
[image: image]




Writing for Engineering and Science Students

Writing for Engineering and Science Students is a clear and practical guide for anyone undertaking either academic or technical writing. Drawing on the author’s extensive experience of teaching students from different fields and cultures, and designed to be accessible to both international students and native speakers of English, this book:


•    Employs analyses of hundreds of articles from engineering and science journals to explore all the distinctive characteristics of a research paper, including organization, length and naming of sections, and location and purpose of citations and graphics;

•    Guides the student through university-level writing and beyond, covering lab reports, research proposals, dissertations, poster presentations, industry reports, emails, and job applications;

•    Explains what to consider before and after undertaking academic or technical writing, including focusing on differences between genres in goal, audience, and criteria for acceptance and rewriting;

•    Features tasks, hints, and tips for teachers and students at the end of each chapter, as well as accompanying eResources offering additional exercises and answer keys.



With metaphors and anecdotes from the author’s personal experience, as well as quotes from famous writers to make the text engaging and accessible, this book is essential reading for all students of science and engineering who are taking a course in writing or seeking a resource to aid their writing assignments.
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Preface

Every year over 80,000 bachelor’s degrees and 50,000 graduate degrees are awarded in engineering in the US alone, and three times that number in science. Worldwide the number is obviously far higher. Because of increasing globalization, many of those graduates must learn to write in English.

Textbooks on scientific and technical writing frequently provide prescriptive models, with templates for different tasks. While these make teaching and grading easy, and students using such texts may excel in class, that does not guarantee success in the real world. Considering the audience and goal will allow a writer to choose which common components of academic writing need to be included in a document, and an understanding of argument structure can guide how to place them. Thus the goal of this text is to provide basic principles that can be applied to any writing task.

The diversity of my training and work experience has played an important role in shaping this textbook. My doctoral degree was in natural science, but I later returned to get a master’s degree in science education, so I saw how different writing styles are in the natural and social sciences. While working as a science teacher I wrote lesson plans, lab and classroom activities, various reports, SWOT analyses, and a school accreditation self-study. When a local company was bought by an international corporation, I helped them learn to write email and technical reports to communicate effectively with their new headquarters in the US. My own writing experience has included journal articles, articles for a science teacher magazine, book chapters, and a book. Moreover, my work as a freelance academic editor for over 15 years exposed me to research journal articles from a broad range of disciplines, from linguistics to medicine to applied mathematics, as well as other genres such as grant proposals.

Thus when I was asked to teach academic writing I knew that the structure of articles differed considerably across disciplines, but I believed that engineering used the same basic IMRD (Introduction, Method, Results, Discussion) format as the natural sciences. After all, scientists tend to think of engineering as “applied science.” When one engineering student after another said none of their research articles followed that format, I began my own investigation. When my analysis did not match what I had read in textbooks on academic writing, I started to develop my own teaching material.

I have now taught academic writing for seven years, first in the learning center and currently in the electrical engineering department at National Chung Cheng University. My students have come from many branches of engineering, including electrical, mechanical, chemical, and computer science and information engineering, as well as various fields of science and social science. Their analysis of articles in their own fields formed the basis for the general components proposed in this textbook. Combining that knowledge with the principles of argumentation and knowledge construction that underlie modern science education allowed me to generalize and extend the concepts to other types of writing.


This book presents a new general framework for understanding academic and technical writing, particularly in science and engineering, based on the premise that all such writing is argumentation. For academic writing, I claim that although the widely accepted IMRD model is useful in science, it is of limited value for engineering. Support for that claim will be found in the chapters that follow. I further claim that if students learn basic principles of argumentation, learning to think in terms of claim and support, they can become more effective communicators in any genre, written or spoken, as supported by the testimony of former students.




To the student

Many books on science and engineering writing follow a “one-size-fits-all” approach, giving the impression that every field uses the same basic format, and teaching you to write that way. Unfortunately, journal articles in engineering do not follow the textbook format for journal articles in science, and there is a lot of variation between different disciplines, and even subfields within a discipline. The same could be said for any other type of writing.

Thus this book approaches writing from a genre analysis perspective, which simply means learning to write like someone in your field by analyzing good examples of writing in your field. It provides step-by-step instructions through various stages of the writing process, with examples and practice exercises. The book will be most useful if you have a competent mentor to check your work, either an instructor in a writing course or an academic advisor (or preferably both), but can be used for self-study as well.

