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Foreword

Imagine that you have just made a great discovery. This achievement is the re-
sult of months or even years of dedicated work on your research project. You
studied others’ published results. You went to the laboratory several times. You
did an uncountable number of experiments, simulations, and data analysis. These
efforts have led you to reach a meaningful conclusion, a novel result. Now, it is
time to share your findings with the world. It is time to publish. As you may
have learned from your peers, research remains incomplete until it is published
in a peer-reviewed journal. And if the journal has a strong reputation, it helps
advance a career. But how do you publish your findings in a high-quality jour-
nal? Are you confident in navigating this process? This book is designed to guide
you in utilizing generative artificial intelligence (AI) to write a compelling paper
for a peer-reviewed journal. When used ethically, generative AI can enhance your
writing skills and improve various types of texts. However, if used unwisely, gen-
erative AI can harm your reputation. This book aims to help you avoid common
pitfalls and mistakes associated with generative AI.
This book shows examples illustrating how to improve your writing with gen-
erative AI. You will then gain confidence in your writing. All authors dream
of communicating their discoveries in clear, accurate, persuasive arguments. In-
terestingly, generative AI can help you achieve these goals. Whether you are a
student, a researcher, or a professor in applied sciences, this book will help you
use generative AI to write an engaging paper that will ultimately get published
in a peer-reviewed journal.

Is this text generated by AI? No. It is not. The author wrote it. However, the author
used generative AI to polish the text with respect to misspellings and grammar.
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Preface

You picked up this book because you want to write a scientific paper or monograph.
Chances are you are a researcher ready to share your findings. Maybe you are a pro-
fessor or a supervisor who wants to guide your students in their writing endeavors.
Or maybe you are a practitioner interested in how scientific writing takes shape and
gets published.

Writing is the final step of any scientific endeavor. Once you have discovered
something relevant, you decide it is time to publish. You have learned that scientific
discovery has no value if it is not shared.

Sharing your discovery represents a chance to tell the world how interesting it
is and what you have learned from it. Sharing your discovery is your duty as a re-
searcher. Even if you are in doubt whether it is of minor importance, let the research
community know it and judge it. Share your findings. Not only will you enhance
your reputation as a scientist, but your discoveries can also be utilized by peers and
practitioners to advance science and benefit society.

Publishing your discovery in the form of a scientific article is not easy. It is
challenging, especially if your goal is to get published in a high-quality journal.
Remember that our work will not be published in a peer-reviewed journal if we—
authors—do not write it well. To Editors, sloppy writing means sloppy thinking,
and both damage the authors’ credibility. Editors’ confidence in the authors’ talent
vanishes almost instantly under poor writing.

That fact is somewhat related to a big mistake committed by many Ph.D. stu-
dents: they believe that writing is an activity to be done at the end of research. In
their minds, what is important is the research by itself. Writing is not a priority.

They claim their duty is to do science, thus neglecting writing. Curiously, Charles
Darwin shared the same opinion when he said that “a naturalist’s life would be a
happy one if he had only to observe and never to write;” see the quote in [120, p.
447]. However, there is no escape: writing scientific papers is on the list of the top
researchers’ obligations.

No doubt that most researchers are not trained sufficiently well in writing. While
in graduate school, we must attend complicated courses that teach us statistics, data

vii



viii Preface

analysis, and other complex methods related to our scientific field. We almost never
have had a writing course.

We acknowledge that writing is not a popular activity anyway. Most people con-
sider it difficult. Rare are the ones who can write well and quickly at the beginning
of their scientific careers. Also, rare are the ones who can write a high-quality sci-
entific paper in just one or two weeks. Writing takes time. Putting ideas into text
demands a lot of effort.

In academia, writing well is often perceived as a skill researchers inherently pos-
sess, as if it were a magical talent bestowed upon them from birth. However, this
perception is far from the truth. Writing well is a skill that we can learn, improve,
and hone through practice. How to write well is a skill that each one of us has to
master through practice.

Practice shapes our writing craft. If you are a science student committed to seri-
ous research, you should start learning how to write well as soon as possible. Writing
is an activity that should be done along with research. While conducting laboratory
experiments and data analysis, researchers must document their methods, strategies,
and preliminary results. Why not document that in a written, well-crafted report,
possibly adapting it to a journal’s submission template? Having something written
during the journey speeds up the process of writing the final report or paper.

Integrating writing into your research timetable is an effective strategy. Writing—
and practicing it along the journey—help us develop skills, which appear only when
we practice it, much like the stronger muscles we develop when going to the gym
regularly.

Nowadays, we have no excuse not to improve our writing skills. Thanks to novel,
revolutionary tools, it is easier than even to become a better writer. Novel computer
and technological tools make our writing simpler and faster. These modern tools,
especially in computing, make writing quicker and simpler. In particular, one type
of tool—studied in this book—is called generative artificial intelligence (AI)

Generative AI tools have reached a high level of sophistication. For instance,
generative AI can (i) create pieces of text, thus removing authors’ block; (ii) refine
authors’ ideas, thus speeding up the writing time; and (iii) act as copyeditors, thus
polishing authors’ text with respect to misspellings, grammar, and style. Generative
AI can even mimic the writing style of famous researchers.

As shown in this book, generative AI can help authors to increase productiv-
ity while enhancing the quality of their manuscripts. However, using generative AI
can be dangerous. Using it inappropriately can damage the author’s reputation and
credibility—we will cover these situations in the book.

The takeaway message is that we can benefit from generative AI, in ethical ways,
as accepted by academia. We can apply generative AI to improve our own text, as
explored in the next chapter.



Chapter 1
Artificial Intelligence

Alessandro N. Vargas

Abstract: This chapter examines the evolution of artificial intelligence
(AI) in language modeling, from early deterministic methods to probabilis-
tic approaches and modern neural networks. The chapter revisits key con-
cepts such as Markov chains, the Turing test, and natural language models.
It discusses AI’s societal impact and applications in language processing.

1 A new reality: artificial intelligence

So far, we have been told that only people can read, write, talk, listen, and commu-
nicate through language. These abilities characterize us as human beings. However,
during the last few decades, researchers have succeeded in transferring some of
these human traits—at least partially—to machines, in an incessant quest to make
machines seem ‘alive.’ As an idea largely propagated in sci-fi movies [145], a ma-
chine incorporating ‘human intelligence’ seems impossible, even though what con-
stitutes intelligence over machines has been a topic of intense debate [18, 32, 83,
102, 143].

The idea of machines having intelligence dates back to the 1950s, when a British
mathematician named Alan Mathison Turing proposed a method to assess whether
a machine is intelligent. Turing asked a person to become an evaluator, and the
evaluator’s task was to chat with an entity that could be either a computer or a
person. That chat occurred only through text because Turing wished to evaluate
only the linguistic abilities of the machine. The entity then generated pieces of text
according to the evaluator’s request.

Once the chat was completed, the evaluator guessed whether the piece of text
came from a computer or a person. If the computer could systematically fool the
evaluator, then it would pass the test and be considered ‘intelligent.’ The test did not
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2 1 Artificial Intelligence

require that a computer produces correct answers; what Turing investigated was the
computer’s capability of generating human-like content [47].

Turing test to determine what is an intelligent machine has raised a lot of con-
troversy over the years because it does not consider certain traits like creativity and
consciousness [47]. Even if we boil down the discussion to a specific area, for ex-
ample, semantics and linguistics, we keep seeing strong debate [144]. This debate
has its origin in understanding what defines human reasoning (e.g., [143, Ch. 10]).

If we turn our discussion into ‘reading,’ we can present some insights. As we all
know, to grasp a sentence’s meaning, we must get information about the writer’s
intention. A clue that helps us get the writer’s intention is to read the entire sentence
and connect it to a broader context. This context usually depends on what appears
before and after the sentence.

We reason in this way. We create meaning by connecting information back and
forth. Sometimes the reasoning follows in a serendipitous, inexplicable way. How-
ever, reasoning produced by machines is incomplete—as researchers claim. Accord-
ing to them, machines can pass the Turing test but do not have a conscious mind [47,
p. 121], [144]. Still, a point of consensus is that the Turing test inspired many re-
searchers to create smarter machines, thus increasing machines’ abilities to mimic
human language.

Not too long ago, researchers attempted to mimic human language through mod-
els that accounted for deterministic rules, like if-then-else, for parsing sentences
(e.g., [62]). They soon realized, though, that language is too complex to be rep-
resented by a set of deterministic rules. Words may have two or more meanings.
Sentences can be ambiguous. Ideas can be complex. As a result, computers running
under deterministic rules were unable to capture the rich nuances and subtleties of
language [99].

The rigidity of deterministic rules led researchers to think differently. In the early
90s, researchers changed how they approached language models: they shifted their
investigation to statistics and probability models [143, Sec. 1.3.6]. Researchers re-
alized that the nature of language is varying and random, and a probabilistic ap-
proach could better incorporate the randomness of language into machines (e.g.,
[39, 83, 108, 128]).

Researchers’ shift to a probabilistic approach proved to be a wise move [143, Sec.
1.4]. Before presenting arguments in favor of this claim, let us first recall certain
historical aspects of computer sciences.

In 1956, the term artificial intelligence (AI) was used for the first time in a two-
month workshop held at Dartmouth College in Hanover, New Hampshire. The event
was organized by John McCarthy, Marvin Minsky, Nathaniel Rochester, Claude
Shannon, and others [143, Sec. 1.3.1]. The event aimed to bring together researchers
to discuss how machines can become smart. Since that seminal workshop, AI has
taken two steps: (i) from deterministic models to probabilistic models; and (ii) from
probabilistic models to data-driven models; see the monograph [143] for a compre-
hensive history review of AI.

The term ‘AI’ has been used to refer to any machine that seems smart, often
leading to misinterpretation [66, p. 1319], [83], [143]. Even so, AI is popular—it



2 How language models work (and why it matters) 3

is featured everywhere. News media provided widespread coverage of AI and its
applications [32, 92], which has helped AI gain popularity [107].

Some news agencies and media organizations express fair concerns about AI and
its use. For example, media agents often engage in heated discussions about the
use of AI, even recalling ideas from sci-fi movies that depict machines taking over
humans [107]. Although this scenario seems unrealistic, we have seen more and
more cases in which AI approximates or even surpasses human competence [116].

Perhaps one of the most memorable milestones of AI surpassing human compe-
tence happened in 1997: IBM supercomputer Deep Blue, powered by an AI model,
defeated the chess master, former world champion Garry Kasparov [73]. The de-
feat of Kasparov brought worldwide attention to the potential of AI for industrial
applications. Since then, AI models have become more complex, requiring more
investments in research and technology.

To expand AI applications, industries have invested around U$ 160 billion, a
budget estimated for the year 2021 alone [184, Fig. 2, p. 3172]. Industries have then
deployed AI applications to dominate their respective markets, in ways we hardly
perceive [107]. For instance, Amazon.com uses AI to tailor specific products accord-
ing to consumers’ visited web pages; Spotify.com uses AI to create a list of songs
that fits consumers’ musical preferences; Netflix.com uses AI to suggest films
that grab the viewer’s attention; Youtube.com uses AI to maximize the number of
viewers according to video content; PayPal.com uses AI to detect fraud in transac-
tions; Waymo.com uses AI in autonomous vehicles; Uber.com uses AI to optimize
distance and location between drivers and passengers; see [89] for the implications
of AI for today’s society, and [143] for other technical aspects of AI.

Industries have been laying off workers, diminishing their workforce, as certain
AI applications can do the work previously done by humans (e.g., [92, 175]). More
and more AI applications with the potential to replace humans have been reported,
such as in speech recognition [69], face recognition [102], language translation [63],
ancient-text recognition [98], command-by-voice activation of services [150], and
even unveiling new drugs [66]. AI has reached a point where it can generate creative
content on its own, like poems, stories, and music [26, 56, 128]. Curiously, all of
these activities were once considered exclusively human.

The point of this book is not to claim AI as an enemy. This book’s goal is to show
how scientific authors can benefit from AI, as detailed in the sequence.

2 How language models work (and why it matters)

Language models are mathematical tools that help us understand how words and
sentences stick together to form a meaningful piece of text. Language models have
found applications in different fields, all of which attempt to decipher how people
interpret and process information [18, 56, 176].

Where did the idea of a language model come from? To answer this question, we
revisit an event that happened more than a century ago.

Amazon.com
Spotify.com
Netflix.com
Youtube.com
PayPal.com
Waymo.com
Uber.com


4 1 Artificial Intelligence

In 1913, Andrey Andreyevich Markov, a brilliant Russian mathematician, de-
cided to play with one of the greatest novels of Russian literature. Markov came up
with a curious conjecture: what if probability could be used to explain the statistical
regularities of language? Markov was making progress on the theory of probability
while contributing to real-world problems, like that of deciphering language [11].

To test his idea, Markov took a copy of the verse novel “Eugene Onegin,” a
masterpiece of Russian literature by Alexander Pushkin, published between 1825
and 1832. Markov took the first twenty thousand letters from the verse novel and
wrote them down in a long string without any spaces or punctuation marks [11,
p. 19]. Next, he classified the letters into two groups: consonants and vowels. His
idea was to identify whether the letters followed any pattern—how consonants and
vowels were distributed in the text.

After he annotated a letter, he observed that the probability of seeing the subse-
quent letter as a consonant depended on whether the current letter was a consonant
or a vowel. In other words, the probability of observing a pair of letters, such as
consonant–consonant, consonant–vowel, vowel–consonant, and vowel–vowel, was
quite different from the probability of picking up a random consonant or vowel.
What he found was that the chance of seeing a consonant or vowel depended on
what was the previous letter. In summary, Markov saw dependence among succes-
sive letters.

Although this fact may seem intuitive to us today, it was not known at that time.
Markov reported this finding in 1913 to the Royal Academy of Sciences, St. Peters-
burg, and published his findings in the paper [109].

Markov’s finding was striking because it pointed out that the probability of an
event happening now might be linked to what happened immediately before. In
precise terms, Markov property (also known as ‘memoryless property’) states that
the entire history of previous events can be discharged because what matters in terms
of probability was the previous event and the current one.

Markov formalized this finding in a probabilistic structure—this structure has
been called simply as the Markov chain (e.g., [11, 19, 169]). A Markov chain takes
values from a finite set, and the elements of this set are associated with known
probabilities. For the particular study of letters, the set contains only two elements:
consonant and vowel.

Markov’s findings opened up new horizons for the scientific community—the
discovery of the Markov chain changed how researchers interpret probabilistic
events [74]. Markov chains have reached widespread use in today’s society, even
though we might be unaware of that. For instance, Markov chains have enabled
Google to implement its search algorithm [178]; in other words, Markov has indi-
rectly contributed to Google’s success [170]. Other applications of Markov chains
can be found in chemistry [14], music [19], biology [104], weather forecast [155],
speech recognition [88], text generation [172], among others [169].

At this point, you might be questioning why it is necessary to discuss Markov’s
discoveries in this monograph. That is a fair question. Recalling Markov and his
discoveries, we can contextualize better how researchers have used Markov’s find-
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ings to model the patterns of language. Attempts in this direction have consolidated
a research area called natural language modeling.

3 Natural language modeling

Methods for natural language modeling emerged as a direct consequence of attempts
to mimic the human ability to produce and interpret texts. During the 1980s, re-
searchers considered the assumption that natural language obeys certain rules, and
these rules could be translated into the underlying Markov chain. The literature con-
tains thousands of papers documenting researchers’ attempts to handle words and
groups of words as elements of Markov chains [39, 86, 108]. However, they soon
realized that Markov chains were inadequate to capture the intricacies and nuances
of natural language.

In the middle of the 1990s, researchers moved investigation from Markov-chain
models to a newer approach called neural networks [143, Sec. 1.3.5], [57]. Despite
the name, ‘neural networks’ have nothing to do with the biological structure that
makes our brains work. It has been a jargon created by computer scientists to refer
to a particular nonlinear model [85].

This nonlinear model contains many scalar-weighted numbers that are intercon-
nected to generate nonlinear functions. These numbers have received the fancy name
‘neurons,’ and a model can have as many neurons as the computer scientist who is
programming the model wishes [85]. The procedure computer scientists follow to
determine those scalar-weighted numbers is called ‘training.’ As expected, training
requires a large amount of data and computer processing.

When applied to texts, neural networks tend to produce unnatural outcomes, even
when the training considers groups of N consecutive words, where N is greater than
one [57, Ch. 13, p. 158]. While increasing N can improve the results a little bit,
it can create certain drawbacks. For example, increasing N makes the model more
complex, requires more data, and consumes more computing power.

Despite the advances, researchers have not limited their investigations to neural
networks. Indeed, they have been creating other kinds of sophisticated models that
could benefit from the huge amount of data and texts available on the internet; see
[39, Ch. 7.4], [2, 56, 108, 172] for further details; see also [143] for a comprehensive
review of these models.

Note that these models have been categorized under tech-like names, such as
‘machine learning’ [56, 83], ‘deep learning’ [102], ‘reinforcement learning’ [176,
139], ‘transformers’ [128], etc. All of these names and their corresponding models
have been categorized by the news media simply as ‘artificial intelligence’ (AI)
[143].
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3.1 Application of AI: ChatGPT

One of the most striking advances in artificial intelligence (AI) was made public
in November 2022 by a research company called OpenAI, based in San Francisco,
CA. Founded by Sam Altman, Elon Musk, and other tech leaders, OpenAI created a
groundbreaking language model known as the Generative Pre-trained Transformer
(GPT). OpenAI later refined this model for interactive use through a chat-based
system, releasing it as a product called ChatGPT [128].

OpenAI initially launched ChatGPT in version 3.5, free of charge, at chat.
openai.com. Subsequently, newer versions of ChatGPT were introduced, though
the most advanced version is available only via a paid subscription at the time of
writing this chapter.

ChatGPT functions as a text-based conversational tool: users input queries, and
the model generates responses based on the provided input. The chat interface is
user-friendly, minimalistic, and retains a history of prior conversations.

