual clarity, maintain a record of changes, either through version history or
archived redlined PDFs. Practical guidelines for reviewers and authors to reduce
friction and improve document quality is shown in Table 8.

Table 8. Best Practices for Review and Editing

Practice Avuthor’s Role Reviewer's Role

Apply house + external

standards (e.g., NIST, IEEE Check for adherence

Use agreed style guide

Provide a clean draft Addrgss_ self-review before Focus on review, not basic
submission cleanup
Track changes Accept only necessary edits Clearly document rationale
Respect deadlines Submit on schedule Rg’rum review within agreed
window
Negotfiate style/wording Keep focus on clarity and

Resolve conflicts

decisions accuracy




Ethics and Liability in the Review Process

Reviewers have both ethical and legal obligations. If a technical error is discovered
during review, it must be addressed before the document is finalized—failure to do
so can constitute negligence. Additionally, reviewers must avoid introducing
inaccuracies through poorly understood edits.

Integrating Al Tools in Review

Al-assisted grammar and clarity fools can catch routine issues, freeing human
reviewers for higher-value checks. However, Al outputs must be verified for
accuracy, as they may misinterpret technical context. U.S. engineers remain
professionally liable for content regardless of the tool used to draft or review it.

Conclusion

Reviewing and editing in engineering are deliberate, staged processes that ensure
technical accuracy, clarity, and compliance. By applying the Levels of Edit
framework, maintaining disciplined workflows, and respecting ethical obligations,
teams can produce documents that are both authoritative and efficient to
approve. Collaborative tools and Al can enhance, but not replace, professional
judgment in the review process.



Chapter 8: Ethics, Risk, Accessibility, and Legal
Considerations

i

The Ethical Foundation of Engineering Communication

In the United States, engineers are bound by codes of ethics such as those issued by
the National Society of Professional Engineers (NSPE) and discipline-specific societies
(ASCE, IEEE, ASME). These codes mandate that engineers “hold paramount the
safety, health, and welfare of the public” (NSPE, 2019).

Ethical communication in technical writing is a direct expression of this obligation:
accuracy, completeness, and transparency are not just good practice, they are
professional requirements. Concealing uncertainties, omitting key data, or
overstating conclusions violates both ethical duties and, potentially, legal
obligations.

Risk Management Through Clear Writing

Engineering documents often become evidence in disputes, regulatory reviews, or
litigation. Ambiguities in wording, missing assumptions, or inconsistent data
presentation can increase liability.

To manage risk, engineers should:
e Explicitly state assumptions, limitations, and applicable codes/standards
¢ Document data sources and version numbers for models or drawings
e Use disclaimers when appropriate, without diluting factual accuracy
e Ensure traceability between recommendations and supporting analysis

A well-documented design basis and decision rationale not only strengthen
defensibility but also streamline post-incident investigations or audits.

Accessibility as a Professional Responsibility

Federal projects, and many state projects, must comply with the Rehabilitation Act
Section 508 and the Americans with Disabilities Act (ADA) in public-facing
communications. These require that documents and visuals be perceivable,
operable, understandable, and robust for individuals with disabilities (U.S. Access
Board, 2017-2018). WCAG 2.2 standards provide specific criteria such as minimum
contrast ratios, alternative text forimages, and logical heading structures for screen
readers (W3C, 2024).



Even for non-mandated projects, accessibility improves comprehension for all users,
including non-native speakers and those working in poor viewing conditions (e.g.,
field laptops in bright sunlight).

Legal Considerations in Engineering Documentation
Engineering documents are often discoverable in legal proceedings.

This has several implications:

e Public records laws: On government projects, correspondence and reports
may be subject to Freedom of Information Act (FOIA) requests.

e Contractual obligations: Specifications, schedules, and reports form part of
the contract; failure to follow or accurately reflect them may constitute
breach.

¢ Intellectual property rights: Drawings, models, and text may be copyrighted
or considered trade secrets; proper labeling and handling are necessary.

¢ Professional liability: Sealed documents carry the legal weight of professional
certification; errors can result in license discipline or negligence claims.

Case Study: Inadequate Documentation in a Failure Investigation

In the 2014 Elk River chemical spill in West Virginia, incomplete and inconsistent
maintenance records complicated both the root cause investigation and legal
proceedings. Key details about tank inspections were missing, and vague language
in prior reports created uncertainty about compliance. The lack of clear, accessible,
and complete documentation increased both public risk and legal exposure (CSB,
2016).

Table 9 below shows how the four dimensions of ethics, risk, accessibility, and legal
overlap in engineering communication.

Table 9. Ethical, Risk, Accessibility, and Legal Intersections

Dimension Primary Concern Communication Strategies

Report all relevant facts, cite
sources, avoid bias

State assumptions, ensure
traceability, use precise language
Apply WCAG 2.2, alt text, logical
structure, readable fonts

Maintain records, follow confract
terms, protect IP rights

Ethics Honesty, completeness, objectivity

Risk Liability, safety, contractual exposure

Accessibility | Inclusivity, compliance

Legal Discoverability, enforceability

Balancing Transparency and Confidentiality

Ethical and legal duties sometimes pull in opposite directions; public interest may
require disclosure of information that is also commercially sensitive. In such cases,
engineers must work with legal counsel and client representatives to determine what
can be disclosed without violating contracts or regulations, while still meeting ethical
obligations to protect public safety.

Figure 6 below depicts arisk-reduction cycle in communication.
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Figure 6. Risk-Reduction Cycle in Engineering Communication

Conclusion

Ethics, risk management, accessibility, and legal compliance are interdependent in
engineering communication. Writing that is accurate, clear, accessible, and
properly documented not only meets professional obligations but also protects
public safety and reduces liability. Engineers who understand and integrate these
principles into their technical writing produce deliverables that can withstand
regulatory review, legal scrutiny, and the test of time.
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