Since I have lived in Taiwan for most of the last 25 years and most of my students have been native speakers of Chinese or other Asian languages, the text naturally addresses the needs of those whose first language is not English. Additional material for those using English as a lingua franca may be found on the publisher’s website. Nevertheless, since no one uses academic English as their first language, any novice writer should be able to benefit from the ideas presented here. I hope you will find the book useful.



To the teacher

There are several new ideas in this book that have never been published before, although some will be appearing in journals and a book chapter at about the same time. The first is the proposal of IPTC (Introduction, Process, Testing, Conclusion) as a way of naming the prototypical format for engineering research articles, based on my own analysis of articles in engineering journals. As I will explain, the focus of an engineering article is on developing and testing a new design to solve a problem, rather than on explanation of data to answer a question. This is reflected in an argument structure and topic placement that differs from the traditional IMRD format of scientific papers. I also propose the 7Cs of Change, which evolved gradually through several years of teaching stepwise revision of academic writing. The chapter on email likewise contains novel ideas related to well-known sociolinguistic and pragmalinguistic principles.

Applied linguists will find that sometimes I do not follow standard terminology in the field. Since I am not a linguist by training, the first draft of the book was written before I realized I was in many cases reinventing the wheel. Even after reading the linguistics literature, I have chosen in some cases to retain my own terminology. Because this book is written for science and engineering students, I have tried to use terminology they will readily understand rather than the fine distinctions teased out by linguists over the years. In the notes you will find the standard linguistic terminology and references to some of the seminal works, in many cases published decades before I stumbled on a similar concept. Where my analysis differs from previously published work, often based on analysis of texts from engineering that do not match previous studies of research articles in science, this is also discussed in the notes, since it is of more interest to teachers than students.

A grant from National Chung Cheng University allowed me to hire research assistants to confirm many of my preliminary findings, but there is still much to be done. Relatively little linguistic analysis has been conducted on the structure of engineering research articles or technical reports, so this text should by no means be considered the final word. Rather, it is my hope that this work will stimulate further research by providing a productive framework to test and modify. Any exercise in this text, conducted on a selection of journal articles from one field or journal, or a corpus from a certain business or industry, would provide a suitable topic for a paper or thesis in applied linguistics. Comments from engineers are also highly welcome, whether to correct misconceptions, make the categories clearer or more useful, or expand the work to other areas. If you have any suggestions on how the book could be improved, please let the publisher know and I will very happily correct any mistakes, give better examples, and cite your research or comments in any future editions.


This text is too long for a one-semester class. Proposed syllabi and suggestions on how to use the text in basic and advanced classes may be found in the supplemental teaching materials on the publisher’s website. On the website you will also find PowerPoint summaries of each chapter and additional exercises and materials to assist those using English as a lingua franca. Teaching tips in each chapter give suggestions on how to make your class more successful, based on my experience. This book works very well with a flipped-classroom approach, where students read the textbook at home and come to class to do the exercises and homework. This allows you to catch problems quickly, resulting in less frustration for the students and less correcting for you.

Finally, note that the book is primarily addressed to students, not teachers. In many cases I will address the reader as “you,” referring to the one learning to write. It is my intent to come alongside them, as much as is possible given the medium, acting as a mentor and sharing anecdotes from my own experience rather than providing dry formal pabulum that they would dread reading.
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Part 1

Getting the big picture





Chapter 1

General principles of writing


1.1 Fitting in, standing out

I currently teach at a university in a rural area in southern Taiwan. There is no written dress code, but almost everyone dresses informally. Students come to class in shorts and tee shirts, with sneakers or flip-flops on their feet. It just seems to fit the area. Someone wearing high heels and the latest fashion would seem out of place, perhaps a visitor from elsewhere. They just don’t fit. But among the informally dressed students, some stand out. They ask the right questions, work hard, and excel in class.

The same principle applies to writing in science or engineering, whether in academics or industry. For example, there may not be a written code that says what a research article should look like in your field, but everyone who has been in it for a while knows the unwritten rules. If you follow those rules, you will fit in. If not, they will look at you like an outsider, and your paper is less likely to be accepted. But within those papers that all look similar, some stand out. They ask the right questions, are well written, and wind up being highly cited. Nevertheless, if you don’t fit in, you never get the chance to stand out (Figure 1.1).