ChatGPT’s capabilities are far from simple. In fact, its underlying model is im-
mense in size and astonishing in scope. It was trained on hundreds of billions of
words, apparently sourced from the internet, resulting in a model with approxi-
mately 175 billion parameters in version 3.0 [49], and an estimated 100 trillion
parameters in version 4.0 [18]. Within two months of its release in November 2022,
ChatGPT had attracted 100 million users [164], an extraordinary milestone.

Training ChatGPT’s model demanded substantial investment. For instance, Mi-
crosoft provided OpenAI with 1 billion in funding in 2019, followed by an additional
10 billion in 2023 to support its development, according to news reports.

ChatGPT demonstrates remarkable writing capabilities, generating sophisticated
content that often appears indistinguishable from human-written text [65, 124]. In
one study, scientists utilized automated code powered by ChatGPT to analyze data
and independently write a scientifically sound paper [30], marking a significant
achievement.

ChatGPT also outperforms humans in certain knowledge assessments. For exam-
ple, it scored higher than 90% of test-takers in the USA Uniform Bar Examination,
a crucial test for attorneys [128]. Additionally, it achieved 60% accuracy across a
series of medical exams required for physician licensure in the United States [94].

Even more surprisingly, ChatGPT surpasses humans in identifying and describ-
ing people’s emotions [42, p. 5]. This intriguing ability could encourage clinicians
to adopt ChatGPT as a support in mental health treatment.

This book delves deeper into how ChatGPT can enhance scientific writing and
its broader applications.

3.2 Transformers

A white paper distributed by OpenAI (not peer-reviewed) sparked significant ex-
citement within the AI research community; this paper introduced the model known

chat.openai.com
chat.openai.com
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as transformers [168]. According to the authors [168], transformer models greatly
enhance the capabilities of neural networks by employing three key components: an
encoder, a decoder, and attention mechanisms.

The encoder processes input text, converting it into numerical representations.
The attention mechanism ensures both meaning and context are preserved by identi-
fying relevant parts of the numerical representation and discarding less critical ones
[48]. This information is stored in multiple layers, allowing for intricate processing.
Finally, the decoder generates the desired output text by interpreting the processed
data.

It seems that transformer models were first described by Google researchers in
2018, within a model called BERT [33]. Still, transformer models helped Google’s
competitor, OpenAI, to leverage ChatGPT-3.5 (see Section 3.1). OpenAI claims that
ChatGPT is a large language model [128], and the ‘T’ in its name stands for trans-
formers.

In conclusion, modern language models rely heavily on probabilistic principles,
whether derived from Markov chains or other methods. Unsurprisingly, products
like ChatGPT exhibit behavior akin to a Markov chain, where words are concate-
nated as if originating from a sequence of probabilistic events. The next chapter
presents evidence suggesting that ChatGPT’s text generation follows a pattern con-
sistent with random chain sequences.





Chapter 2
Generative AI in practice

Alessandro N. Vargas

Abstract: This chapter examines how generative AI, specifically Chat-
GPT, can be used to enhance scientific writing. ChatGPT can improve
communication by helping make the text clearer, coherent, and grammat-
ically sound. ChatGPT proves particularly useful for non-native English
speakers, as it shows the ability to polish texts. The chapter also under-
scores critical limitations, such as occurrences of factual inaccuracies and
hallucinations. These issues suggest that ChatGPT should be utilized as an
assistant, primarily to aid writers in refining their texts, rather than as a sole
or authoritative source.

How does generative AI work? The answer is that generative AI works over a
computational model, and it interacts with users through a textual chat, also called
chatbot. So far, the largest model available is GPT. However, it does not explain
how it can produce sophisticated texts without human intervention. We explore this
capability—at least partially—in the sequence.

1 ChatGPT runs over a probabilistic model

In Section 1.2, we emphasized that almost all language models work as (or are
inspired by) Markov chains. In this chapter, we conjecture—and present evidence
suggesting—that ChatGPT functions in a manner resembling a Markov chain.
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Undoubtedly, our conjecture oversimplifies GPT’s actual model [128]; however,
we cannot check which model ChatGPT runs in practice because OpenAI does not
reveal its code.

While OpenAI keeps its coding secret, OpenAI’s team revealed a small hint—the
team wrote a report stating that ChatGPT is a “transformer-style” model [128]. Even
though some knowledge about transformer models has been shared in the scientific
community [48, 148, 168], it is unclear what the term ‘style’ refers to, as OpenAI
has not explained it [128].

The only thing disclosed so far is that OpenAI trained the ChatGPT’s model using
human feedback (see openai.com/blog/chatgpt). Nevertheless, the extent and
nature of this human intervention remain unclear. What the report makes clear is that
the ChatGPT’s model generates a statistical prediction of the next ‘token’ (a token
is a word or a group of words [39]). This statistical-prediction behavior of ChatGPT
leads us to conjecture that ChatGPT mimics a Markov chain.

Under this conjecture, for any given token, ChatGPT’s model issues a corre-
sponding big-size vector of tokens. Each token in this vector is associated with a
probability. The model selects the token with the highest probability, displays it on
the user’s screen, and repeats this process to form a chain of tokens. This token chain
subsequently forms sentences and paragraphs.

To illustrate this point, suppose you want to write a text about your personal
experience related to sleeping patterns. A sentence you might write is as follows.

I woke up this [. . . ].

Which word should you use in place of [. . . ]? It could be morning, afternoon, day,
or any other word that makes sense to you. The word you will choose then takes
into consideration the previous words; these words followed a chain, presented in a
fixed order: I↔woke↔up↔ this↔ [. . . ].

The word that could fill the gap varies (see Prompt 2.1), but it cannot be ‘pencil’
because this word does not fit logically.

Prompt 2.1: ChatGPT-3.5

>> In English. Give me only essential information. Please consider the phrase:
”I woke up this [. . . ]”, where [. . . ] represents a word. Please show me a list
of the 3 most likely words that could appear and better fit in. Arrange these 3
words from the least common to the most common in the first position. Show
examples of usage in complete sentences.

If you decide to ask for assistance from a language model and let it generate
text by itself (Prompt 2.1), it is important to consider one key factor: the language
model chooses words based on an underlying probability vector. To put it simply, the
language model chooses the most likely word within a given probabilistic context.
Word by word, sentence by sentence, the model follows the most likely (probabilis-
tic) sequence of events.

openai.com/blog/chatgpt
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Answer 1: (from Prompt 2.1)

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Here are the three most likely words that could appear in the phrase ”I woke up this
[...]” arranged from least common to most common:
1. ”morning”
Example: I woke up this morning feeling refreshed and ready for the day.
2.”time”
Example: I woke up this time and realized I had overslept.
3. ”day”
Example: I woke up this day with a sense of excitement for the adventures ahead.
Please note that the order of these words from least common to most common is based
on their general frequency of usage in this context.

Caution. Language models like ChatGPT do not remain consistent in their
answers. You can ask the same thing twice, and the corresponding answers
can be completely different [117]. Be careful.

2 ChatGPT can fabricate information and hallucinations

Beware of relying on generative AI, as it can fabricate information. It makes up
things that sound true but are not (Fig. 1). The reason why ChatGPT fabricates
information remains unclear—this feature may be tied to its probabilistic model.

The authors of [29] asked ChatGPT-3.5 a simple question multiple times: whether
17077 is a prime number. We know the answer is positive: ‘17077 is a prime num-
ber.’ Strikingly, ChatGPT-3.5 gave the correct answer in 86.6% of the runs but failed
in 13.4%, even though the same question was asked in all instances. For this partic-
ular question, ChatGPT-3.5 went through a probability of success and failure, like
a binomial process. This suggests that ChatGPT-3.5 operates under a probabilistic
structure (see [29]).

The fabrication of information by language models is an old problem, commonly
referred to as ‘hallucination. Instances of hallucination from language models have
been widely documented [22, 29, 99]. For example, the authors of [5] tasked Chat-
GPT with generating articles on medicine-related topics and found that it produced
texts filled with incorrect information and nonexistent references. An article full of
hallucinations. OpenAI issued a warning to users that ChatGPT can generate frag-
ments of text with hallucination [128].

In addition to hallucinations, ChatGPT’s answers may vary over time [29, 117].
At times, it gives correct answers, yet on other occasions, it gives incorrect ones.
As a result, anything that ChatGPT tells us might be wrong or inaccurate. This
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Fig. 1 ChatGPT: fabrication of information. The screen shows ChatGPT answering that “one
pound of bricks is heavier than two pounds of sand.” This statement is wrong.

is disappointing. We must always double-check the accuracy of the information it
generates.

OpenAI recognizes that ChatGPT has not yet reached the level of generating fully
reliable information; see OpenAI’s comments at openai.com/blog/chatgpt.
Perhaps the root cause of ChatGPT’s tendency to fabricate information lies in its
probabilistic structure. Therefore, users must approach the content generated by
ChatGPT with care and critical thinking. The model has the potential to produce
text that contains inaccuracies, errors, and biases.

The responsibility for identifying fabricated information falls entirely on us. This
is undoubtedly disappointing. We have used computers with the assumption that
they will not fail. However, ChatGPT is fundamentally different—it can and will
make mistakes, as it is inherently prone to error.

openai.com/blog/chatgpt
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Caution. ChatGPT can create hallucinations for any kind of query [22, 29,
128]. Be careful.

3 ChatGPT ‘version 4’ running with Microsoft Bing

At the time of writing this monograph, ChatGPT-4 is the latest version released
by OpenAI, available exclusively to users who subscribe via the website chat.

openai.com.
Empirical studies provide mixed findings on its performance compared to ChatGPT-

3.5. While one study indicates that ChatGPT-4 outperforms its predecessor in
medicine-related topics [163], another study highlights its limitations in mathematics-
related tasks [29]. Regardless of which version proves superior, users would benefit
greatly from having free access to both.

Fortunately, there is an alternative for accessing ChatGPT-4 without cost, made
possible through a partnership between OpenAI and Microsoft. By using Microsoft
Bing, a free search engine owned by Microsoft, users can interact with ChatGPT-4
via an integrated console (see Fig. 2).

For simplicity, we refer to this tool as Bing-ChatGPT. It combines the functionali-
ties of a search engine and a text generator (unlike ChatGPT-3.5, which lacks search
engine capabilities). Through this console, users can interact with Bing-ChatGPT
and request information on any topic.

Bing-ChatGPT retrieves information from the internet and combines this infor-
mation with ChatGPT’s abilities to create informative responses. In the responses,
Bing-ChatGPT often presents links to where users can find more information.

Using Bing-ChatGPT follows the same procedure as using ChatGPT: after re-
ceiving a response, users need to critically analyze the text and determine its rele-
vance and accuracy. While the generated text can serve as a helpful draft, it should
never be presented as our own text, as doing so constitutes plagiarism (see Section
8). Exercise caution in this regard.

Bing-ChatGPT offers a convenient way to utilize ChatGPT-4 at no cost. Its web-
searching capability is a significant advantage, as it summarizes information from
multiple sources, eliminating the need to browse numerous websites for the desired
content. This feature enhances productivity by saving time when searching for in-
formation online.

This monograph includes several examples of Bing-ChatGPT in action.

4 Bing-ChatGPT as a copy editor

Researchers dedicate countless hours to conducting research—that is their primary
responsibility. However, once the research is complete, many feel an urgent need to

chat.openai.com
chat.openai.com
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Fig. 2 Bing screenshot. If we click on the ‘Creative’ button (arrow), then Bing enables ChatGPT-
4. Note that Bing confirms it is powered by ChatGPT-4.

share their findings with the research community. That is exactly the point where
the challenging task of scientific writing begins.

Scientific writing requires significant time and effort. It involves presenting com-
plex ideas in a way that readers can logically understand. Effective communication
demands well-crafted sentences to convey reasoning. The reasoning follows through
sentences that must be clear. Not to mention that grammar errors, misspellings, and
vague statements can undermine their writing, blurring the communication of ideas.

To advance this discussion even further, suppose you finished writing your re-
search article. Whether displayed in print or on a screen, it appears flawless and
ready for submission. You set it aside for two weeks, immersing yourself in other
pressing tasks, before returning to it for one final look, a glance-through reading.

To your surprise, you discover several mistakes. In the introduction, you quickly
catch two subject-verb agreement errors. In the methods section, you spot a mis-
spelled word. One of the figures contains a typo. As you continue reading, you
identify unclear statements and a missing citation in the results section. Moreover,
you realize that the concluding section fails to adequately highlight the paper’s con-
tributions.

A mix of guilt and frustration washes over you. How could so many issues have
slipped past your notice? What if you had submitted the paper with these errors?
Would the reviewers perceive you as a careless writer? And what if there are other
mistakes you have missed?

The need for expert assistance—someone to proofread and edit your paper before
submission—suddenly becomes critical.
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Proofreading academic texts is traditionally conducted by copy editors, profes-
sionals with extensive expertise in language and writing. Their primary role is to
refine the content, ensuring it achieves accuracy, clarity, conciseness, and coher-
ence. Additionally, copy editors enhance the style and tone of the text, tailoring it to
align with the expectations of the intended audience.

Copy editors are responsible for ensuring that a document adheres to the highest
standards of mechanics, style, consistency, technical accuracy, and formatting. This
meticulous and systematic process is essential for transforming a manuscript into its
most refined and polished form.

While writing an academic paper, authors may inadvertently include an infor-
mal phrase or an unclear statement, which an experienced copy editor can promptly
identify and address. Those professionals offer high-quality language-editing ser-
vices, typically costing around U$165 per set of 1500 words; see for instance the
language editing services at elsevier.com. Scientific writers benefit a lot from the
work of copy editors [181].

Until very recently, activities related to language-editing services had been per-
formed exclusively by high-skilled professionals like copy editors and proofreaders.
However, new competitors have entered the market: computer programs—tailored
for language-editing services; see, for instance, free online language-editing tools
like like grammarly.com, prowritingaid.com, and hemingwayapp.com.

Another noteworthy option is Bing-ChatGPT, which functions as a writing expert
and can significantly enhance the quality of writing [61]. Users can subscribe to
Bing-ChatGPT (Section 3) and type commands such as Prompt 2.2 into its console.
Acting as an experienced copy editor, Bing-ChatGPT evaluates and improves text
with notable efficiency

Prompt 2.2: Bing-ChatGPT

>>Act as an experienced copy editor and analyze the text next: [place text here]

A well-known limitation of Bing-ChatGPT is its inability to analyze critically the
content of a paper or grasp the subtle meanings that an author may wish to convey.

In contrast, professional copy editors and proofreaders possess the critical think-
ing and nuanced understanding that can enhance the quality of scientific papers
significantly. Their expertise helps authors ensure precision, clarity, and intent.

For researchers who cannot afford these professional services, Bing-ChatGPT
seems a practical, no-cost alternative (see Section 3).

4.1 Bing-ChatGPT to improve the quality of academic writing

Numerous researchers have highlighted the potential of Bing-ChatGPT for improv-
ing the quality of academic writing (e.g., [5, 10, 65, 82, 93, 147, 160]). Bing-
ChatGPT excels at improving writing with respect to grammar, clarity, and style.

elsevier.com
grammarly.com
prowritingaid.com
hemingwayapp.com
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Beyond these capabilities, it offers suggestions for word choice, sentence structure,
paragraph organization, and tone adjustments, ensuring alignment with scholarly
standards. Let us check next some illustrative examples.

Consider the next text, sourced from [167].

“A form of expressing emotion is language, mostly associated with sentiment
and perception (Berry et al., 1997; Lindquist, 2017). Being a key element in
language processing, writing determines how others perceive an the feelings of
an individual (Ortony et al., 1990, p. 15). Because writing and individual words
carry a certain level of emotion, researchers have attempted to characterize the
sentiment of an individual through word analysis (Ortony et al., 1990; Taboada
et al., 2011; Liu, 2015).” (borrowed from [167]).

The next text came from Bing-ChatGPT.

“Language is a form of expressing emotion, which is closely related to sentiment
and perception (Berry et al., 1997; Lindquist, 2017). Writing is a key element
in language processing, as it influences how others perceive the feelings of an
individual (Ortony et al., 1990, p. 15). Since writing and individual words convey
a certain level of emotion, researchers have tried to characterize the sentiment
of an individual by analyzing their word choices (Ortony et al., 1990; Taboada
et al., 2011; Liu, 2015). (text generated by Bing-ChatGPT from Prompt 2.3).

After a thoughtful analysis of both paragraphs, we can clearly see that Bing-
ChatGPT improved the quality of the fragment from [167]. It achieved this by repo-
sitioning keywords, replacing verbs, and reorganizing clause structures for better
clarity and coherence.

For example, Bing-ChatGPT moved the word ‘language,’ the central theme of
the paragraph, to the very beginning, ensuring the topic was in the main paragraph’s
spot. Besides, it transformed the participial phrase ‘Being a key element in language
processing’ into the simple present clause ‘Writing is a key element in language
processing,’ making the statement more direct and concise. Furthermore, it replaced
the less clear phrase ‘through word analysis’ with the more precise alternative ‘by
analyzing their word choices.’

This simple analysis illustrates the potential of Bing-ChatGPT to improve the
quality of academic writing.

Prompt 2.3: Bing-ChatGPT

>>Please improve the next text with respect to grammar, clarity, and style:
[place text here]
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4.2 Bing-ChatGPT on removing grammar errors

Bing-ChatGPT can help researchers with catching grammar errors. It can spot and
correct errors such as noun-verb agreement errors, misspellings, punctuation mis-
takes, and other grammatical problems that affect readability and accuracy.

To illustrate its capabilities, let us consider a hypothetical scenario: suppose we
wish to draft a paragraph discussing the consequences of data manipulation. Below
is an example of such a paragraph (with errors).

“The deliberate manipulation of data in research has considered serious miscon-
duct. Those that engage in this practice may be caught and received punishment.
A study cites a case processed in The Canadian Institutes of Health Research
when it banned researcher from funding because of manipulating data [152].
Had this researcher know the consequence, perhaps researcher would not en-
gage this dishonests practice.”

This text contains numerous grammar errors. When seeing these mistakes, read-
ers get confused or distracted. On both cases, they will focus their energy on pin-
pointing errors instead of understanding the content. Remember that texts contain-
ing grammar errors can be interpreted as sloppy and unprofessional. A bad sign
anyway. Still, if the authors had insisted on submitting the previous text for peer
evaluations, their text could have hurt their reputation as academic writers. Now
compare the previous text with the next one.

“The deliberate manipulation of data in research is considered serious miscon-
duct. Those who engage in this practice may be caught and receive punishment.
A study cites a case processed by The Canadian Institutes of Health Research,
when it banned a researcher from funding because of manipulating data [152].
If this researcher had known the consequence, perhaps they would not have en-
gaged in this dishonest practice. ”

This text was revised by Bing-ChatGPT, which successfully eliminated all gram-
mar errors. The text now appears polished and engaging, allowing readers to focus
entirely on the message without being distracted by grammatical mistakes.

Prompt 2.4: Bing-ChatGPT

>> Is the next text grammatically correct? If not, please rewrite it in the correct
form: [place text here]
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4.3 Bing-ChatGPT: if you use it, say so

Throughout this monograph, we emphasize the importance of using Bing-ChatGPT
in ethical ways. This means adhering to the highest standards of academic honesty
and transparency.

One example of ethical use is utilizing Bing-ChatGPT to correct grammar errors
in our own writing. To the best of our knowledge, this is a fair and honest practice,
much like if we asked support from a professional copy editor to polish our text.

However, we strongly advise against using Bing-ChatGPT, or any other language
tool to create content and misrepresent it as our own. Such practices constitute pla-
giarism, as defined and discussed in Section 8.

It is essential we have our content by ourselves, drawing upon our own writing
skills and knowledge. Tools like Bing-ChatGPT should only be used to improve the
quality of text we have already written.

Caution. Bing-ChatGPT and other writing tools should never substitute au-
thors in their writing. Be careful.

Declaration of Generative AI and AI-assisted technologies

We advise researchers to acknowledge the use of Bing-ChatGPT or any other lan-
guage model in their scientific writing. Be transparent. This is the best practice.

This allows editors and reviewers to assess our contributions and understand to
what extent these tools have been employed. For example, if Bing-ChatGPT was
used to correct grammar errors in a manuscript, this should be explicitly stated.
A declaration of the use of generative AI or AI-assisted technologies should be
included in the text.

This recommendation aligns with Elsevier’s policy, which permits authors to use
AI-based tools like Bing-ChatGPT to enhance the language and readability of their
manuscripts. However, authors must disclose in detail which tools were used and
how they were applied; see, for instance, the policy at elsevier.com/about/
policies/publishing-ethics.

Rockefeller Publishing Co., Springer Nature Group, and PLOS ONE have poli-
cies similar to that of Elsevier: they allow authors to use AI-based tools to improve
the quality of writing, but they require authors to disclose how they used these tools.
An example of statement is as follows.

Statement: During the preparation of this work, the author(s) used [NAME
TOOL / SERVICE] to [REASON]. After using this tool/service, the author(s)
reviewed and edited the content as needed and take(s) full responsibility for
the content of the published [PAPER/BOOK/OTHER].”

elsevier.com/about/policies/publishing-ethics
elsevier.com/about/policies/publishing-ethics
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However, the policies of Science journals are notably stricter. They prohibit
text generated by generative language tools, with exceptions allowed only at the
discretion of the editors. For more information, refer to their editorial policies at
science.org/content/page/science-journals-editorial-policies.

To summarize, AI-based tools such as Bing-ChatGPT can assist researchers to
improve the quality of their papers, particularly for non-native English speakers.
However, these tools should be used judiciously: while they are excellent for refining
language and improving writing quality, they are not intended to generate original
content on behalf of the authors.

Additionally, the authors must disclose the tools they used and how they ap-
plied the tools in their manuscripts. Failure to do so may be perceived as academic
dishonesty. Why? Because presenting content as one’s own, while knowing it was
generated by a third party (e.g., Bing-ChatGPT), is unethical and can be classified
as plagiarism.

5 Bing-ChatGPT as a source of quick-start research ideas

If you are reading this, chances are you are scientist who continuously explores new
research topics. The initial step in this process typically involves start by looking
for topics on the Internet, perhaps trying to find published papers through search
engines like Google Scholar and Scopus.

You quickly realize that the web offers a vast array of information. While abun-
dant, it is fragmented and scattered among papers and websites. It is hard to follow a
coherent story. The many links available distract your attention from the main topic,
as you become tempted to click on them and explore catchy links. Then you click,
and the link leads to more links that catch your attention to other topics, resulting in
a chain of distractions that pulls you further away from the original topic.

Ultimately, the time invested in this search may extend to an hour or more, as
you work to gather materials, identify relevant sources, and organize them into a
coherent structure. Despite this considerable effort, the outcome typically provides
only a preliminary overview of the research—a brief introduction to what is most
important.

Have you ever considered the possibility of automating your search process, sav-
ing countless hours spent on surfing on the internet? Fortunately, there exists a tool
for that: Bing-ChatGPT.

Bing-ChatGPT is capable of generating a concise summary of a research topic
within seconds. The process is straightforward: you simply draft a request detailing
the topic of interest and submit it to Bing-ChatGPT.

For example, assume you wish to start a research on the topic “effects of heat on
plants.” Once you submit this query to Bing-ChatGPT, it will promptly produce a
well-structured summary (as exemplified in Prompt 2.5; see also Answer 2.1).

science.org/content/page/science-journals-editorial-policies
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Answer 2.1: (from Prompt 2.5)

>> Answer:.....................................................................
Heat stress is one of the major abiotic factors that affect plant

growth and development. High temperatures can cause irreversible

damage to plant cells, impairing photosynthesis, respiration, water

balance, and nutrient uptake. Moreover, heat stress can induce

oxidative stress, alter gene expression, and disrupt hormonal

balance in plants (Wahid et al., 2007).

Plants have evolved various mechanisms to cope with heat stress,

such as acclimation, adaptation, and thermotolerance. Acclimation is

the process of adjusting the physiological and biochemical processes

of plants to moderate or short-term heat stress. Adaptation is the

long-term evolutionary response of plants to high temperatures in

their natural habitats. Thermotolerance is the ability of plants

to survive and recover from lethal or extreme heat stress (Bita and

Gerats, 2013).

One of the key strategies that plants use to enhance their

thermotolerance is the synthesis of heat shock proteins (HSPs),

which are molecular chaperones that protect cellular proteins

from denaturation and aggregation under heat stress. HSPs also

play important roles in signaling, transcriptional regulation,

and protein degradation in response to heat stress (Larkindale

and Vierling, 2008). Besides HSPs, plants also produce other heat

stress-related proteins, such as dehydrins, late embryogenesis

abundant proteins, osmotin, and aquaporins, which help maintain

cellular hydration and membrane stability under high temperatures

(Hasanuzzaman et al., 2013).

: Wahid A., Gelani S., Ashraf M., Foolad M.R. Heat tolerance

in plants: An overview. Environ Exp Bot. 2007;61:199{223. doi:

10.1016/j.envexpbot.2007.05.011.

: Bita C.E., Gerats T. Plant tolerance to high temperature in a

changing environment: scientific fundamentals and production of

heat stress-tolerant crops. Front Plant Sci. 2013;4:273. doi:

10.3389/fpls.2013.00273.

: Larkindale J., Vierling E. Core genome responses involved in

acclimation to high temperature. Plant Physiol. 2008;146:748{761.

doi: 10.1104/pp.107.112060.

: Hasanuzzaman M., Nahar K., Alam M.M., Roychowdhury R., Fujita

M. Physiological, biochemical, and molecular mechanisms of heat

stress tolerance in plants. Int J Mol Sci. 2013;14:9643{9684. doi:

10.3390/ijms14059643.

Prompt 2.5: Bing-ChatGPT

>>Look up “effects of heat in plants” in scholarly papers, focus only on papers
published in PubMed and Sciencedirect, and use what you have found to
write 3 paragraphs. Include at least 5 in-text citations in these paragraphs.
Please write these paragraphs as if they were meant to be published in the
introduction section of a high-quality research paper. (see Answer 2.1).
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Fig. 3 Bing-ChatGPT created the table. Bing-ChatGPT searched through published papers on the
topic “brain sensors and implants,” and presented the output in a simple-to-read table. However,
only the reference in the first row is real. The other two references are fake. Bing-ChatGPT fabri-
cated them.

Prompt 2.5 led to Answer 2.1. It is clear from Answer 2.1 that Bing-ChatGPT
can save us time while automating academic.

6 Bing-ChatGPT may create fake references

Unfortunately, Bing-ChatGPT can show wrong references. Specifically, it can pro-
duce hallucinated citations when attempting to gather sources from the Internet.
Such hallucinations significantly limit the utility of Bing-ChatGPT in compiling a
reliable and meaningful literature review, as previously noted by [131].

For instance, we sought to collect information from published papers on the topic
“brain sensors and implants.” To achieve this, we utilized the text in Prompt 2.6, but
the results were disappointing (see Fig. 3).
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Prompt 2.6: Bing-ChatGPT

>>“Look up ”brain sensors and implants” in scholarly papers, focus only on
papers published in PubMed and Sciencedirect, and use what you have found
to create a table. The first column contains only the title and DOI code
and the second column summarizes the paper’s abstract in no more than
80 words, and the third column summarizes the main paper’s findings in no
more than 40 words. Show only the first 3 rows of this table.” Text used to
generate the table shown in Fig. 3

Caution. Bing-ChatGPT can create fake references.Always check if the ref-
erence that Bing-ChatGPT provides does exist. Be careful.

Prompt 2.7: Bing-ChatGPT

>> I want you to impersonate an AI Alice and an experienced scientific editor
Bob. Both will engage in a chat. And the chat will start once I ask a question
or present a statement.
1. Alice will start and will give her own answer in double quotes, followed
next by a detailed interpretation of why she had created her answer.
2. Bob will independently analyze current Alice’s answer given in double
quotes. Bob will explain his way of thinking and will justify it in a step-by-
step argument.
3. Bob then will find at least one error or flaw in Alice’s answer when com-
pared to the initial question. Bob will explain his way of thinking and will
justify in a step-by-step argument why he interprets Alice’s error or flaw.
4. Alice will read Bob’s analysis and will produce a new answer that takes
into account all points raised by Bob.
5. Bob repeats step 2 with an improved version of Alice’s answer until he
will fail on step 3.
Please read and confirm if you understand and are ready to start the process.
(Answer in Answer 2.2).

7 Bing-ChatGPT can talk with itself

One approach to exploring the potential of Bing-ChatGPT is through the concept of
self-talk. In this method, Bing-ChatGPT is instructed to simulate a dialogue between
two experts. To create such a conversation, Bing-ChatGPT combines information
retrieved from the web with the advanced natural language processing capabilities
of ChatGPT. This self-talk mechanism often yields high-quality content.
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Answer 2.2: Bing-ChatGPT

>> Answer:.....................................................................
I understand your request and I am ready to start the process.

>> Plagiarism can be accepted in academia.

Answer:.....................................................................
Alice: "Plagiarism can be accepted in academia" is a false

statement. Plagiarism is the practice of taking someone else’s

work or ideas and passing them off as one’s own, without proper

citation or acknowledgement (1). Plagiarism is considered a serious

academic offense, and it can have severe consequences for students,

researchers, and academics who commit it. Some of the possible

consequences are:

Grade penalty or automatic zero on the assignment or course (2)

Failing grade on the course or degree (3) Academic probation or

expulsion from the institution (4) Loss of academic reputation and

credibility (5) Legal action for copyright infringement (6)

Bob: Alice’s answer is partially correct, but it has some errors and

flaws. First, Alice did not provide a clear and precise definition

of plagiarism. ............................................................

Remaining of this answer is omitted

Fig. 4 ChatGPT: potential plagiarism. Each colored phrase in the image contains an ‘alert of po-
tential plagiarism’ issued by the plagiarism-detector software Turnitin.com.

For example, consider a scenario where we aim to understand the concept of
plagiarism. Since Bing-ChatGPT can emulate any expert, we can prompt it to cre-
ate fictitious personas like an ‘AI Alice’ and an ‘expert scientific editor Bob.’ The
subsequent step involves initiating conversation between the two. The following
command generates a dialogue focused on the topic of plagiarism.

When Bing-ChatGPT suddenly stops producing text under Prompt 2.7, we can
ask it to continue the chat by typing “continue” in the console.

Turnitin.com
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8 Plagiarism

Plagiarism is the practice in which an individual uses someone else ideas and
presents them as one’s own. Plagiarism applies not only to ideas but also to text,
data, images, or artwork, enticing situations in which the original creator has not
given consent or has not received proper credit [106, 135]. Plagiarism is an uneth-
ical behavior, unacceptable in academia [122]. It is like cheating—no one tolerates
it.

In academic contexts, plagiarism is classified as a serious offense. It constitutes a
form of fraud that involves misappropriating another individual’s intellectual prop-
erty [41]. The consequences for engaging in plagiarism are severe. For instance, it
can irreparably damage a researcher’s reputation, disrupt or terminate their career,
or result in both outcomes [41, 44, 78, 122].

Plagiarism constitutes a form of theft that directly violates the ethical principles
of academic integrity [106]. Despite its unethical nature, this form of misconduct
has been pervasive in academia for a long time. A study reveals alarming statistics,
showing that over 70% of Ph.D. holders within a surveyed group have observed
instances where individuals misappropriated the ideas of others [12, p. 718].

The act of taking another person’s ideas, text, or visual materials without their
consent and failing to provide appropriate credit entails plagiarism. Such practice
is unethical and dishonest, as it violates core principles of academic integrity and
intellectual property rights [122]. Consequently, it is imperative for scientific writers
to avoid plagiarism at all costs.

The author of [44, p. 71] emphasizes the importance of citing the sources from
which we have derived words and ideas, regardless of their origin. As noted in [44,
p. 71], sources such as books, articles, the internet, newspapers, and even movies—
any medium that has contributed to our writing—must be cited.

By analogy, it is essential to cite or inform readers when we have utilized words
or ideas generated by ChatGPT, as discussed in Section 4.3.

According to the authors of [54, p. 23] and [80], copying and pasting content
directly from the Internet constitutes plagiarism. By extension, copying and past-
ing text generated by ChatGPT also qualifies as plagiarism. Therefore, when using
ChatGPT for academic writing, we need to be extremely careful.

Moreover, ChatGPT texts often resemble verbatim excerpts from existing sources,
which can be flagged by plagiarism detection tools. For instance, as illustrated in
Fig. 4, ChatGPT produced segments of text that appear to have been derived from
other sources.

The ‘potential plagiarism’ of ChatGPT, as illustrated in Fig. 4, has been docu-
mented in the literature [93]. Because of that, some individuals may criticize Chat-
GPT and accuse it of plagiarism. However, we are not here to judge ChatGPT,
whether in its favor or against. Such a discussion extends beyond the scope of this
book. That being said, ChatGPT has generated chunks of text that appear to have
been published elsewhere (see Fig. 4). This phenomenon may be attributed to the
methodologies employed by OpenAI during ChatGPT’s training process.
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As the probabilistic model inside ChatGPT absorbed a large amount of text dur-
ing its training [128], it might be that some of this text may be extracted from aca-
demic sources, such as scholarly papers and books. Therefore, ChatGPT may have
extracted certain patterns of words and phrases from these academic sources that
now result in ChatGPT using the same patterns to generate its own content. How-
ever, we lack the means to confirm the validity of this claim, as OpenAI does not
disclose the source code or the specific training data used to develop ChatGPT.

Another strong reasonto avoid copying and pasting text from ChatGPT is the risk
of duplication. ChatGPT has the potential to generate identical or nearly identical
pieces of text for different users. If an individual publishes such text as their own,
there is a significant possibility that others may recognize the content and report it
to the relevant publisher or editorial office, thereby confirming an act of plagiarism.
That of copying and pasting text generated by ChatGPT and presenting it as one’s
original work constitutes an unethical practice.

Caution. Never, ever copy-and-past contents of ChatGPT into your scientific
writing. Copy-and-paste means plagiarism. Be careful.

8.1 How to avoid plagiarism

Since plagiarism involves using someone else’s content without giving proper credit,
we can actively avoid plagiarism by applying several straightforward techniques.

8.1.1 Quotation from others

The first technique is known as quoting. This involves directly copying a passage
from another source and incorporating it into one’s own writing, enclosed within
quotation marks. Additionally, proper acknowledgment must be given to the original
authors by providing an appropriate reference. For instance, the following quote was
borrowed from [153, p. 217].

“As with any kind of dishonesty, plagiarism has always been with us [153, p.
217].”

Quotation is a technique that should be used sparingly [1, p. 271].

8.1.2 Paraphrasing

The second technique is known as paraphrasing—it involves rewriting or rephrasing
a passage using one’s own words, providing an explanation of the passage based
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on individual interpretation. The author of [91, p. 73] defines paraphrasing as the
activity of expressing someone else’s content in one’s own words.

Paraphrasing brings certain risks if not done correctly. Since the original passage
belongs to its creator, it is essential to cite the source appropriately. Proper citation
is mandatory and serves as a fair way to give credit to the owner of the original text.

Interestingly, Bing-ChatGPT has paraphrasing skills. To illustrate this feature, let
us observe Bing-ChatGPT in action with a passage drawn from [167].

Original text: “The negativity of the people has dropped. In particular, the nega-
tivity of the people declined almost linearly as the vaccination rose exponentially,
suggesting slow emotional adaptation to a rapidly evolving situation. For this
reason, it seems reasonable to affirm that the vaccination campaign has played
a crucial role in decreasing the negativity of the people [167].”

By typing the text of Prompt 2.8 in Bing-ChatGPT’s console, we obtain the next
paragraph.

Paraphrased text: “People have become less negative as more of them got vac-
cinated. The data shows a clear inverse relationship between people’s negativity
and vaccination rates, which increased very fast. This means that people gradu-
ally adjusted their emotions to the changing situation. Therefore, we can say that
the vaccination campaign was very important for reducing people’s negativity.
[167].”