The problem is that when you begin to write in a new field of study, you do not know the expectations, the unwritten code. I suggest there are three ways to learn the unwritten expectations in your field:


(1)   Gradually learn by experience;

(2)   Ask someone with more experience;

(3)   Purposefully study the structure of successful writing.



Many students choose the first route, often by default rather than active choice. They finish their research and are ready to write, but then realize they have no idea how to structure their writing. Nevertheless, they try their best, and wind up very discouraged when their teacher or advisor says they have completely missed the mark. After a number of attempts, they finally succeed, and after a few more attempts manage to master the style. Nevertheless, they may not be able to describe it to others because they have never considered what makes some writing better structurally, only in terms of content. This is also the limitation of the second route—some professors can train their students to do the research but have never studied or thought critically about how to write.

That brings us to the third route, and the purpose of this book. Every journal has its own unwritten rules that define the expected structure for articles, and you must learn what those rules are if you want your work to be accepted by that journal. Every business has similar unwritten rules for reports in that company. You cannot learn the expectations for a particular situation by reading a book that gives you a general style for a certain type of writing. You can do it by reading and working for many years and gradually assimilating the style, or you can expedite the process by actively studying the structure of good examples. In this book you will learn and practice how to do that.




[image: image]

Figure 1.1  Fitting in and standing out.





The method taught in this book allows you to write better, with less revision, and easily adapt your writing to meet the expectations of different situations.



The process initially will seem very tedious. At first you may wonder if it is worthwhile, but it has two advantages. The first and most immediate is that whatever documents you need to write as a student will require less revision and get higher marks, because they meet the expectations. The second and ultimately more important is that it will be easier to adapt your writing to different situations. After using the method to purposefully study journal articles, you can compare any subsequent writing task with what you already know. By noting the differences, you will be able to adjust your style of writing accordingly. If you have learned to write in one format by trial and error, you will have to use the same slow method for the second as well.




1.2 We have to start somewhere, but why research articles?

No matter what you want to learn, it pays to start with the fundamentals. Therefore, no matter what you plan to write first, we will begin with an analysis of research articles. There are four good reasons for this:


(1)   You will learn to read more effectively to get the information you need to work in science or engineering;

(2)   Research articles are complete arguments, thus a good example for your own writing, but also part of an ongoing research effort;

(3)   Other genres of student and technical writing are predictable modifications of research article structure in that field;

(4)   Research articles are readily available.




Research articles are readily available examples of good arguments; understanding their argument structure will help you read and write better.



What the American novelist Stephen King said is no less true for academic writing than fiction: “If you don’t have time to read, you don’t have the time (or the tools) to write. Simple as that” (King, 2000: 147). Whether in school, academics, or industry, you will need to read research articles to get up-to-date information on the latest advances in your field. As we will see, research articles have a relatively predictable order of claims. Articles include most of the components common in science and engineering writing, and certain phrases are frequently used to mark each component. Understanding that structure and recognizing those phrases will help you locate the information you need for your own work more quickly and efficiently.

Although each research article stands alone as a complete argument, it is also part of the growing body of knowledge in that field. Thus each article is one link in a long chain of research and makes sense only in the context of that whole chain. You will need to read many articles before you can see the overall structure of that chain and understand which links are most important in holding the whole chain together, and which merely connect one item dangling from that chain like a charm on a bracelet. The same is true for technical reports, email, or any other type of writing discussed in this book.1

Furthermore, as we will see in Chapters 10–17, although other genres make different basic claims than journal articles, they include many of the same components, evidence, and reasoning and are strongly influenced by the research article structure in that field. Thus understanding the structure of journal articles will assist you with almost any type of writing.


From a practical perspective, research articles are easy to obtain. Although it is difficult to access authentic examples of industry reports, grant applications, reference letters, and many other genres because of confidentiality concerns, there is a virtually inexhaustible supply of journal articles available in any field.



1.3 Academic English: a new language

If you are a graduate student, or even an upper-level undergraduate, you have probably read an academic journal article. What was your first impression? Many students, even those whose first language is English, wonder, “Is this English? Why can’t I understand it?” The language used in journals is very different from the language of everyday speech.


“Is this English? Why can’t I understand it?” Academic English is not anyone’s first language.



Linguists (those who study the structure and use of language) tell us that there are many different genres of writing. Genre refers to a specific category of written, spoken, musical, or artistic presentation, and each genre has its own style. Academic English is different from everyday English, and each discipline even has its own discipline-specific English, with its unique vocabulary and expressions. Technical writing is not the same as academic writing in the same field. The technique we will be using in this book is based on genre analysis. It will help you learn to both read and write academic and technical English, particularly the discipline-specific English of your field.

Since academic English is not a first language for any of us, this book should be useful to any beginning writer. As with learning any other new language, it will take time, but the principles taught in this book will help you improve faster. Eventually you will learn to not only write but also think in the patterns expected in your field.



1.4 Identifying good exemplar articles


The best exemplar is one that is well written and has a good argument structure, not the one closest to your topic, most cited, or written by the top researcher.



Throughout the book you will be examining exemplar articles. As the name implies, you can use exemplars as examples when you do similar writing, so it is important to identify which documents will be good examples. A good exemplar article is not necessarily the one whose content is the closest to your topic, or the most cited, or one written by the most famous researcher in the field. The most-cited papers often lay out a new theoretical framework or methodology, and therefore may use a different format than a typical research article in the field. Some of the best-known researchers in a field can get away with poor writing because their research is respected, an advantage not shared by new authors. Instead, look for an article that seems to be well written, more from the perspective of argument structure than grammar.


The first thing to notice in choosing exemplar articles is the genre. Since our first goal is to analyze standard research articles, do not use the following as exemplars:


•    Review or survey articles

•    Overview of a standard2

•    Brief reports, letters, communications

•    Conference papers

•    Trade publications

•    Popular science publications




These are other genres that may provide good information for your research but are not good exemplars because they have a different purpose and structure.



Reviews and surveys are usually written by experienced senior researchers. While these may be an excellent place to start reading what has been done in your field, they do not present any new research, and therefore lack many components. The overview of a standard may likewise be vital to your research, but the structure and purpose are very different, with no new testing or data. Usually the title or a text box at the top of the first page will indicate if an article fits in any of these categories.

Brief articles and conference papers are often based on preliminary results, shorter, and not as carefully reviewed, and they generally do not have as developed an argument structure as full articles. Brief articles may also be called letters or communications, and usually have those words in the heading of the first page of the article, or perhaps in the name of the journal. Any article whose reference includes Proceeding, Workshop, or Symposium is probably a conference paper.

Trade and popular science publications are written for people in industry or the general public, respectively, and are usually a summary of applications of the latest research rather than the research results of a single group. They are easily identified by their brighter colors and graphics.

It is also important when deciding which articles to use as exemplars to consider the date of publication. Recent articles are better, because both research and writing styles change over time.


Recent articles generally make the best exemplars, because expectations change over time.



Every journal has slightly different expectations and requirements. You might expect to find differences between, say, chemical engineering and electrical engineering, but there are also huge differences within electrical engineering and from journal to journal within a field (Rau, In preparation). Thus, it is easier to begin by analyzing several articles from one journal. After you are familiar with the process, doing it for another journal will be easier. Eventually you will be able to quickly analyze an article’s format based on comparison with those you already know and extend the knowledge to other types of writing.


In the homework for this chapter, you will identify three exemplar articles by different authors in your field. Why three? you may ask. With only one or two it is impossible to establish what is typical of your field, but with three it is likely that at least two will be similar, giving you a better picture of the expectations.


Starting with three articles by different authors from one journal allows you to determine the expectations of that journal, so you can fit in.





1.5 Learning the fundamentals

Writing is an art. To become an artist, a student must first learn basic elements like shape and color, then principles of composition. After learning the basic techniques, the student may be asked to create their own work, copying the style of a certain master. Similarly, if you want to write like the experts in your field, you have to study their work and try to duplicate the style, but with your own content. That is the fundamental principle underlying the use of exemplars, good examples of a genre. At the same time, as you improve, you will develop your own unique style.


Learning to write is like learning to paint.

You learn a particular genre by copying successful work.