By comparing the original text with the paraphrased one, we see that both essen-
tially contain the same idea but use different sentence structures. The paraphrased
text shows shorter sentences, which is positive for readability. On the other hand,
the paraphrased text shows a problem, as detailed next.

Prompt 2.8: Bing-ChatGPT

>> act as an experienced copy editor and write a text that paraphrases the next:
[place text here]

The paraphrased text looks pretty similar to the original text. This similarity
could be classified as patchwriting. Patchwriting is a term that describes the new
text as being too dependent on the original text.

Patchwriting typically arises from superficial syntax and lexical changes, such as
removing some words, rearranging them, and changing the sentence structure [1].
Patchwriting is a form of plagiarism, even if the authors cite the source [1]. There
is a debate about the differences between borrowing and patchwriting; the limits
between them are unclear. What we know, though, is that citation is always a good
practice because it keeps away the intention to deceive [1].

Even so, relying on AI-based tools to paraphrase a text raises concerns about
academic dishonesty [142]—the concerns arise from the fact that paraphrasing is
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supposed to be done by humans. For example, when paraphrasing, scientific re-
searchers must add their interpretation to the text, and include criticism whenever
necessary. AI-based tools are unable to do that.

The authors of [142] highlight a valid concern that academic integrity may be
at risk due to the misuse of AI-based tools. Some writers may exploit such tools to
cheat, appropriating someone else’s text and bypass plagiarism detection tools. This
is a fair concern. Even so, we believe that a tool like ChatGPT is neutral; it can be
used either ethically or unethically, as noted by [184, p. 3172]. Above all, it remains
our responsibility to utilize these tools with honesty and integrity.

Prompt 2.9: Bing-ChatGPT

>> act as an experienced copy editor and summarize the next text in only one
sentence, focus only on the main point, and write your summary as if you
were using your summary in a scientific paper: [place text here]

8.1.3 Summarizing

Summarizing is a technique that condenses the primary information from someone
else’s text into a concise form. As a result, the summary is a shorter version that
reflects the author’s interpretation of the original ideas. Summarizing is also the
most common method used to prevent plagiarism.

Bing-ChatGPT has the capability to summarize text effectively. To illustrate this,
we utilized Bing-ChatGPT to generate a summary of the paragraph presented in the
previous section (borrowed from [167]). This was accomplished by inputting the
text of Prompt 2.9 into Bing-ChatGPT’s console.

Summarized text: “The text shows a negative correlation between the vaccina-
tion rate and the people’s negativity, indicating a gradual emotional adjustment
to a fast-changing situation [167].”

This summary captures the essential information of the original paragraph. Note
that a summary of someone else’s work requires a proper citation, usually placed at
the end of the sentence.

8.2 A brief note on self-plagiarism

Many early-career researchers may be unaware that copying and pasting content
from their own previously published texts constitutes self-plagiarism. Reusing one’s
own ideas, text, data, or images without appropriately citing the source incurs self-
plagiarism. Self-plagiarism is considered a form of scientific misconduct [24, 78].

Some may argue that labeling the reuse of one’s own work as misconduct is
unjust, given the effort involved in its creation. However, an author who replicates
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and incorporates portions of their previous work into a new publication without
proper citation commits self-plagiarism.

Furthermore, such practices will likely alert Editors to potential plagiarism, as
nearly all academic journals and publishing companies employ plagiarism-detection
software, such as Turnitin.com, to review submitted material [25].

Certain institutions permit authors to recycle up to 10% of their text [25, p. 197].
However, we argue that this practice is not advisable: reusing the same text in multi-
ple works can still be regarded as self-plagiarism. What is the point of risking one’s
reputation over recycled content?

Conversely, some researchers propose that text recycling could be acceptable in
specific contexts, particularly when used to describe methods, materials, or back-
ground information (e.g., [4, p. 784], [121]).

We believe that text recycling should be avoided. A good reason is that published
text belongs to the publisher who has exclusive copyrights over the published text.
This implies that an author must request permission from the publisher before even
attempting to submit any chunk of text published in previous work. Should an author
proceed with text recycling, it becomes essential to secure proper authorization—
written permission that safeguards against violations of copyright law.

Copyright applies not only to text but also to images, tables, and data—in other
words, the entire publication. Therefore, authors should be careful when recycling
material, as they may no longer hold ownership over it and cannot reproduce it
without obtaining explicit consent from the copyright holder.

8.3 Ethical implications of using ChatGPT-generated text in
academic writing

The authors of [76] describe an intriguing experiment involving Professor Ethan
Mollick from The University of Pennsylvania, USA, and his students. As detailed
in [76, p. 599], Dr. Mollick tasked his students with using AI-based tools to write
essays. After a few iterations with the AI tool, the students produced high-quality
texts, making it nearly impossible to determine whether they used AI-generated
content or not.

This experiment reveals a new trend among scholars: the collaboration between
people and AI to improve the quality of writing.

The ethical implications of incorporating ChatGPT-generated text into academic
writing remain unclear. As noted by the author of [68], it is dishonest to present
ChatGPT-generated output as one’s own work. We align with the author’s position.
However, a pertinent question arises: is it ethically acceptable for an author to edit
a ChatGPT-generated output and then submit it for publication?

This practice brings controversy; some may oppose it; others may support it only
if the writer discloses that ChatGPT was responsible for generating part of the text.
Some researchers might even support the idea that authors could use AI-written text
and change it drastically.

Turnitin.com
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How much change is sufficient? Does a ‘drastic change’ prevent plagiarism? We
have no answer. The editorial board of Science journals decided for the easiest path:
they banned all AI-generated text from their publications (Section 4.3).

To ban all AI-generated text seems unwise because AI technology is ubiquitous
[52, 158]. It is only a matter of time before AI takes over creative tasks such as
scientific writing [76, p. 599]. This transformation is already in progress; for in-
stance, researchers have developed a program running on ChatGPT that is capable
of autonomously generating a meaningful scientific paper [30].

We advocate for the idea that utilizing AI as a collaborator is ethical, particularly
when it is employed for generating ideas, revising texts, and enhancing the quality
of writing (see also [68]). Such collaboration between humans and AI tools has the
potential to foster creativity, originality, and efficiency [68].

The ethical boundary becomes increasingly ambiguous when a text generated
by ChatGPT is edited solely for the purpose of creating content to be submitted
to a scientific journal. Such a practice appears to be unethical, even if the authors
disclose that part of the text originated from ChatGPT. This matter remains a topic
of debate [140, 147, 158, 166].

As Dr. Ethan Mollick wisely noted in [76, p. 599], the footprint of AI-generated
content vanishes when the writer revises the text through iterative engagement with-
the AI itself. Now, this practice raises another question: how should the editors of
scientific journals respond if AI-generated content leaves no discernible footprint in
submitted manuscripts? Will the manuscript be retracted in the future? There is a
potential risk of retraction, especially as guidelines and technologies for detecting
such content continue to evolve.

While we lack a definitive answer, we maintain that honesty and transparency
represent the most ethical approach.

In conclusion, the authors must judge whether the use of AI in their writing
adheres to ethical principles and academic integrity. Remember that the scientific
integrity of a publication lies with its authors [126].

From this perspective, we advocate for the use of ChatGPT as a tool to en-
hance the quality of writing, such as refining text and correcting grammatical errors.
Any other application of ChatGPT may risk violating the principles of academic
integrity. Be careful.





Chapter 3
Introduction of a manuscript with generative AI

Alessandro N. Vargas

Abstract: This chapter examines the funnel strategy as a structured ap-
proach to scientific writing and its integration with AI tools like Chat-
GPT. The funnel strategy progresses from broad context to specific re-
search questions, guiding the organization of academic texts. By utilizing
ChatGPT, writers can enhance their skills through tools such as real-time
feedback and template generation. Practical techniques and examples are
provided to illustrate how the funnel strategy, combined with AI, improves
clarity and efficiency. This chapter is particularly useful for early-career
researchers.

A widely accepted convention among researchers is that the first section of any
scientific paper or monograph is the Introduction. The introduction serves to set
the tone and context for the entire work. An effective introduction is particularly
significant, as it not only frames the study but also provides a review of relevant
literature and educates readers about the research area.

However, crafting a compelling introduction can be a daunting task, especially
for students who are new to academic discourse. In this chapter, we will examine
some of the common challenges that students encounter while writing an introduc-
tion. We will also offer practical guidance on overcoming these obstacles with the
support of tools like ChatGPT.
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1 What to consider before writing an introduction

Our experience has led us to believe that an effective introduction contains certain
elements, which are discussed next.

1.1 Review of literature

scientific writers acknowledge the contributions of other authors to the research
area. By reviewing relevant studies and results, writers address three equally im-
portant points. First, they establish the relevance of their research area. Second,
they demonstrate their understanding of the current state of knowledge. Third, they
present their perspectives and opinions on the work of other researchers.

1.2 Show the gap and fill it

While reviewing the literature, writers refine their reasoning to focus on a single
idea that remains unexplored. This idea represents the gap in the existing body of
knowledge—the novel finding that the scientist seeks to address. In other words, the
introduction section serves as the platform where writers announce their discoveries,
describe their contributions, and explain how their findings benefit both their peers
and society. In essence, the introduction highlights the gap and articulates how the
authors have filled it.

1.3 Be generous in ink

You should allocate a specific space in the text to state clearly your main contribu-
tion. This space should be crafted as a detailed and engaging paragraph that com-
municates your motivation, purpose, goals, research questions, hypothesis, and the
methodologies or actions undertaken to support the paper’s main findings. Be gen-
erous in ink. Aim to be both comprehensive and precise. Make sure the significance
of your work is fully understood.

Begin this section with a statement such as “The main contribution of this pa-
per is...”. Use this space to explicitly demonstrate how your research addresses the
identified gap in the literature and its relevance to the broader academic or practical
context.
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1.4 Acknowledge the paper’s limitations

Every research endeavor has its limitations. Therefore, it is essential to adopt a
humble approach and explicitly state the limitations of your paper. Transparency
is key—avoid hiding any relevant information.

By acknowledging the constraints of your research, you strengthen your credibil-
ity and increase the likelihood of reviewers focusing on the paper’s strengths rather
than its weaknesses. This approach demonstrates integrity and honesty, qualities
highly valued among researchers and reviewers.

These four elements are integral to crafting a compelling introduction. However,
writers often face challenges in combining these components effectively. In the fol-
lowing sections, we address some of the common difficulties that writers deal with
and provide practical solutions, including specific prompts for ChatGPT, to help
overcome these obstacles.

2 Collect your background material

Finding research material to establish the background for your study is often a labo-
rious task. While many books and papers have easy access to content online, not all
of them are available for free. For instance, publishers frequently impose paywalls
on scientific literature, limiting access to scientific content.

Downloading digital books can present their own challenges. While numerous
university libraries provide printed and digital resources, visiting the library can
often be unnecessary when the desired title is accessible through free platforms
such as the Internet Archive. This open-access repository hosts millions of digitized
books, offering an invaluable resource for researchers. Its comprehensive collection
is available at www.archive.org.

Given that the majority of research findings are now disseminated digitally,
researchers can locate them through free online tools such as Google Scholar
(scholar.google.com), Semantic Scholar (semanticscholar.org), and PubMed
(pubmed.ncbi.nlm.nih.gov), among others [31, 67]. These platforms enable
users to perform keyword searches on topics of interest within the academic litera-
ture. Almost instantly, they generate a comprehensive list of relevant publications,
frequently including direct links to the websites of academic journals. However,
access to many of these journals remains restricted by paywall systems, blocking
access [96].

A study has reported that scientists unable to access academic papers due to
paywall restrictions—particularly those based in low- and middle-income countries
such as India, Iran, Indonesia, Vietnam, Egypt, Brazil, and Mexico—often resort
to downloading papers through pirate, illegal repositories [20]. Interestingly, even
researchers with privileged access to legal resources are increasingly turning to these
illegal repositories for obtaining papers [43].

www.archive.org
scholar.google.com
semanticscholar.org
pubmed.ncbi.nlm.nih.gov
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Research indicates that the availability of papers in illegal repositories can signif-
icantly boost their citation scores, with one study reporting an increase of approx-
imately 70% [31]. This phenomenon may incentivize authors to upload their own
work to such repositories in an effort to enhance their citation indices; however, free
and legal repositories, such as arxiv.org and biorxiv.org, also accept preprint
drafts of papers and demonstrate a comparable citation-boosting effect [45, 97]. The
advantages of these legal repositories are particularly evident in mathematics, where
approximately 80% of preprints deposited on arxiv.org are ultimately published
in academic journals [173, Sec. 4.1].

Researchers have shown a growing interest in the recent trend of uploading non-
peer-reviewed papers to preprint repositories, such as arxiv.org and biorxiv.

org; see [81] for an in-depth discussion on the role of free repositories. A clear
advantage of these repositories is that they provide free access, thus helping dis-
seminate scientific content. However, when citing a paper from such repositories,
we need to check whether the paper has been subsequently published in a reputable
journal. Be careful: only cite a paper if it has been validated through publication in
a reputable journal.

Citing papers that went through a peer-review process and then became published
in reputable journals constitutes the core of the scientific method [156]. For this
reason, experienced researchers strongly advise against citing works that have not
been subjected to the scrutiny of traditional peer review [81, p. 86].

Editors appreciate citations to papers published in the journals they are serv-
ing. When a manuscript references articles from the same journal, it signals
to Editors that the research aligns with the journal’s scope. Citations in-
crease the journal’s citation scores, and Editors appreciate that.

Before presenting your research findings, you must first dive into what other
researchers have done. This process involves an in-depth study of their publications,
which requires identifying and extracting essential information while disregarding
less relevant details. This task demands time and effort. Separate a bunch of time to
work on this. Be prepared.

2.1 Stuck with an idea? Ask Bing-ChatGPT to help you

If you find yourself struggling to advance a research idea, Bing-ChatGPT can prove
to be an invaluable resource. For instance, it can assist in identifying the most rele-
vant publications related to your topic. However, it is essential to exercise caution,
as the responsibility for mastering the research and understanding its implications
ultimately relies upon you. Bing-ChatGPT is designed to support and complement
your research, not to replace it. Therefore, maintaining a balanced approach and
avoiding over-reliance on this tool is crucial.

arxiv.org
biorxiv.org
arxiv.org
arxiv.org
biorxiv.org
biorxiv.org
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Caution. Trusting Bing-ChatGPT to do the whole work for you is a huge
mistake.

For example, suppose we want to find background material for a study on ‘ap-
plication of fractals in medicine.’ Given that Bing-ChatGPT is connected to various
databases and sources (e.g., PubMed, BASE, ScienceDirect), one could request the
most relevant references available on this specific topic. An illustrative example
of such a query is presented in Answer 3.1. Bing-ChatGPT’s response is is quite
impressive: it provides a list of publications, together with a summary of each, or-
ganized around the main research idea.

3 Literature review: how to present it

How to present what others have done is perhaps one of the most important chal-
lenges scientific writers face. A writer must give credit to those who have paved the
way for that scientific knowledge, and the way we acknowledge what others have
done is through citing their works in the literature review.

Some students underestimate the significance of the literature review. They may
argue that readers are already familiar with the foundational aspects of the research
topic, thinking a review is unnecessary. Thus, some researchers bypass the basic
knowledge and delve directly into the specifics of their research findings. This ap-
proach, however, is a mistake.

Presenting foundational knowledge forms the cornerstone of the literature re-
view, which is a mandatory component of scientific writing. The literature review
provides the necessary background information, justifies the research topic, and con-
textualizes the novel findings within the broader scientific landscape. Yet a literature
review is more than just a collection of in-text citations describing other people’s
discoveries. It embodies critical analysis of previous research, highlighting how the
work of others has informed and influenced your own study.

Conducting a review requires significant intellectual effort: you must analyze,
evaluate, synthesize, and, when appropriate, critique others’ contributions to your
research area. This process involves crafting a coherent narrative by logically linking
statements—supported by in-text citations—to develop a clear and structured line
of thought. No doubt that achieving this level of clarity and depth is a demanding
task.

Cite a source only when essential. Cite exclusively the most impactful
sources, only those that have contributed directly to your research.

Our duty as scientific writers is to inform and educate. Through the process of
writing a literature review, we provide a clear and comprehensive overview of the
current state of knowledge within our research area. To achieve this, we need to
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Answer 3.1: Bing-ChatGPT

>> Please act as an experienced scientific researcher. I wish to write

a comprehensive literature review of the scholarly papers published

on a very specific topic: "application of fractals in medicine".

Check all the existing literature on this topic, and search with

great care in PubMed, ScienceDirect, BASE, Google Scholar, books,

and papers. I wish you to select only the most influential sources

on this topic. Show me a summary of their contents.

Answer:.....................................................................
Thank you for your request. I have searched the existing literature

on the topic of "application of fractals in medicine" and selected

some of the most influential sources for your review. Here is a

summary of their contents:

Fractal Geometry in Medical Science: Beginning of a New Era?

This paper explores the potential of fractal geometry for describing

and understanding biological organisms, their development and growth

as well as their structural design and functional properties. It

also discusses the possible applications of fractals in medicine,

such as:

Predicting impending arrhythmia by analyzing the heart rate

variability of healthy individuals and comparing it to those with

heart diseases.

Measuring the infiltrative margin of malignant tumors, assessing

tumor angiogenesis, and measuring irregular distribution of collagen

in tissue.

Finding a scale invariance and self-similarity of digital images and

signals in medical physics.

Providing new promising diagnostic approaches that include

noninvasive methods and visual imaging methods avoiding any

potentially damaging procedures.

The paper concludes that fractal geometry offers a new perspective

and a powerful tool for biomedical research and practice.

Source: Fractal Geometry in Medical Science: Beginning of a New

Era?(1)

Fractals in Biology and Medicine

This book is a collection of papers presented at a symposium on

fractals in biology and medicine held in 1993. It covers various

aspects.....................................................................

Remaining of this answer is omitted

carefully select the most relevant papers and books. The next step involves citing
them appropriately. Always keep in mind that our goal is to craft a concise yet
informative review.