In Chapter 2 you will learn the overall format of academic writing in your field, using research articles as a prototypical example. In Chapter 3 I will introduce the premise of this textbook: that all writing in science and engineering is (or should be) structured as a series of arguments, with nested claims supported by evidence from both past and present work, linked by logical reasoning. Then, in Chapters 4–6 you will examine in detail the claims made in different divisions of research articles. Chapters 7–9 complete the picture, as you learn to identify the evidence and sequencing strategies used to support the claims.



1.6 Exploring different genres



Once you master the technique, you can apply the same principles to any other writing.



In the next part of the book (Chapters 10–17), I will show how, once you have learned to identify and emulate the format of an argument in a journal article, you can apply the same principles to any writing. Just as it is easier to pick up a new genre of art once you have mastered one, the same is true for writing. The principles of using an exemplar and focusing on argument structure can be applied to any genre of undergraduate, graduate, academic, or technical writing. They can be extended further to job applications, oral presentations, and even email correspondence.

As long as you focus on your audience and the underlying claims that need to be addressed for each type of writing, you will be able to adapt what you have learned to write successfully in any situation. Your first attempts may not be perfect, but should be close enough that others can provide specific suggestions for improvement.



1.7 Creating your own masterpiece

One of the hardest things for new writers to understand is the number of revisions required. Some portions may survive with minimal changes, but those involving integration of work from different authors or justification of a plan of action are much harder to write and will require extensive revision. That being the case, it does not make sense to polish every sentence when you write it the first time, or even to write everything in the order it will appear in the final document.


One of the hardest things for new writers to understand is how many times you will have to rewrite your work.



Rather than filling your paper from left to right, top to bottom, it makes sense to think of how a painter creates a masterpiece. An experienced painter begins with a broad outline, sketching in the overall size and shape of various components, then chooses one of the main themes, filling in the broad brush strokes of that across the whole canvas, then another, and finally adding all the small details. That is how I am going to encourage you to write.

In Chapter 18 I will describe in more detail the reason for writing in stages. In Chapter 19 you will learn how to prewrite your article, brainstorming about what should go into your document and putting those ideas in order, following your own template derived from exemplars. In Chapter 20 I will give suggestions on keeping track of what you have written, which is particularly essential in academic writing where it may take over a year from the time you start until an article is published.

Although only one chapter is devoted to prewriting and one to writing, the next three chapters (21–23) are devoted to various aspects of rewriting, highlighting its importance in creating your masterpiece. In these chapters you will learn about the 7Cs of Change (Coherence, Conciseness, Connection, Connotation, Consistency, Correctness, Collaboration), seven steps of rewriting that will gradually transform your writing from very rough to a highly polished argument.

In the last part, Chapters 24–27, we will turn our attention to graphics, references, and the title and abstract, important elements of academic writing which are normally finalized after most of the writing and rewriting are finished. Once your work of art is complete, you want it to be noticed and appreciated. To do that, you need to convince someone to put it on display, so in the final chapter we will look at how to submit your work and respond to reviewer comments.




Evaluate your understanding


(1)   What are the advantages of the method proposed in this book?

(2)   Why will we begin by analyzing the structure of research articles, no matter what you plan to write first?

(3)   What types of papers should you not use as exemplars, and why?

(4)   What is the advantage of using three exemplar articles rather than only one, and three from the same rather than different journals?





Homework


(1)   Beginning with one article related to your field, find at least two other articles from the same journal that might serve as exemplars.



Hint: Use Google Scholar or another academic search engine to find recent articles that have cited the first.

Hint: It is preferable to use articles by three different authors, to ensure that the style is that preferred by the field, not a single author.


(2)   List the references from your three articles and check that they are all standard research articles.



Hint: If you know how to use a reference manager (section 25.3), do so. If not, type the title in Google Scholar. At the bottom of the listing, click on the quotation mark. Copy one of the formats into a Word document.

Hint: Look for signs of other genres in the reference (Letters, Proceedings . . .).


Teaching tip: Show examples of each type of article and how to recognize them before asking students to submit potential exemplars.

Teaching tip: It is essential to evaluate students’ exemplars early, to make sure all are standard research articles, not other genres. It will help students if you can tell them which of the three articles is most prototypical or best written.

Teaching tip: Alternatively, ask students to submit five articles, and help them select three that appear to be better exemplars, rather than finding that some are not suitable and having to resubmit other options.

Teaching tip: Obviously, if all the students in your class are writing another genre and have access to exemplars, you could begin with that instead of research articles, but by doing so they do not learn how to read research articles.

Teaching tip: Sometimes authors will use the same title for a conference paper and a journal article. This can cause confusion when downloading the reference, especially if the article is an early access preprint version, common in engineering. Tell students to check that the reference and header of the article match, and how to reference preprint versions.






Notes

1    Linguists call this intertextuality (the connection between texts). See section 14.1.

2    In engineering, new designs must conform to accepted standards. Overview articles reduce the hundreds of pages of detail in the complete standards to tens of pages of general description.
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Chapter 2

Overall format of research articles


2.1 One format or two?

Our first step in learning how to write will be learning how to read research articles. There are several good reasons for this, explained in section 1.2. Research articles are the heart of science and engineering, reporting the latest advances, so you need to learn to read them. If you find them difficult to read, you are not alone. The vocabulary, grammar, and overall structure are far more difficult than popular writing. Nevertheless, it is easier if you understand how they are structured, and thus where to find the information you need. After learning their structure, I will show you how to use that knowledge to write whatever you want.

The IMRD format (Introduction, Methods, Results, and Discussion, also called IMRaD) is a well-established tool for teaching academic writing. While this structure is easy to identify in many science articles, there are problems applying it to many branches of engineering. In this chapter I propose an analogous format, IPTC (Introduction, Process, Testing, and Conclusion), based on several distinctive features. By the end of the chapter you will know how the formats differ and which is used in your field.



2.2 Research article formats: IMRD vs. IPTC

Research articles in science and engineering exhibit obvious differences in the number, names, and length of sections. Since the format of research articles in science has been better studied and is well established, we will look at those first, then show how typical engineering articles differ, followed by a justification of the need for a new designation for the prototypical format of engineering articles based on systematic differences between science and engineering. In section 2.3 I will discuss how variation in research methodology leads to predictable differences from the prototypical format within a field or sub-field.


2.2.1 IMRD and modified IMRD (IMRaDC) formats

Science research articles usually have four sections and use general section titles. The Results and Discussion comprise the longest and most important part of the article, particularly if tables and figures are included. This is illustrated from two sample articles, which I will refer to by shortened titles rather than authors’ names, for ease of recognition.1


Throughout this book I will use the term “section” to refer to the actual named sections of an article, and “division” when referring to the conceptual units of a format. A division sometimes contains several sections.


“Section”—the numbered and named portion of a research article;

“Division”—a conceptual unit, including one or more sections.



The section numbers, titles, and length of each section for an article from a microbiology journal are shown in Table 2.1 (Kleinheinz et al., 2009). For this article, the section titles follow the prototypical format for science articles, matching the division names taught in almost all textbooks on scientific writing: Introduction, Materials and Methods, Results, and Discussion (IMRD). Subsection titles, on the other hand, are specific to the article. Comparing the length of divisions in this article, we find that in word count the Results division constitutes over half of the article, although the paragraph count is only one third, because of the extensive tables.


In IMRD, there are usually four sections, with general titles closely related to the division names. Results and Discussion are the longest divisions.



This format may be modified, as shown in Table 2.2 for a chemical engineering article (Peng et al., 2017). Here the Results and Discussion are combined into one section, with a separate Conclusion. This modified IMRD format (Introduction, Materials and Methods, Results and Discussion, Conclusion) we will call IMRaDC.2 In this article, both the second and third section are divided into numbered and named subsections. Although the name of the second section is “Experimental section,” a general title common in this journal, it clearly describes the materials and methods used, and would also be referred to as the Materials and Methods division.3 Over half of the article is in the Results and Discussion.


Table 2.1  Section titles and length in an IMRD article, “Effects of rainfall”

[image: image]





Table 2.2  Section titles and length in an IMRaDC article, “Pt-Ni nanocage”
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Each division has a specific purpose. In IMRD (or IMRaDC) format the purpose of the Introduction division is to demonstrate the importance of and need for the work and to state the research goal. This places the current research in the context of what has already been done. In a few fields there may be a separate second section for literature review within the Introduction division.


The Introduction division in IMRD situates the current research relative to previous research and states the research goal.