The following section outlines a method to develop an engaging and insightful
review.
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Fig. 5 Funnel strategy. It indicates how to write the introduction section of a scientific paper
through five parts. Each part contains a piece of text that functions as described in Section 4.
The arrow indicates the point at which the “However” transition must be included (Section 4).

Answer 3.2: Bing-ChatGPT

>> In English. Give me only essential information. Do not show me

greetings. Do not show external links. Explain in plain English

and condense your answer into 150 words or less. What is the funnel

strategy in scientific writing? Write your explanation in bullet

points.

Answer:.....................................................................
- The funnel strategy is a way of writing an introduction for a

scientific paper or report.

- It starts with a broad and general overview of the topic and

gradually narrows down to the specific research question or

hypothesis.

- The purpose of the funnel strategy is to provide context,

background, and motivation for the study and to show how it fits

into the existing literature and knowledge.

- The funnel strategy can be divided into four steps:

* Establish a broad territory: introduce the general field or

discipline of the study and explain why it is important or relevant.

* Establish a sub-territory: identify and review the main themes,

theories, or gaps in the literature related to the topic and show

how your study contributes to them.

* Build a niche: state the problem, question, or gap that your study

addresses and explain why it is significant or original.

* Occupy the niche: present your main argument, claim, or hypothesis

and outline the structure and scope of your paper or report.

4 Literature review: the funnel strategy

To help us write a meaningful review of the literature, experienced researchers rec-
ommend using the funnel strategy [77, Sec. 11.2], [28, Ch. 8, p. 44]. According to
them, the funnel strategy creates a coherent flow of thought. To deepen our under-
standing of this approach, let us explore the insights provided by Bing-ChatGPT;
see Answer 3.2. As it shows, Bing-ChatGPT is consistent with our view of what
constitutes the funnel strategy, as detailed next.
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The funnel strategy contains five moves, as depicted in the scheme of Fig. 5.
According to our experience, the scheme of Fig. 5 provides guidance to writers, as
detailed next.

Step 1: Importance

(Fig. 5–Part (1)). We must write the first sentence of the first paragraph to create a
positive impression. The aim is not only to capture the reader’s attention but also to
sustain their engagement throughout the entirety of the paper. To accomplish this,
we resort to two specific strategies, as described next.

First strategy: The opening sentence of the paper can be used to provide a concise
historical overview of the research topic. While incorporating a historical perspec-
tive is not mandatory, it can effectively underscore the significance of the research
topic. Consider the following example.

In 1975, a mathematician named Benoit Mandelbrot wrote a book that laid the
foundation of what we name today as fractal.

This example highlights that Benoit Mandelbrot discovered fractals: such a his-
torical perspective can help establish the importance of fractal research. Neverthe-
less, reviewing the history is not the only way to write an engaging first sentence.

Second strategy: Another option for capturing the reader’s attention in the open-
ing sentence is to present an interesting fact. By interesting fact, we refer to a state-
ment that conveys information widely recognized and accepted within the research
community. Consider the following example.

Machine learning represents a set of algorithms that can be applied to find pat-
terns in data, make decisions, and guess human behavior (Smith et al., 2019).

This example illustrates the opening sentence of a paper discussing the applica-
tions of machine learning. Notably, the verbs in this example are in the present tense,
indicating to readers that the information about machine learning remains valid. In
addition, in academic writing, authors can employ another verb tense to denote true
facts: the present perfect tense. This tense is particularly effective in conveying that
an event or development has occurred over a period of time leading up to the present
(e.g., [17, Sec. 6.3, p. 460]). Consider the next example.

Researchers have shown the potential of machine learning for industrial applica-
tions, like in entertainment (e.g., Netflix), web search (e.g., Google), and chatbot
processing (e.g., Bing-ChatGPT).

We can ask Bing-ChatGPT for more examples of first sentences, as illustrated in
Answer 3.3.
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Answer 3.3: Bing-ChatGPT

>> In English. Give me only essential information. Do not show me

greetings. Do not show external links. Give me 2 examples of

engaging sentences used as the first sentence of the first paragraph

of scientific papers, in the introduction section, stated in

active voice. I wish to use these sentences as a template for my

scientific paper. Select sentences that emphasize the relevance of

the research topic. Write in the form of template, like [topic], and

give explanation.

Answer:.....................................................................
I understand that you want to write an engaging introduction for

your scientific paper. Here are two examples of sentences that

you can use as templates for your first sentence, based on the web

search results I found:

- [Topic] is a crucial issue that affects [stakeholders] in various

ways. However, despite its importance, there is a lack of [knowledge

gap] on this topic. This sentence emphasizes the relevance of

the topic by highlighting its impact and identifying a specific

knowledge gap that your paper aims to fill.

- Recent advances in [field] have opened up new possibilities for

[topic]. However, there is still a need for [knowledge gap] to fully

understand and exploit these possibilities. This sentence emphasizes

the relevance of the topic by showing how it relates to the current

state of the field and pointing out a specific knowledge gap that

your paper aims to address.

Step 2: Evolution

(Fig. 5–Part (2)). Once you have established the importance of your research topic,
the next step is to describe how it has evolved over time. This is arguably one of
the most challenging aspects of academic writing. You will demonstrate your un-
derstanding of what other researchers have discovered and reflect on what you have
learned from their work.

In addition, you will detail how their findings have shaped the current knowledge
for the specific research area you are exploring. Avoid citing an excessive number
of references; A reference should be included only if it contributes meaningfully to
the analysis presented in your article (Section 2).

How to create ‘Evolution.’ Let us consider the next phrases; they can function as
templates.

One study [shows / has shown] that . . . (Smith et al., 2019).
A recent study has [detailed / examined / investigated / reported / introduced] . . . ;
see (Johnson, 2023).
Another study have [confirmed / proved] that . . . (McDonnell, 2012)).
Two studies that have [investigated /considered] the [topic /area] are McDonnell
(2012) and Cohen (2018).
The authors of (Smith et al., 2019) have [shown / demonstrated] that . . . .
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Fig. 6 A paragraph that illustrates Evolution (Section 4). The authors of this paragraph [167] start
by stating the research area. Next, they review the literature over the years. They create reasoning,
bring references, and present ideas and facts that support the research area. Common words that
facilitate citations are underlined, and each citation is appropriately formatted.

In a study by Smith et al. (2019), they [found / showed / proposed] . . .
Cohen (2018) [has observed / points out] that . . . . Since the method of Cohen

has led researchers to . . . . Moreover, an experiment done by Johnson (2022)
confirmed that . . . .

As you can see, there are different ways to integrate citations into your writing.
Citations can have different formats (e.g., (Cohen 2018) or [14]). You must follow
the journal’s editorial preference. Look at the journal’s website for more informa-
tion; all journals provide text templates in Latex and MS-Word. These templates
will specify which type of citation should be in place.

Read the journal’s submission instructions carefully. It will help you with the
citation style and rules.

Fig. 6 showcases a piece of text illustrating the concept of ”Evolution.” Observe
how the sentences are constructed with in-text citations and arranged meaningfully
to follow a coherent line of thought. These sentences incorporate transition words,
which are underlined for emphasis.

In summary, organizing research knowledge through sentences and citations is
like solving a jigsaw puzzle: (1) we piece together fragments of published research;
(2) we add citations and rearrange the fragments; (3) we fit them to create a narrative
that captivates readers with a coherent flow. Note that achieving (1)–(3) requires
careful preparation (Section 2).
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Answer 3.4: GPT-3.5

>> In English. Give me only essential information. Do not show me

greetings. Do not show external links. Give me 6 examples of

sentences used in the introduction section of scientific papers,

each one of these sentences contains in-text citations, and

these citations are taken from papers published in impact-factor

journals listed in PubMed. The in-text citations follow pattern

like "Smith et al." or "[N]" where "N" represents any number. Show

only sentences that are commonly used to establish the territory,

that is, sentences that establish the research background or the

research evolution. Consider at least one sentence that follows the

pattern "... study has shown ..." Write these sentences in the form

of template, like [topic], [discipline], [sub-area], because I wish

to use these sentences as a template for my scientific paper.

Answer:.....................................................................
1. The [topic] field in [discipline] has undergone significant

advancements in recent years, as demonstrated by the studies

conducted by Smith et al. [1] and Johnson et al. [2].

2. In the domain of [sub-area] research, several investigations have

shed light on the intricate mechanisms involved, such as the work by

Brown and colleagues [3].

3. Previous studies have elucidated the impact of [topic] on

[discipline], highlighting its relevance in various contexts [4,5].

4. The evolution of research in [sub-area] has been driven by

seminal contributions, including the seminal work of Thompson and

Smith [6] that laid the foundation for subsequent investigations.

5. A number of recent studies have provided insights into the

intricate relationships between [topic] and [discipline], as

indicated by the findings of Lee et al. [7] and Wang [8].

6. The study conducted by Johnson et al. [9] has shown the potential

implications of [topic] in [discipline], opening up new avenues for

further exploration.

Step 3: Summary

(Fig. 5–Part (3)). By the time you reach Step 3, you have successfully established
the significance of your research topic, conducted a thorough literature review, and
cited the most relevant publications. Through this process, you have crafted sen-
tences intertwined with in-text citations, and through them, you have created a line
of thought. This line of thought navigates seamlessly through the findings of other
researchers, providing a solid foundation for your work.

Your next task is to present a concise summary of previously published find-
ings. This summary serves to prepare the reader’s mindset for the forthcoming ar-
gument—namely, the statement of your discovery. Transitioning from the findings
of others to your own contribution should be handled thoughtfully and strategically.
This transition follows the ”Summary” section (Fig. 5).

In our perspective, the “Summary” is a brief piece of text positioned at the end
of a paragraph. To illustrate this concept, let us examine the following phrase.
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Answer 3.5: GPT-3.5

>> In English. Give me only essential information. Do not show me

greetings. Do not show external links. Select sentences used

in the introduction section of scientific papers published in

impact-factor journals. From your selection, show me only the most

frequent 5 sentences, used at the end of paragraphs, to summarize

the information presented elsewhere in the same paragraph. A phrase

like "these studies taken together" is usual in summary sentences.

Present sentences in the form of template, like [topic], because I

wish to use these sentences as templates in my own scientific paper.

Answer:.....................................................................
1. This study provides new insights into [topic], highlighting the

importance of [specific finding] in understanding [broader concept].

2. The findings of this research shed light on [topic], emphasizing

the significant role of [specific factor] in influencing [broader

phenomenon].

3. These results contribute to our understanding of [topic],

demonstrating the impact of [specific variable] on [broader

process].

4. This study expands our knowledge of [topic], emphasizing the

relationship between [specific factor] and [broader concept].

5. The findings presented here enhance our understanding of [topic],

emphasizing the significance of [specific finding] in advancing our

knowledge of [broader field].

[sentences]. To sum up, these investigations confirm that [summary].

This example presents a template where the phrase these investigations encapsu-
lates all the previously cited papers. The sentence concludes with a concise summary
of the knowledge coming from these works, effectively synthesizing their contribu-
tions.

We can also create a summary using the word thus, as illustrated in the following
example.

[sentences], thus [indicating / demonstrating / suggesting / supporting / reveal-
ing / providing strong evidence for / opening new avenues] . . . [summary].

In addition to thus, other words can be used to signal that a summary will ap-
pear soon, like ‘in sum’ and ‘to conclude’ (e.g., [17, Sec. 10.4.1.2, p. 876]). Many
other phrases do exist to signal a summary, like the ones suggested by GPT-3.5 in
Answer 3.5.

“However” transition

The word however deserves special attention in the introduction section. Specifi-
cally, after completing the tasks outlined in Steps 1–3, you should write a passage
that begins with however. This word functions as a conceptual line break, dividing
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Fig. 7 A paragraph that illustrates Summary (Section 4). The authors of this paragraph use a
key phrase to indicate a move: “these investigations taken together.” This phrase signals that the
subsequent content summarizes knowledge previously written.

the knowledge into two distinct parts: (i) the existing knowledge established by other
researchers, and (ii) the novel contributions resulting from your own discoveries.

When examining the funnel strategy depicted in Fig. 5, we can see that the word
however splits two contrasting elements: the old and the new, the known and the
unknown, the expected and the unexpected. This duality ignites curiosity and cap-
tivates the reader’s attention. The word however signals to the reader that what fol-
lows is of significant value and merit, encouraging them to continue reading.

Consider the following example.

[sentences]. However, understanding how these elements . . . remains a major
challenge in [specific-sub-area].

This example indicates that old knowledge is placed in [sentences] and new
knowledge is placed in [specific-sub-area]. As can be seen, however marks a transi-
tion between the old and the new, that is, what others have done and what you have
done.

Note that the word however is by far the most used adverb of contrast found in
academic writing [17, Tab. 10.17, p. 887].

There exist words and grammar constructions with effects similar to ‘how-
ever,’ like ‘nevertheless,’ ‘despite this,’ ‘in contrast,’ among others; see [171,
Sec. 4.9], [17, Sec. 10.4.1.5, p. 878].

According to the funnel strategy depicted in Fig. 5, the word however marks the
transition to the tighter part of the funnel. This narrower part is dedicated to pre-
senting information about the gap that exists within the current body of knowledge.
Once the gap has been clearly identified, the next step is to convey to readers that
you have made a discovery that addresses and fills this gap. By doing so, you em-
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Answer 3.6: Bing-ChatGPT

>> In English. Please give me only essential information. Do not

show me greetings. Do not show external links. Show me only the

most frequent 5 sentences used in the introduction section of

impact-factor journals that starts with "however". Present sentences

in the form of template, like [topic], because I wish to use these

sentences as templates in my own scientific paper.

Answer:.....................................................................
Based on my web search, I found the following five sentences that

are commonly used in the introduction section of impact-factor

journals that start with "however":

- However, [previous studies] have [limitations] that [motivate] the

current research.

- However, [the topic] is still [understudied / controversial

/ challenging] and [requires / deserves / demands] further

investigation.

- However, [the existing literature] does not [address / explain /

account for] [a specific gap / question / problem] that is relevant

for [the field / the practice / the society].

- However, [the current knowledge] is based on [a narrow / biased

/ outdated] [sample / method / perspective] and may not be

[generalizable / applicable / valid] for [a broader / different

/ new] [context / population / situation].

- However, [a recent development / finding / event] has [challenged

/ changed / influenced] the way we [understand / approach /

evaluate] [the topic] and raised new [issues / questions /

opportunities] for research.

phasize the significance of your contribution—a novel finding that holds value and
deserves to be shared with readers.

Step 4: Gap

(Fig. 5–Part (4)). The term ‘gap’ represents a piece of text that encapsulates the
main research question. Answering this question serves as the driving motivation
behind the entire scientific paper. In the space allocated to the ‘gap,’ you elaborate
on how your research addresses the question and contributes to the advancement of
scientific knowledge.

Let us examine the following sentences.

Most studies have focused mainly on [summary]. However, little is known about
[gap].

This example demonstrates three key moves: (i) a summary of previous research
(i.e., [summary]); (ii) the use of however to mark a transition from established
knowledge to new one; and (iii) the use of the phrase ‘little is known’ to signal
the forthcoming presentation of the main research question (i.e., [gap]).
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Another practical template is as follows.

Despite significant advancements in [summary], gaps in our understanding of
the [topic] still exist, particularly regarding [gap].

This example dispenses the use of however to produce the effect of contrast.
Rewriting it with however yields

. . . significant advancements in [summary] have been made. However, gaps in
our understanding of the [topic] still exist, particularly regarding [gap].

We can ask Bing-ChatGPT for more examples, as illustrated in Answer 3.6

Step 5: Fill the gap

(Fig. 5–Part (5)). This step is the final one, though it is far from the least significant.
Here, ‘fill the gap’ denotes the place where our discovery will be placed. Yet filling
the gap is not easy. Conveying our findings in a clear and impactful manner is a
challenge. Over years of editorial experience with impact-factor journals, we have
noted a distinct tendency among early-career researchers, especially students: they
often undervalue the importance of their own findings.

Researchers at the beginning of a career often do a good job of conducting thor-
ough literature reviews. However, they frequently struggle with presenting their own
findings. Too often, key results become obscured within less pertinent details. It is
not uncommon to see their discoveries overshadowed by weaker sentences, dimin-
ishing the impact of their contributions.

Templates offer a practical solution for improving clarity and focus in academic
writing. For instance, the following example sentences could serve as a standalone
paragraph in the introduction section:

Despite extensive research on [topic], a critical gap remains in understanding
[specific issue]. This study aims to address this gap by [briefly state novelty or
contribution].

Templates like this can guide researchers in emphasizing their findings without los-
ing them in less relevant details. Now consider another example.

To the best of the authors’ knowledge, this study is the first to provide evidence
that [novelty]. Indeed, this study presents the [sub-area]. In addition, this study
expands the usefulness of the results in (Smith, (2022)) because we show here
that [benefit]. These findings set the main contribution of this paper.

This set of sentences is highly effective. It highlights the originality of the study
by emphasizing that it is the first of its kind. Additionally, it strengthens the authors’
credibility by demonstrating how the new research builds upon previous work.

At an appropriate point in the introduction section, you can begin a paragraph
with the phrase ’The main purpose of this paper is to . . . ’ to clearly articulate the
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focus of the study. If your findings support those of others, you might consider
including a phrase like:

These findings align with those of [author(s)], providing further validation of
[specific aspect of prior research or the field].

Such phrases not only underscore the significance of your research but also posi-
tion it within the broader context of existing scientific contributions. Consider also
a template like:

This [finding / result / analysis / evidence / data] confirms (or suggests) that . . . ,
as [shown / described / supported] by Smith (2022).

Clearly articulate the main contributions and implications of your findings. Use
concise and confident language to emphasize the significance and originality of your
work. Reviewers and editors will appreciate such clarity and precision.

We have to highlight our own findings. Do not expect that the reader will
grasp and interpret how great our findings are if we do not say so.