This is followed by the Materials and Methods division, which provides details about how the research was done. This may be divided into subsections to make it easier for readers to find certain information, which in natural science may include materials purchased, material preparation procedures, material characterization, data collection procedures, and data analysis procedures (often including statistics). Specific topics will vary by field and research method.


Subdivisions are common in the Materials and Methods division, but specific topics vary by field and research method.




Data summaries are provided in the Results division, often in tables or graphs, sometimes with accompanying statistical test results. Interpretation of that data is found in the Discussion. If the two are combined, there is almost always a separate Conclusion to summarize the main points of the article, often by answering the research questions, if that is how the goal was stated.


Data (evidence) and interpretations (inference) are in separate sections in IMRD, but combined in one section in IMRaDC.





2.2.2 IPTC and modified IPTC (IPC) formats

Unlike science, engineering articles usually have more than four sections, with several section titles specific to the research. Moreover, the new design presented in the second division is the focus. Other differences will appear as we look more closely at each division.


In IPTC, there are usually more than four sections, many with titles specific to the research. The second division, describing the new design, is the longest.



To highlight these and other differences that will be described later, I propose a new format, IPTC, with division names analogous to IMRaDC, as shown in Table 2.3. To justify why this is necessary we must examine how the analogous divisions differ. Since neither the section number nor titles match IMRD, we will first consider how to assign sections to divisions.

There is quite a bit of variation in the first division of IPTC format. Like IMRD, the purpose of the Introduction is to establish the importance of and need for the work and to state the research goal. Almost all engineering articles begin with a section titled Introduction. Some articles also have a second section that contributes to this purpose, just as a literature review would in social science. Other Introductions are a single section, but that section may be over a page long and contain tables and figures, very rare in IMRD. The shortest Introductions may be only one or two paragraphs, with no citations of previous work. Each journal tends to have Introductions with a similar length and structure, but there is great variation between journals.


The Introduction division in IPTC may be as short as one paragraph with no citations or several pages long with graphics. It may include more than one section.





Table 2.3  Analogous divisions in IMRaDC and IPTC formats
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The second division, the focus of the paper and therefore usually the longest, describes the current research, whether it be development of a new Product or a new Process. The analogy between these names and Materials and Methods should be clear, but most IPTC articles report the development of only one entity, as reflected in the use of the singular and “or” rather than “and.” In natural sciences the name of the second division is often shortened to Methods, a convention I will follow throughout this book. Similarly, I will refer to the second division of IPTC as Process.


The second division in IPTC, which is usually the longest, describes the new Product or Process in one or more sections with descriptive titles specific to the research.



The third division discusses the testing of the new solution and how it compares with the current best solution or a standard. This is comparable to a combined Results and Discussion division. Although many articles use some variant of the term Experiment, Testing is a better name because the test rarely fits the current preferred definition of an experiment, which involves manipulation of an experimental variable and measuring the effect on a response variable. This is undoubtedly a result of lax use of the term experiment in many science textbooks and laboratory guides to denote any sort of data collection. It may also reflect that the definition of experiment has changed over time (Bazerman, cited in Swales, 1990: 113).


The Testing division in IPTC is comparable to a combined Results and Discussion division. It may include several sections.



A brief Conclusion summarizes the contribution of the article to the field. This corresponds to the Conclusion in IMRaDC or the final paragraph or two of the Discussion in IMRD.


The one- or two-paragraph Conclusion summarizes the contribution of the article to the field.




Now we will apply these principles to identifying the divisions of three engineering articles, beginning with one from electrical engineering, shown in Table 2.4 (Sayginer & Rebeiz, 2016). The section numbers and titles are written in the style used by the journal. Section II is assigned to the Introduction because it gives background on the standard architecture rather than details about the current work. Section III, the new method developed and described in the article, comprises almost half of the total paper, whereas the corresponding Method division accounted for less than 25% of the IMRD articles. Sections IV and V describe how the new design is tested and the results of those tests, respectively.

Next, in Table 2.5, we will look at an article from computer science and information engineering (Hu et al., 2013). Again, there is a second section in the Introduction that describes Related Work, a section title common in computer science. There are three sections in the Process division, comprising more than half of the article. The first, Preliminaries, explains the mathematical terms and procedures used in the current research, followed by two sections describing the current research. Testing methods and results are presented in section 6, followed by a separate Discussion, rare in engineering articles.

Finally, another electrical engineering paper is shown in Table 2.6 (Tsai et al., 2011). This paper differs from the previous two because the contribution of the work is a new mathematical procedure and its proof. Since mathematical proof does not require empirical testing, there is no testing division, resulting in an IPC structure. Since there is no Testing, and only a short Introduction and Conclusion, the Process division accounts for most of the article.


Table 2.4  Section titles and length in an IPTC article, “Eight-element receiver”
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Table 2.5  Section titles and length in an IPTC article, “Spatial query integrity”
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Table 2.6  Section titles and length in an IPC article, “On 4-ordered 3-regular graphs”
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Several basic differences between IMRaDC and IPTC formats are illustrated in Figure 2.1.4 Remember first that although the section names of the former are usually general, section names for the middle two divisions of IPTC tend to be specific to the research. Thus, whereas IMRaDC is the final structure of the paper, IPTC is a scaffold to help you understand or build the structure.
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Figure 2.1  Overall shape and relative length of divisions in IMRD and IPTC formats.




Next, the length and shape in the figure indicate the relative length and breadth of each division. As we saw above, whereas IMRD focuses on Results and Discussion, in IPTC the new Product or Process frequently accounts for half the length of the article. Furthermore, IMRD papers often have an “hourglass” configuration.5 Starting with a broad overview of the history of the field, they gradually become more specific until they reach the focus of the current research. Then the bulk of the paper focuses on the current research, but the Conclusion frequently broadens again to applications of or future directions for the research. IPTC papers, although they also focus from broad to narrow at the beginning, tend to talk less about future extensions of the work. Again, these are general statements that may not be true for each article. For example, if an IPTC article combines two established methods, the Process division may be shorter, since both have been described before, and the Testing division longer.



2.2.3 Why a separate format?

Since IPTC could be conceived as simply another modification of the well-known IMRD structure, with more sections, more specific names, and an emphasis on the second division, the obvious question is why a new designation is needed. Taxonomy is always an ontological issue, generating a debate between “lumpers” and “splitters,” whether in biological species (Rau, 2012: 125, 132) or genres of academic writing (Swales, 2004: 63–65).


Unfortunately, every recent book on academic writing has presented the IMRD format from the perspective of quantitative empirical science, in which the Results section dominates and directs the structure of the rest of the paper, with Methods relegated to a minor status. Nothing that has been written on IMRD in the last 50 years matches the actual features of a prototypical engineering article, to be described in detail in the next several chapters, in which the Process division is the longest and most important part of the paper. Rather than trying to broaden the deeply entrenched understanding of IMRD and then trying to distinguish IMRD1 from IMRD2, it is easier and clearer to propose a new name for the analogous structure, and the difference is easily understood by students (Rau, In preparation).


Prototypical engineering articles do not match past descriptions of IMRD.

Rather than trying to differentiate IMRD2, I propose a new designation, IPTC.



The distinction between the two formats can easily be explained by considering how the goals of science and engineering differ. Science asks questions (Introduction) and seeks to develop explanations (Discussion) based on an analysis of the data (Results), whereas engineering defines problems (Introduction) and seeks to develop solutions (Product or Process) which are compared with the current best solution (Testing), definitions based on the Next Generation Science Standards (Rau & Antink-Meyer, 2020).


Science asks questions and develops explanations based on data; engineering defines problems and designs superior solutions.



A summary of the focus of each division of the paper will serve to highlight both the similarities and an important difference between IMRD and IPTC (Figure 2.2). Note that the focus of the IMRD format is on the data generated and their interpretation. Therefore, the longest and most important part of the paper is usually the Results section, where a summary of those data is presented, or sometimes the Discussion section, where they are explained. On the contrary, the focus in the IPTC format is on the new design, the new Process or Product that is described, so this is the longest and most detailed part.



2.3 Variation in research article formats




[image: image]

Figure 2.2  Summary of the focus of each division in IMRD and IPTC formats.




So far we have only considered the prototypical formats of science and engineering, but even a quick look at research articles will reveal that there is substantial variation in format within a field, often within a sub-field, and even sometimes within a single journal. In this section I will present a framework for understanding a likely cause of that variation. Since this is more theoretical, if your exemplar articles fit the prototypical pattern you may skip this section and come back to it later, after you understand the basic structure better.

The foundation of this framework is the idea that our
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