In summary, the literature review adopts a funnel strategy structured around five
steps. Before drafting the literature review, you should identify and select the most
influential papers and books in the research area (Section 2). Subsequently, compose
the text following these five steps: (1) begin with one or two sentences to highlight
the importance of the research topic; (2) carefully select the publications to be cited
and weave them into a narrative that integrates arguments, facts, and ideas, em-
phasizing the existing body of knowledge and the findings of other researchers; (3)
summarize the key points from Step 2; (4) identify the gap in the literature and
demonstrate its connection to the existing knowledge; and (5) address the gap by
highlighting your main finding and explaining its contribution to peers and society.

4.1 Use the funnel strategy with ChatGPT

At this point, you are ready to draft the introduction section of your paper. Re-
member, the introduction serves as the starting point for readers to understand your
research findings. Therefore, it is essential to craft an engaging and compelling text.

The introduction section acts as a guide, providing your readers with a clear
path to follow. By logically linking sentences, you connect ideas that lead to your
research question. Along the way, include citations from relevant publications to
support your claims and reasoning. A well-written introduction with in-text citations
demonstrates your deep understanding of the research area. It fosters a dialogue
with your readers, showing them how existing knowledge connects to your novel
findings. To create this section effectively, consider employing the funnel strategy,
which can be further supported with tools like ChatGPT
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Fig. 8 Fractal image. It was drawn by Bing-ChatGPT through the command “draw me a very

unusual, unique fractal based on the Mandelbrot set.”

In addition to mastering the funnel strategy, you are familiar with various tem-
plates (Section 4), which ChatGPT can generate in abundance to suit your needs.

A potential writing strategy involves filling in templates with your research ideas.
Since no single template perfectly fits all scenarios, you should experiment and
determine what works best for your research paper. During the writing process, you
can engage with ChatGPT for feedback and examples. For instance, you can share
a section of your text with ChatGPT, which can effectively evaluate its quality and
provide corrections (Chapter 2).

Caution. Never, ever copy-and-past contents of Bing-ChatGPT into your sci-
entific writing. Copy-and-paste means plagiarism. Be careful.

ChatGPT can function as an expert on your research topic by reflecting ideas
from its extensive database. Additionally, it can synthesize concepts and introduce
intriguing, previously unknown insights. For example, let us consider drafting the
introduction section of a paper on fractals, a significant topic in mathematics. For
this purpose, you could employ Answer 3.5.

As demonstrated in Answer 3.5, Bing-ChatGPT produced a text on fractals that
offers an overview, includes relevant citations, and highlights fascinating facts.
However, it is important to recognize that Bing-ChatGPT does not replace you as the
author. The ultimate responsibility for writing the introduction section rests solely
on your shoulders.
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Answer 3.7: Bing-ChatGPT

>> In English. Give me only essential information. Do not show me

greetings. Suppose you are an experienced scientific writer and

you have mastered all the knowledge about [fractals], an important

branch of [Mathematics]. Write me an introduction for a scientific

paper about [fractals]. Write in a confident voice. In your writing,

balance long and short sentences. Avoid jargon. Do not write

basic information about [fractals] because you will write this

introduction section for a scholarly research article, and all of

your readers know much about [fractals]. Write your introduction

following the "funnel strategy". This strategy obeys the next

steps. Step 1: Importance; Step 2: Evolution and background;

write 6 paragraphs to emphasize the evolution and background on

[fractals], and add in-text citations to support your ideas; Step 3:

Write only one sentence containing the summary of Step 1 and Step 2

together; Step 4: Write the word "however" and next present a gap in

knowledge about [fractals]. Suppose that you have a great discovery

on [fractals] and you will present this discovery here. The word

"however" delimits what other researchers have found and what you

have found. Be specific. Focus on only one gap the knowledge.

Explain this gap; Step 5: Fill the gap. Explain what are the

findings that you have found; Last step: Present information about

what will come next in your paper. To make these steps engaging for

readers, critically review the literature. Add in-text citations to

the whole text using references from PubMed and Scientific Direct.

For these in-text citations, follow the form of [Smith et al.] or

[N], where "N" is a reference number. Remember that this text is for

the introduction section of a scholarly paper on [fractals] and must

contain in-text citations.

Answer:.....................................................................
Thank you for your message. I am glad you are interested in

fractals, which are fascinating mathematical objects that have many

applications and implications in science, art, and nature. Fractals

are geometric shapes that have self-similarity, meaning that they

look the same at different scales. For example, if you zoom in on a

snowflake, you will see smaller snowflakes that resemble the whole.

Fractals also have fractional dimensions, meaning that they are more

complex than regular shapes like lines, circles, or cubes.

You asked me to write an introduction for a scientific paper about

fractals. This is a challenging task, but I will try to do my best.

Here is a possible introduction:

Continue on next page.
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Continued 1: (from Answer 3.7)

Fractals: A New Perspective on Geometry and Nature

Geometry is the branch of mathematics that studies shapes and their

properties. For centuries, geometry has been based on the assumption

that shapes can be described by simple formulas and measured by

integers. However, this assumption fails to capture the complexity

and diversity of many natural phenomena, such as clouds, mountains,

coastlines, and plants. These phenomena exhibit irregularity,

roughness, and self-similarity at different scales, which defy

the conventional rules of geometry.

In the 20th century, a new branch of geometry emerged to address

this challenge: fractal geometry. Fractals are shapes that have

fractional dimensions, meaning that they occupy a space between

dimensions. For example, a line has dimension one, a square has

dimension two, and a cube has dimension three. A fractal curve,

such as the Koch snowflake (1), has dimension between one and two,

because it is more complex than a line but less than a square.

Fractals also have self-similarity, meaning that they are composed

of smaller copies of themselves at different scales. For example, if

we zoom in on the Koch snowflake (1), we will see smaller snowflakes

that look like the original.

Fractal geometry was pioneered by Benoit Mandelbrot (2), who coined

the term fractal from the Latin word fractus, meaning broken

or fragmented. Mandelbrot was inspired by the work of earlier

mathematicians, such as Felix Hausdorff (3), Gaston Julia (4),

and Helge von Koch (5), who explored the properties of continuous

but non-differentiable functions and sets. Mandelbrot also used

computer graphics to visualize and generate fractals, such as the

famous Mandelbrot set (6), which is a set of complex numbers that

produces an intricate and beautiful pattern when iterated by a

simple formula.

Remaining of this answer is omitted





Chapter 4
Elements of style

Alessandro N. Vargas

Abstract: This chapter outlines strategies to improve academic writing by
enhancing clarity, impact, and flow. It emphasizes the importance of topic
and stress positions in structuring sentences to organize information and
guide readers’ attention. Common issues, such as nominalizations in topic
positions, prepositional phrases, or as objects and adjectives, are examined.
The chapter also discusses techniques for smooth transitions by linking
stress positions to subsequent topics and maintaining cohesion. Finally, the
chapter offers methods for rewriting convoluted sentences, removing re-
dundancies, and ensuring proper emphasis.

Some researchers procrastinate in writing their findings. They refuse to write
down their ideas until they believe they know the topic sufficiently well [75, p.
29]. On other occasions, they procrastinate because of fear—having their writing
scrutinized by peers scares them [75, p. 17]. However, procrastinating writing is a
mistake, according to the author of [182, Sec. I]. As pointed out in [182, Sec. I], new
ideas arise while we write. And finding new ideas and developing them represent a
clear benefit of writing. As a result, writing is an active way of learning [6].

While writing, we might change our minds or find a different path to reach our
destination: communicating a clear message. We can even evaluate whether our
arguments make sense. Writing helps us clarify our thinking. And clear thinking
helps our readers understand us better.
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1 Papers get rejected because of poor writing

Imagine a paper presenting brilliant ideas, solid evidence, and original insights.
However, it is riddled with vague sentences, unclear expressions, typos, and gram-
matical errors.

What will happen to such a paper when it reaches the journal’s Editorial desk?
It will receive an outright rejection. Why? Because poor language sends a negative
signal to Editors. It implies the authors either neglected to polish their text or lacked
the resources to do so [95]. In either case, it creates the impression that the content
itself is of low quality.

As highlighted in previous chapters, effective scientific writing requires logical
organization and clear communication. Poorly written manuscripts not only fail to
engage readers but also create unnecessary obstacles for Editors.

Given Editors’ numerous responsibilities, which include managing an influx of
submissions, they cannot afford to spend time correcting language issues. There-
fore, authors should not expect Editors to edit or proofread their work. Be sure that
Editors will reject papers written poorly.

Even if a manuscript passes the initial editorial screening, poor writing remains
a significant barrier during peer review. Surprisingly, poor writing is cited as a more
frequent cause of rejection than inadequate statistical analysis [112, p. 188]. Simply
put, no one has the patience to read poorly written text.

Authors whose native language is not English bear the same responsibility as
any native for producing high-quality writing. To overcome linguistic challenges,
authors can utilize various resources as online editing services are ubiquitous, such
as ‘ChatGPT’, ‘Microsoft-BING,’ and ‘Grammarly.com.’ As a strategy, authors
can collaborate with English-speaking researchers by inviting them to join the re-
search team [95].

Regardless of the tools or approaches used, the writers’ goal remains the same:
to produce clear, concise, and engaging writing that effectively communicates the
research findings.

Readers, when faced with excessive difficulty, give up. As emphasized in [112,
p. 192], “most prose creates trouble for the reader more than half the time.” As such,
clarity in writing is not only a matter of good taste; it reflects efficiency, respect for
the audience, and a commitment to effective communication. Lack of clarity is not
just confusing—it is selfish, inefficient, and ultimately detrimental to the dissemi-
nation of knowledge.

2 Structuring sentences and paragraphs

When the information within a section is logically organized, readers can process
it more quickly and retain its contents more effectively. Experienced writers are
well aware of this. They follow established principles to structure sentences and
paragraphs.
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A common practice in scientific writing is to divide a section into three distinct
parts; see Fig. 9. These parts define how information is presented; this three-part
structure contributes to the overall coherence of the text, as detailed next.

The first part corresponds to the introductory paragraph. Its goal is to provide
an overview of the section. Indeed, this paragraph sets the stage by connecting the
section to the previous one and outlining the section’s objectives. For example, writ-
ers use this part to state the purpose of the section explicitly, resorting to common
phrases like “This section describes ...,” “This section shows ...,” or “In this section,
we present ....” The introductory paragraph is essential for preparing readers and
guiding them toward the next part.

The second part forms the main body of the section. This is where ideas are devel-
oped, arguments are presented, reasoning is elaborated, evidence is discussed, and
findings are detailed. The middle part must be coherent and cohesive, with sentences
organized to maintain the reader’s engagement and to reinforce the main points of
the paper. Here, writers use logical transitions among sentences. Each sentence adds
an idea that contributes to the overall argument.

The third part, while not always mandatory, is often a concluding paragraph. Its
goal is to summarize the key points or the main contributions. This summary helps
readers retain the most relevant information and reinforces the takeaway message.

Since the main body contains numerous details—such as claims, evidence, ar-
guments, findings, and implications—the concluding paragraph serves as a signal
of what is most important. It may also highlight the significance of the section’s
content within the broader context of the research. Common phrases for this part
include “In summary, this section ...,” “The findings of this section indicate that ...,”
and “Finally, we have shown ....”

By following this three-part structure, writers can present their ideas in a way
that is both logical and reader-friendly.

In summary, a well-structured section improves the clarity and contributes to the
whole manuscript.

3 On building sentences

Every composition begins with the careful selection of words, as each word carries
its own meaning. Words like “cake,” “ice,” “peace,” and “tree” have clear definitions,
yet they do not convey anything significant when standing alone.

To communicate a meaningful message, words must be connected with others to
form sentences. Thus, a word in a sentence carries much more meaning than when
isolated. Still, a common complaint among authors is how to select the right words,
as they know well-chosen words will result in a clear sentence.

Even accomplished writers acknowledge that they struggle with choosing the
correct words to fit into sentences. They emphasize writing is an iterative process;
revising and refining sentences multiple times is the norm to produce engaging and
effective text (e.g., [77, Ch. 3], [162, Ch. 5], [177, Ch. 1]).
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Section

what is
ahead

content

Explain

Main

Summarize

Fig. 9 Scheme of a section. The first paragraph states what readers will find ahead; the middle of
the section shows the arguments, ideas, and evidence that support the writer’s ideas stated in the
first paragraph; and the last paragraph summarizes the whole section.

Accomplished writers keep repeating that their writing skills were not innate;
rather, their skills were cultivated and honed through education and consistent prac-
tice [77, Sec. 1.6, p. 10]. They also stress the importance of mastering the formal
structure that shapes standard English [100, 84].

English follows a set of rules and principles that dictate how language operates
and how it should be used. Writing effectively then requires more than creativity
and self-expression; writers have to abide by these rules rules and principles, laid
out in grammar books.

Grammar serves as the structural foundation of language. Like any structured
body of knowledge, grammar consists of specific elements, each with a defined
name and purpose.

Next, we will revisit the names and functions of some fundamental grammatical
elements

3.1 Building a paragraph

A paragraph consists of a group of sentences that work together to present an idea or
develop a specific thought [182, Ch. 3]. This idea or thought is commonly referred to
as the topic of the paragraph. Linguists and researchers define a sentence containing
this topic as the topic sentence. They recommend placing this sentence at the very
beginning of the paragraph (e.g., [133, p. 38], [77, Ch. 6.2, p. 95], [137]).

These specialists recommend that each paragraph must focus on only one idea
[110, Ch. 5, p. 109], [112, p. 205], which coincides with the idea introduced in the
topic sentence [77, Sec. 6.2, p. 94].
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The topic sentence states the paragraph’s main idea. The topic sentence works as
an introduction for the paragraph, giving readers a general idea of what will come
next.

The middle of the paragraph should contain sentences that reinforce and expand
upon the idea expressed in the topic sentence. Since the topic sentence creates an
expectation in the reader’s mind, the subsequent sentences should fulfill this ex-
pectation. These sentences present relevant information, such as facts, examples,
arguments, evidence, and even a review of the literature [141]. In this part, writers
can cite reliable sources, thus enhancing paragraph’s credibility.

For instance, a paragraph discussing the complexity of scientific publications
becomes more credible with a trusted source, as shown below:

According to a recent survey, 87% of professors in a specific field reported diffi-
culties understanding articles published by their peers [174].

When constructing sentences, it is important to consider their length. Writers
should be mindful not to rely excessively on long and intricate sentences, as this
could overwhelm readers (see further discussion in Section 3.7). While longer sen-
tences can convey complex ideas effectively, they should be used selectively and
thoughtfully. Many experienced writers suggest that paragraphs featuring a variety
of sentence lengths are more engaging and reader-friendly (e.g., [58, p. 41], [70, p.
184], [137], [138, Ch. 5], [185, p. 36]).

After crafting the paragraph’s middle section, the writer’s next task is compose
the final sentence. It can be used to summarize the paragraph’s content, conclude
the reasoning, emphasize the core idea, or build a connection to the subsequent
paragraph. Writers can freely choose among these options, but the most common
approaches include summarizing the paragraph’s main idea or establishing a link to
the next paragraph.

Concluding with a summary sentence is an interesting strategy, as it allows writ-
ers to distill what should be remembered from both the paragraph and the section.

Alternatively, the final sentence can serve as a bridge between paragraphs. Writer
can utilize two techniques: (i)the stress-topic strategy (Section 6) and (ii) the
transition-word strategy (Section ??), A smooth flow of ideas follows. For method
(i), the first sentence of a new paragraph incorporates information from the previous
paragraph; for method (ii), the first sentence incorporates transition elements from
the previous paragraph.

In summary, constructing a cohesive and engaging paragraph requires attention to
the topic sentence, supporting middle sentences, and a concluding sentence that ei-
ther summarizes or transitions. By mastering these elements, writers can craft well-
structured paragraphs that enhance clarity and readability.
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3.2 Grammatical elements

Let us recall the distinction between a phrase and a sentence. A phrase is a set of
words that functions as a unit within a sentence [113, p. 6]. In other words, a phrase
is part of a sentence. However, a phrase does not convey the full intended meaning
because it lacks either a verb, a subject, or both. In contrast, a sentence is a complete
unit of text, as it contains both a subject and a verb and expresses a complete thought
[133, p. 11].

A clause is a group of words that includes both a subject and a verb [113, p. 7].
Clauses are categorized into two types: independent and dependent. An independent
clause expresses a complete idea and can stand alone as a sentence (e.g., ‘John en-
joys studying’). A dependent clause, on the other hand, does not convey a complete
idea and relies on other parts of the text to provide meaning (e.g., ‘Because John
enjoys studying’). Understanding these distinctions is essential for constructing a
coherent sentence.

While phrases enhance the meaning of sentences by adding detail and nuance,
clauses serve as the building blocks of sentences. Both clauses and sentences play a
critical role in crafting meaningful and well-structured texts.

An example of a sentence and its internal structure is illustrated in Table 1.

3.3 Active or passive: which one should we use?

Every sentence can be classified into one of two modes based on its ‘voice,’ namely,
the active voice or the passive voice.

Active voice. A sentence is in the active voice when the subject performs the
action. This requires a doer [113, p. 3]. For example, in the sentence ‘The student
wrote the report’, the subject ‘the student’ performs the action, making the sentence
active.

Passive voice. A sentence is in the passive voice when the subject receives the
action [113, p. 145]. The passive voice generally includes the verb ‘to be’ followed
by the past participle of another verb. For instance, in the sentence ‘The report was
submitted by the student’, the subject ‘the report’ receives the action. This sentence

Table 1 Example of a sentence’s grammar structure.

Text Definition
Mark cleans the house when John is studying at the library sentence

when John is studying at the library dependent clause
John is studying at the library independent clause

studying at the library verbal phrase
at the library prepositional phrase
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includes the verb ‘to be’ and the past participle ‘submitted;’ they together form the
passive construction.

Experienced writers advise prioritizing the active voice over the passive voice
(see [64, p. 107], [90], [110, Ch. 5, p. 110], [112, p. 213]). Their preference for the
active voice stems from two important advantages. First, the active voice places the
doer as the subject and the action as the verb, aligning with the pattern that readers
naturally expect [110, p. 109]. Second, the active voice uses fewer words, leading to
shorter and more fluid sentences. Shorter sentences enhance readability and improve
the overall flow of text (see Section 3.5).

Because of these reasons, the active voice is typically preferred by writers. To
further illustrate the advantages of active voice, consider the following examples.

Active voice. The student prepared two experiments. (5 words)
Passive voice. Two experiments were prepared by the student. (7 words)

The active voice is concise and straightforward, requiring fewer words than the
passive voice. The active voice is typically less awkward, more engaging, and easier
to comprehend.

On the other hand, the passive voice often demands more words and forces read-
ers to reorganize the sentence mentally. In other words, readers must convert the
backward-passive construction into the standard subject-verb order to fully grasp
the meaning, as noted by [110, p. 109]. The passive voice often appears dull and
stilted [137].

Confirming the difficulty readers have with passive voice, George Orwell recom-
mended in his essay that “Never use the passive where you can use the active,” [132,
p. 176].

Despite criticism from many experts, the passive voice remains a valuable tool in
specific contexts [161, p. 32]. For instance, the passive-voice example above empha-
sizes the noun ‘two experiments,’ shifting focus away from the doer (‘the student’).
Moreover, the expression ‘by the student’ can be omitted if the writer desires a
shorter and more streamlined sentence. Such flexibility allows the passive voice to
serve particular rhetorical purposes.

The following section delves into the selective use of passive voice and highlights
its advantages when employed sparingly.

3.4 Benefits of passive voice

Despite criticism from some writers who consider the passive voice weak or evasive,
it can still serve an important purpose when the emphasis is on a specific action that
has occurred, or when the doer is unnecessary or unknown. The passive voice is
most effective when used sparingly, as detailed below.

Consider the sentence ‘The report was submitted yesterday.’ This sentence does
not specify who submitted the report; the identity of the doer is omitted because
it is either irrelevant or unknown. This demonstrates how the passive voice can be
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used effectively. Another example is the sentence ‘Samples were collected ...,’ which
avoids mentioning the ‘who’ and focuses on the occurrence of a specific action [79].
Let us analyze one more example:

Passive voice. The Editor accepted the paper since it showed novelty. It is being
published this month.

In this example, the second sentence ‘It is being published this month’ employs
the passive voice. Together, the two sentences are coherent and well-connected. The
topic of the first sentence (e.g., paper) becomes the subject of the second sentence
(e.g., it), creating a logical flow of ideas (see Section 6).

Now, consider rewriting the last example using the active voice:

Active voice. The Editor accepted the paper since it showed novelty. The Editor
is publishing the paper this month.

In this example, the active voice disrupts the cohesion between the two sentences.
It breaks the sequence of stress-topic information, as the repetition of ‘the Editor’
interrupts the flow of ideas (see Section 5). Furthermore, the active voice introduces
redundancy by unnecessarily repeating the subject, ‘Editor.’ By contrast, the pas-
sive construction avoids these issues, offering a smoother and more cohesive flow.
This illustrates how the passive voice can improve clarity and coherence in certain
contexts.

As a final note, selecting the appropriate voice in scientific writing is ultimately
a matter of style. According to [72], between 10 and 20% of sentences in scientific
magazines published in the UK are written in the passive voice. However, the last
few decades have witnessed a steady decline in the use of passive voice in scientific
writing [9, 87].

In summary, when deciding which voice to use, consider what aspect of the sen-
tence you wish to emphasize. Use the active voice to highlight the doer and the
passive voice to emphasize the action. Regardless of your choice, incorporate both
voices judiciously to add variety and improve the quality of your writing [64, p.
111].

3.5 Embrace short sentences

Any scientific paper is composed of a certain number of sentences, and these sen-
tences must be arranged systematically to express a meaningful thought.

Studies on improving scientific writing consistently highlight the importance of
short sentences in facilitating reading and comprehension (e.g., [8], [36, Ch. 5, p.
115], [77, p. 38], [177, Ch. 1], [185, p. 36]). Mark Twain once remarked that writing
brief sentences is ‘the modern way and the best way’ to write English [64, p. 65].
Twain’s wisdom is supported by a recent study demonstrating that as more objects
enter a person’s visual scene, their attention decreases [114]. Drawing a parallel
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with reading, these findings imply that our brains’ attention diminishes as sentence
length increases. More words, less attention.

This phenomenon is corroborated by research in linguistics and psychology.
These disciplines have developed numerous formulas to measure text comprehensi-
bility. While the practicality of these formulas remains debatable (e.g., [7, 51, 71,
183]), there is a consensus that shorter sentences definitely improve comprehension—
the shorter, the better [13].

One clear advantage of short sentences is that they reduce the likelihood of los-
ing readers along the way. Indeed, readers are less likely to struggle with lengthy,
convoluted sentences. Longer sentences may cause them to lose focus or interest.
As Peter Elbow wisely noted, ‘every word omitted keeps another reader with you’
[40, p. 41].

Another benefit of short sentences is the reduction of grammatical errors. Long
sentences invite errors, such as incorrect verb tense, unclear pronoun references,
comma splices, misplaced modifiers, and dangling modifiers [77, Sec. 1.7]. By sim-
plifying sentence structure, writers can minimize these errors, enhance clarity, and
communicate more efficiently [101].

Historically, newspaper editors have instructed writers to use shorter sentences in
press publications [103]. This practice has made articles more reader friendly, with
sentences typically containing 15 to 20 words (e.g., [77, Sec. 4.5], [157]). Beyond
journalism, the benefits of shorter sentences extend to social justice, as they promote
accessibility and inclusiveness [111].

Strunk and White also emphasize brevity in their advice to ‘omit needless words,’
as this creates better sentences and avoids distracting readers [159, Ch. 17]. Elim-
inating unnecessary words results in clearer, more impactful text. To illustrate this,
consider the following example:

It is well established in the literature that a capacitor is a device that can store
energy.

In this sentence, the phrase ‘It is well established in the literature that’ adds no
value to the message. By removing these unnecessary words, the sentence becomes
more concise:

A capacitor is a device that can store energy.

This revision highlights the core message and makes it easier to grasp. Consider
another example:

Experiments performed to evaluate when the temperature started increasing
showed that the resistor heated beyond a safe limit once electrical current flowed
through the resistor’s terminals.

A simplified sentence makes the meaning clear, as follows.

Experiments showed the resistor heated excessively when its current increased.



60 4 Elements of style

These examples demonstrate how shorter sentences improve clarity and readabil-
ity. Cutting unnecessary words results in a text that is easier to understand.

Given that the primary goal of academic writing is to spread knowledge, writing
shorter sentences is a wise move [118]. However, complex ideas sometimes require
longer sentences. Writers are free to use more words when needed, provided that
they do so for clarity, to be discussed in the next section.

3.6 Short sentences may not always be the best option

Short sentences can convey clear and simple ideas; however, they should be used
with care. Consider the following paragraph:

The device was turned on. It worked. It became hot. Heat could damage the
device. The device was turned off.

This paragraph relies exclusively on short sentences, which makes it choppy and
monotonous. The ideas in each sentence appear disconnected from one another,
resulting in a lack of logical flow. Furthermore, the sentences fail to provide details
or descriptions that could engage the reader’s interest, leaving little motivation to
continue reading. Now consider the improved version below:

While the device was turned on, the operator noticed that it got hotter and hotter.
To protect it from overheating damage, the operator turned it off.

This revised paragraph combines sentences of varying lengths, creating a natural
rhythm and cadence. Note that we included new words in the final sentence. With
that, the text raises curiosity about the cause of overheating, perhaps leaving readers
thinking.

In many cases, conveying an idea effectively requires supplementary informa-
tion, which is better expressed through longer, more detailed sentences. Such sen-
tences may incorporate punctuation marks, parentheses, hyphens, and dashes (e.g.,
[125, Ch. 6]), while others contain phrases beginning with ‘which,’ ‘that,’ and ‘who’
(e.g., [15, Sec. 3]).

An important grammatical structure in longer sentences is the dependent clause
(e.g., [17, Sec. 3.10, p. 192]). A dependent clause contains both a subject and a verb
but cannot stand alone as a complete thought. For example, in the phrase ‘While the
device was turned on,’ the word ‘While’ prevents this clause from being indepen-
dent. A complete sentence requires the main clause, such as ‘the operator noticed
that it got hotter and hotter.’ This demonstrates how dependent clauses clarify rea-
soning and contribute to the overall writing coherence [133, p. 101].

In conclusion, while short sentences can enhance communication, relying exclu-
sively on them can create issues such as monotony, lack of detail, and diminished
cohesion. A balanced approach that incorporates both short and longer sentences,
along with dependent clauses and varied grammatical structures, is essential for ef-
fective and engaging writing.
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3.7 Strategies for balancing short and long sentences

There is no ideal length for a sentence in academic writing [137], [149, Ch. 12.6]. A
common rule of thumb, widely documented in scientific-writing manuals, suggests
that sentences should be short. However, no one defines what is a short sentence.

An experienced scientific writer suggests that a sentence should ideally contain
around 20 words and should never exceed 40 words [36, Ch. 5, p. 115]. Sentences
longer than 40 words should be split into shorter ones; and when forced to write
shorter sentences, writers will detect unnecessary words and will cut them off [64,
p. 62].

A study advocates that authors should aim for an average sentence length from
20 to 22 words [77, Sec. 4.5]. Instead of focusing on word counts, the author of
[185, p. 36] prefers sentences that span one or two lines. In news media and popular
magazines, writers are requested to keep sentences concise, typically not exceeding
20 words [64, p. 51].

Interestingly, popular and successful works of authors such as Charles Dickens
and J. K. Rowling, as well as scientific bloggers, exhibit an average sentence length
of fewer than 20 words [118]. Similarly, magazines like Reader’s Digest and Time
feature sentences that are predominantly under 20 words [64, p. 36]. Taken together,
these examples reinforce the view that writing shorter sentences is a wise strategy.

The prevalence of sentences with 20 words or fewer in successful literature may
encourage scientific writers to adopt this approach. To some extent, adhering to
shorter sentences can facilitate comprehension (see Section 3.5).

While long sentences can be useful for conveying intricate ideas, they should
be used sparingly [35, p. 148]. Writers should avoid introducing unnecessary com-
plexity, as excessive complexity negatively impacts text comprehension [129]. The
goal of academic writing is not to be overly complex and dull but to craft clear and
concise sentences. Common sense suggests that embracing shorter sentences is a
practical step toward achieving this goal [118].

When communicating scientific discoveries, writers should find a balance be-
tween long and short sentences, with a preference for shorter ones. Writers can also
leverage the rich grammatical structures available to enhance clarity and flow [136].
For instance, breaking a compound sentence into two shorter sentences and starting
the second with ‘In addition’ or ‘Moreover’ often improves clarity.

Regardless of sentence length, writers are encouraged to adhere to the principle,
‘Do not say too much all at once’ [185, p. 36].

4 One idea per sentence

Experienced writers emphasize that a sentence should ideally convey only one idea
[77, Sec. 4.5]. When a single sentence attempts to express two or more ideas, it
often requires additional words, punctuation, conjunctions, dependent clauses, or
nominalizations. These elements contribute to longer and more complex sentences,



62 4 Elements of style

which can increase the cognitive load upon readers. This heightened load makes it
more likely that readers will lose track of the sentence’s meaning or, worse, give up
the text completely [8].

Despite this, some scientific writers insist on combining multiple ideas into a sin-
gle sentence [8]. They assume that merging ideas into fewer sentences saves space
and enhances communication. However, this assumption is wrong. For most cases,
such sentences become convoluted, making them harder to understand, and leaving
room for ambiguity or misinterpretation [8].

To improve readability and ensure effective communication, simplicity should
be a priority. An effective way to achieve simplicity is to adhere to the ‘one idea
per sentence’ rule. By limiting each sentence to a single idea, writers help ensure
that their thoughts are presented clearly and logically. This practice not only helps
clarify complex ideas but also reduces the likelihood of miscommunication.

In conclusion, the practice of expressing only one idea per sentence is effective
in scientific writing. It promotes clarity, reduces cognitive load, and makes the in-
formation easier to grasp.

5 Key positions within a sentence: topic and stress

Language experts have identified two key positions within a sentence that carry
greater emphasis: the beginning and the end. These positions are referred to as topic
and stress, respectively (e.g., [149, Ch. 12.6]).

Consider the following example:

Scientific writers︸ ︷︷ ︸
topic

remain indifferent to requests to avoid convoluted sentences︸ ︷︷ ︸
stress

.

The topic position appears at the beginning of a sentence and is where writ-
ers provide familiar or previously mentioned information. This position acts as a
foundation, guiding readers through the text by establishing context. In the above
example, the term ‘scientific writers’ serves as the topic. It introduces a concept that
is likely already known to the reader, requiring no further explanation.

The stress position, located at the end of the sentence, introduces new or signifi-
cant information. This is the most impactful part of a sentence, as it draws readers’
attention [77, Ch. 6.2], [59, p. 552]. In the given example, the term ‘convoluted sen-
tences’ occupies the stress position. This phrase introduces novel information that
prompts curiosity and creates a logical connection to subsequent sentences. The
writer will likely elaborate on the concept of convoluted sentences in the following
parts of the text.

The strategic use of these positions enhances the effectiveness of communica-
tion. Placing familiar information in the topic position prepares readers for what
follows; using the stress position for new or critical ideas ensures that they receive
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the attention they deserve. Together, these positions create a natural flow within a
sentence.

Writers should consider placing less important information in the middle of a
sentence, between the topic and stress positions. Structuring sentences in this way
allows writers to guide readers through their arguments with clarity and precision.

5.1 Bring the most critical information to the stress position

A sentence can lose its impact when unnecessary words gravitate in and around
or occupy the stress position, diluting the importance of the core information. To
resolve this, writers can either remove redundant words or reposition them toward
the middle of the sentence. This restructuring allows the key information to occupy
the stress position.

Consider the following example of a sentence with imprecise information in the
stress position:

The experiment failed to confirm our prediction, as no consistent change in tem-
perature was measured.

The issue with this sentence lies in the second clause, where ‘was measured’ occu-
pies the stress position. This phrase is not the key piece of information that deserves
emphasis. The most important detail—‘no consistent change in temperature’—is
diluted and lacks emphasis. By revising the sentence, we can effectively address
this issue, as shown below:

The experiment failed to confirm our prediction, as there was no consistent
change in temperature.
The experiment failed to confirm our prediction, as we did not measure a con-

sistent change in temperature.

These revised sentences achieve clarity and impact through two key improve-
ments. First, the critical information (‘no consistent change in temperature’) now
occupies the stress position, giving it the emphasis it deserves. Second, both sen-
tences establish subject-verb connections early in the clause. In the first sentence,
the verb ‘there was’ is brought to the forefront, creating a clear and direct statement.
In the second sentence, the subject ‘we’ is explicitly linked to the verb ‘measure,’
improving readability and engagement.

By placing the most important information in the stress position, the writer en-
hances the logical flow of ideas and sets up the sentence for greater impact. This
practice also makes it easier for readers to follow the progression of arguments.

In conclusion, prioritizing the stress position for key information enhances sen-
tence clarity, engagement, and impact, improving overall coherence and readability.
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6 Creating a flow of ideas

Skilled writers use various methods to establish the so-called flow of ideas. This flow
is essential in crafting texts that are clear and easy to read. The concept is simple:
when a text promotes a flow of ideas, it becomes smooth and pleasant to read. Read-
ers, under these conditions, do not struggle with convoluted or fragmented sentences
but instead engage effortlessly with the material.

One fundamental strategy for creating this flow is the topic-stress strategy [77,
Sec. 6.3]. This approach involves connecting the topic of one sentence to the stress
of the preceding sentence [149, Ch. 13, p. 126]. By aligning these elements, writers
can create continuity and ensure that ideas flow seamlessly. Consider the following
example:

Scientific writers remain indifferent to requests to avoid convoluted sentences.︸ ︷︷ ︸
stress

Yet a convoluted sentence︸ ︷︷ ︸
topic

introduces unnecessary complexity,

such as pompous words, jargon, nominalization, and overly long clauses.

In this case, the stress of the first sentence (i.e., ‘convoluted sentences’) transi-
tions naturally to the topic of the second sentence. This logical connection keeps
readers engaged and ensures coherence. Using this stress-to-topic flow builds logi-
cal bridges between ideas, making the text easier to follow.

Another way to create a flow of ideas is to write paragraphs where information
introduced in the topic position recurs throughout the paragraph, as documented in
[133, Ch. 3.3, p. 37] and [161, p. 31]. This technique allows writers to reinforce the
main idea while adding depth. Let us consider an example:

Table 2 List of pronouns.

Type of pronouns Pronouns
Personal I, we, you, he, she, it, they
Object me, us, you, him, her, it, them

Possessive mine, ours, yours, his, hers, theirs
Demonstrative this, that, these, those

Relative who, whom, which, that
all, another, any, anybody, anyone, anything,

Indefinite both, each, either, everybody, everyone,
everything, few, many, nobody, none, no one,
nothing, one, several, some, somebody, someone

Interrogative who, whom, which, what
Reflexive myself, yourself, himself, herself,

itself, ourselves, yourselves, themselves
Reciprocal each other, one another
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Being a researcher offers numerous advantages. One primary benefit is that
researchers contribute to advancing knowledge. Not only can they share their
findings with peers and the public, but they also develop critical thinking and
analytical skills by working with data. Additionally, being a researcher opens
up diverse career opportunities. Researchers can thrive in academia, industry, or
government, broadening their expertise across various fields.

In the above example, the phrase ‘being a researcher’ serves as the topic of
the paragraph. Through repetition and references (‘researchers’, ‘they’, ‘their’), the
topic is consistently reinforced, creating cohesion. Pronouns such as ‘they’, ‘it’, or
‘this’ (see Table 2) also play a key role in maintaining flow and linking ideas across
sentences.

However, cohesion alone is not sufficient. A cohesive paragraph must also
demonstrate coherence. Coherence arises from two critical elements: (i) maintain-
ing a logical link to the initial topic, and (ii) introducing fresh, relevant information
in subsequent sentences. In the example above, coherence is achieved as every sen-
tence expands upon or complements the topic ‘being a researcher’ while providing
novel insights.

To summarize, writers can promote a flow of ideas by employing two effective
strategies. First, ensure that the stress position of one sentence connects logically to
the topic position of the following sentence, creating a seamless transition. Second,
maintain a consistent topic throughout the paragraph while introducing new and rel-
evant information. These techniques allow writers to craft engaging, well-structured
texts that keep readers focused and engaged.

7 Be careful with nominalization

Nominalization refers to the transformation of a verb into a noun. For instance, the
verb ‘verify’ becomes the noun ‘verification’ when nominalized. This transforma-
tion often involves modifying the main verb by adding specific suffixes, such as
‘ion,’ as shown in Table 3.

Interestingly, some words function as both verbs and nouns without any changes
in form; for example, the word ‘increase’ can serve either role.

Nominalization is frequently used in academic writing due to its ability to ex-
press abstract concepts. However, some experts argue that it can weaken writing by
transforming vivid, concrete actions with static abstractions [180, p. 49]. This trans-
formation often reduces the dynamic quality of a sentence, making the text feel less
engaging.

Readers generally expect verbs to convey actions, and deviations from this norm
can lead to confusion. For example, the sentence ‘Two gears were extracted from
the machine’ is clear and dynamic because the verb ‘extracted’ directly conveys the
action. Compare this to its nominalized counterpart: ‘The extraction of two gears
from the machine was performed.’ Here, the nominalization ‘extraction’ dilutes the
sentence’s energy, resulting in a cumbersome and less direct statement.
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Despite these criticisms, nominalization has its place, particularly when the focus
of a sentence is on a concept rather than an action. In such cases, nominalization can
provide emphasis and precision. For example, in a discussion about measurement
accuracy, the phrase ‘the verification of results’ may be more suitable than ‘verifying
results’ if the intention is to highlight the process as a key concept rather than an
action.

In summary, while nominalization is a valuable linguistic tool in academic writ-
ing, its use requires careful judgment. Writers should prioritize clarity and engage-
ment by using verbs to depict actions whenever possible. Nominalization is most
effective when it serves to emphasize ideas or concepts, rather than simply compli-
cating sentence structures. Striking a balance between nominalizations and action-
oriented verbs ensures both readability and precision in scientific communication.

7.1 Be careful with nominalization in the topic position

Recall that the topic position works well when it carries information familiar to
readers (Section 5). However, using nominalization in the topic position often leads

Table 3 Examples of nominalization.

Suffix Verb Noun
—ion explain explanation
—tion confirm confirmation
—sion conclude conclusion
—ment develop development
—ance resist resistance
—ence prefer preference
—ism criticize criticism
—al renew renewal
—er teach teacher
—or inspect inspector
—ee train trainee
—ing write writing
—age link linkage
—ant assist assistant
—y recover recovery

Table 4 List of colorless verbs (list borrowed from [110, p. 141]).

Colorless verbs
accomplished, achieved, attained, carried out, conducted,
done, effected, experienced, facilitated, given, implemented,
indicated, involved, made, occurred, obtained, required,
performed, proceeded, produced.
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to awkward phrasing and diminished clarity. Consider the following example:

An acceptance︸ ︷︷ ︸
topic

of the student’s paper occurred.

In this sentence, the verb ‘occurred’ fails to convey action effectively. Instead, the
noun ‘acceptance’ carries the action but is placed awkwardly in the topic position—
a choice that weakens the sentence [105, p. 541]. This lack of clarity draws vitality,
making the sentence awkward.

In scientific writing, nominalization often coexists with what we call colorless
verbs—verbs that lead to vague, ambiguous, or uninspiring sentences. These verbs,
often in past participle form, should be replaced with vivid action verbs [110, p.
141]. To illustrate, consider the following improved sentence:

The Editor accepted the student’s paper.

This sentence is in the active voice. It is clear and concise. It removes the weak
verb ‘occurred’, replaces it with the action-oriented verb ‘accepted’, and places
a doer (‘Editor’) in the topic position. The sentence flows naturally due to two key
features: (i) the noun ‘Editor’ anchors the topic position, and (ii) the verb ‘accepted’
expresses direct action.

While nominalization is often criticized, it cannot always be avoided. In specific
contexts, nominalization can enhance clarity and conciseness. Consider the follow-
ing sentences:

The Editor is introducing new journal policies that should attract more papers.
The introduction of new journal policies should attract more papers.

Both sentences are correct, but the second flows better and is more concise. In-
cluding the phrase ‘by the Editor’ after ‘policies’ would unnecessarily lengthen the
sentence. Because readers typically understand that editors manage journals, this in-
formation can be omitted. This example illustrates how nominalization can produce
shorter, more streamlined sentences while retaining the original meaning.

Another benefit of using nominalization arises when connecting consecutive sen-
tences. Specifically, a nominalization in the second sentence can refer back to a verb
in the first. This technique often uses a pronoun like ‘this’ or ‘that’ followed by the
nominalization. For instance:

Scientific writers prefer the active voice over the passive one. This preference
comes from knowing that the active voice produces shorter, concise sentences.

Here, the nominalization ‘preference’ links back to the verb ‘prefer’ through the
pronoun ‘this.’ This connection creates a logical flow, bridging ideas between sen-
tences and supporting the overall coherence of the text (see also Section 6).

In conclusion, while nominalization should be used cautiously—particularly in
the topic position—it is a valuable tool for conciseness and cohesion when em-
ployed judiciously. Writers must balance nominalization and active verbs to main-
tain clarity and ensure the flow of ideas throughout their work.
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This example shows that the verb ‘prefer’ links meaning to the nominalization
‘preference’ through the pronoun ‘this’. To sum up, nominalization allows us to
bridge ideas between sentences, which supports the flow of ideas (see also Section
6)

7.2 Be careful with nominalization as an object

An object in a sentence represents a noun that receives action from a verb. For
instance, in the sentence ‘Students write essays,’ the word ‘essays’ is the object, as
it receives the action from the verb ‘write.’ However, when the object of a sentence
is a nominalization, it may result in an unclear or complex sentence.

Consider the following example:

The diligent student achieved an improvement︸ ︷︷ ︸
object

in writing skills.

Here, the nominalization ‘an improvement’ serves as the object. However, this
phrasing is less effective because the term ‘in writing skills’ is more central to the
sentence’s meaning. To improve clarity, we can eliminate the weak verb ‘achieved’
and convert the nominalization ‘improvement’ into an active verb:

The diligent student improved in writing skills.

This revised sentence is shorter and clearer, placing the action in the verb ‘im-
proved.’ Rather than relying on nominalization as the object, using an active verb
makes the sentence more direct and efficient.

Let us examine another example:

The function of this department is the registration︸ ︷︷ ︸
object

of accounts.

In this case, the nominalization ‘registration’ can be replaced with its verb form.
The improved sentence reads:

This department registers accounts.

This revision removes both the nominalization ‘function’ and the weak verb ‘is,’
resulting in an easy-to-read sentence. Eliminating the verb ‘is’ often improves the
quality of writing (Section 8). Consider another example:

This book is explanatory of the main writing principles.

This sentence lacks vigor due to the presence of both the nominalization ‘explana-
tory’ and the verb ‘is.’ The improved version replaces these with an action-oriented
verb:

This book explains the main writing principles.
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These examples demonstrate that converting a nominalization, when used as the
object of a sentence, into an active verb significantly enhances clarity and improves
the reader’s understanding.

7.3 Be careful with nominalization as a prepositional phrase

A preposition refers to a set of specific words such as ‘at,’ ‘by,’ ‘for,’ ‘from,’ ‘in,’
‘of,’ ‘on,’ ‘to,’ ‘with’, and others (see Table 5 for a list of common prepositions). A
prepositional phrase is a group of words that begins with a preposition [113, p. 85].
Issues can arise when prepositional phrases contain nominalization. When a noun
derived from a verb (nominalization) is embedded in a prepositional phrase, readers
may struggle to comprehend the sentence. This difficulty occurs because readers
expect actions to be expressed through verbs, not nouns.

Consider the following example:

With serial battery failure, the capacity of the batteries decreased significantly.

In this sentence, the first part is a prepositional phrase beginning with the prepo-
sition ‘with’ and containing the nominalization ‘failure’ to express an action. This
construction is unclear and adds complexity to the sentence. To improve clarity
while retaining the nominalization, the preposition ‘with’ could be replaced with a
more precise word, such as ‘during.’

However, since readers generally expect verbs to convey actions, the sentence
can be improved further by eliminating the nominalization ‘failure’ and rephrasing
with an active verb. Additionally, the vague preposition ‘with’ can be replaced with
a conjunction like ‘when,’ ‘while,’ or ‘as.’ Consider the revised version below:

When the batteries failed, the capacity of the batteries decreased significantly.

This revised sentence uses ‘when’ to introduce a clause with a subject and a verb.
The verb ‘failed’ clearly expresses the action, making the sentence more direct and
understandable. Moreover, the word ‘serial’ was omitted, as it is unnecessary in this
context.

Table 5 List of the most common prepositions (borrowed from [113, p. 65]).

Prepositions
aboard, about, above, according to, across, after, against, ahead of, along, alongside, amid,
among, around, as, as for, as well as, at, before, behind, below, beneath, beside, besides,
between, beyond, but, by, concerning, considering, despite (or in spite of), down, during,
except (or except for), for, following, from, in, in addition to, inside (or inside of), into,
like, near (or near to), of, off, on (or onto), on account of, opposite (or opposite of),
out (or out of), outside (or outside of), over, past, per, plus, round, since, than, through,
throughout, to, toward (or towards), under (or underneath), unlike, until (or till),
up (or upon), versus (or vs), with, within, without.
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These adjustments demonstrate that avoiding nominalization within preposi-
tional phrases leads to clearer, more concise sentences. Prioritizing verbs to express
actions creates stronger and more impactful writing, improving overall readability
and coherence.

7.4 Be careful with nominalization in the role of adjective

Readers generally expect nouns or verbs to carry the emphasis in a sentence. How-
ever, writers sometimes emphasize adjectives, which can divert focus from the in-
tended meaning. Consider the following sentence:

The experiment shows the crucial︸ ︷︷ ︸
adjective

function of heat in temperature regulation.

Here, the adjective ‘crucial’ modifies the nominalization ‘function’ and receives
strong emphasis due to its placement immediately after the verb ‘shows’. However,
the writer intended to emphasize ‘heat’, not ‘crucial’. To clarify the meaning and
shift the emphasis appropriately, the sentence can be revised using a that-clause:

The experiment shows that heat plays a crucial function in temperature regula-
tion.

In the revised version, the that-clause places ‘heat’ as the subject and ‘plays’ as
the verb, adhering to the common subject-verb structure (e.g., [110, p. 109]). This
modification ensures the sentence flows naturally, with the action clearly expressed
in the verb ‘plays’.

Let us examine another example:

Studies on carbon sensors revealed the

adjective︷ ︸︸ ︷
key governing mechanism of

nanostructures for the efficiency of gas detection.

In this sentence, the adjective phrase ‘key governing’ receives undue emphasis,
whereas the focus should be on ‘nanostructures’. Rewriting the sentence with a
that-clause resolves this issue:

Studies on carbon sensors revealed that nanostructures govern the efficiency of
gas detection.

This revision places the subject ‘nanostructures’ and the verb ‘govern’ in the
conventional subject-verb structure. Additionally, the nominalization ‘mechanism’
is eliminated, further streamlining the sentence. The revised version is clearer, more
concise, and easier to understand.
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These examples illustrate that emphasizing adjectives, particularly when paired
with nominalizations, can obscure the intended meaning. By restructuring sentences
and prioritizing subjects and verbs, writers can ensure their meaning is conveyed
effectively and their writing flows smoothly.

8 Weakener of sentences: to be

The verb ‘is’ and its variations (‘are, was, were’) may appear harmless, but they can
weaken writing significantly. Linguists have studied their impact and proposed a
movement called E-Prime [23, 38, 127, 179]. This strategy abolishes ‘to be’ and its
forms (‘am, is, are, was, were, been,’ and ‘being’) from communication. Advocates
claim E-Prime enhances clarity and improves thinking, with evidence supporting its
potential cognitive benefits [127].

E-Prime encourages writers to take responsibility for their statements. For in-
stance, instead of “The book is great,” one could say, “The book helps me learn
calculus.” The latter provides a concrete fact rather than a vague opinion. Similarly,
“Mark is a farmer” becomes “Mark owns a piece of land and cultivates spinach,” of-
fering clarity and specificity. Using vivid verbs fosters better thinking and enhances
credibility [127].

We know that reducing the use of ‘to be’ benefits scientific writing, as the ‘to be’
often appears alongside nominalizations. Nominalizations frequently obscure the
actor, creating vague sentences. For example, “A calibration was performed” uses
the nominalization ‘calibration’ and passive voice, omitting who performed the ac-
tion. Rewriting this sentence actively as “The technician calibrated the instrument”
introduces an actor and dynamic verb, yielding a more engaging result (see Section
7).

Not all authors support the E-Prime movement [46], as the E-Prime purists de-
mand the complete elimination of ‘to be’ from vocabulary [23, p. xiv], [115]. While
E-Prime principles can enhance clarity, the verb ‘to be’ still has valid uses.

For example, “Glass is primarily made of silica” effectively states a fact. Simi-
larly, “I am hungry” feels more natural than “I feel hungry,” despite ongoing debate
[23, p. xv]. Great writers like F. Scott Fitzgerald, Mark Twain, and George Orwell
effectively employed ‘to be’ in their works, showing ‘to be’ has a place in quality
writing.

Eliminating ‘is’ without care can harm writing clarity. For instance, consider:

The resistor was heated, current measured through a short wire made of carbon,
and temperature controlled by adjusting the voltage.

This sentence creates ambiguity. Does it imply “current measured through a
short wire was made of carbon” or something else? Adding ‘was’ for clarification
resolves this:

The resistor was heated, current was measured through a short wire made of
carbon, and temperature was controlled by adjusting the voltage.
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Experienced writers recommend reviewing every instance of ‘is’ and removing it
where possible to strengthen sentences [112, p. 213]. However, thoughtful use of ‘to
be’ can add value when expressing facts or identities, demonstrating that balance,
rather than elimination, leads to effective writing.

9 Be careful with ‘It is ... / It ... that’

Writers often utilize constructions like ‘It is ... ’ and ‘It ... that’ to introduce general
evaluations or assertions. The effect of such constructions is concealing the source
of the evaluation. Namely, while these constructions might appear neutral or ob-
jective, they can dilute precision and make sentences less engaging. This practice
is commonly associated with extraposition, where dummy subjects such as ‘It’ are
employed to shift focus or lend an air of universality to a statement.

In many cases, these constructions allow authors to generalize their claims while
distancing the evaluation from themselves. For instance, consider the following ex-
amples:

It is generally accepted that inflation hurts the economy.
It is known that batteries have a limited lifetime.
It seems clear that teamwork enhances productivity.

In these sentences, the use of ‘It is’ and ‘It ... that’ creates an impression of ob-
jectivity by presenting the statements as widely accepted or uncontested facts. How-
ever, this strategy obscures the agent responsible for the evaluation. Readers find it
harder to assess whether the source of the claim is reliable, as the author’s role is
concealed. This distancing effect makes the statement appear as an established state
of affairs rather than an argument open to discussion.

To enhance clarity and accountability, writers should strive to specify the source
of the evaluation and avoid unnecessary abstraction. For instance, the sentences
above could be rewritten as follows:

Economists generally accept that inflation hurts the economy.
Studies known that batteries have a limited lifetime.
Bill Gates believes that teamwork enhances productivity.

These revisions replace the dummy subject ‘It’ with a concrete actor (e.g.,
‘Economists,’ ‘Studies,’ or ‘Bill Gates’), lending clarity and specificity to the sen-
tence. Readers are better equipped to evaluate the claim when the source is explicit.

While ‘It is ... ’ structures may sometimes serve a useful purpose, such as empha-
sizing the importance of a subsequent clause, they should be employed sparingly
and with a clear intent. Overusing ‘It is ... ’ can lead to monotony and vagueness in
writing. It is better to use active constructions.
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10 Be careful with ‘There is’

Writers use the term ‘there is’ to convey the idea of existence or occurrence [17,
Sec. 11.4, p. 943].

Variations such as ‘there are, there was, there were’ are commonly used in writ-
ing; however, their frequency in scientific papers has been declining for over a cen-
tury. By 2005, the use of ‘there is’ had decreased to half of its prevalence in 1900
[16, p. 122]. This trend reflects the preference of many scientific writers to avoid
‘there is’ because of its tendency to produce longer, less direct sentences [101, 154].
Let us examine an example:

There is a sharp increase in the layer of carbon.

This sentence can be improved by removing ‘there is’ and converting the noun
‘increase’ into its verb counterpart:

The layer of carbon increased sharply.

The revised sentence is shorter and flows more effectively. This demonstrates
how eliminating ‘there is’ enhances clarity and reduces wordiness. Additional ex-
amples follow the same principle. For instance:

There was a team meeting on Friday.
The team met on Friday.

This example illustrates that a sentence without ‘there is’ is concise and easier to
read; the term ‘there is’ often results in less engaging constructions. In addition, by
replacing ‘there is’ with direct action verbs or rephrasing sentences, authors create
a more compelling narrative. Consider the following example:

There is evidence that suggests a new treatment is effective.
Evidence suggests that a new treatment is effective.

In the revised sentence, the active verb ‘suggests’ replaces the ‘there is’ con-
struction, making the sentence more direct. The same principle applies in technical
writing where precision and clarity are critical.

Moreover, when ‘there is’ introduces a concept or fact, it can obscure the agent
responsible for the action. For example:

There is a significant reduction in error rates due to the new algorithm.
The new algorithm significantly reduces error rates.

Here, the revised version highlights the agent (‘the new algorithm’) and makes
the sentence active and informative. This approach ensures the focus remains on the
subject performing the action, which is especially important in scientific writing.

That said, there are occasions where the use of ‘there is’ brings stylistic or con-
textual benefits. For example, consider:

There are two laptops in the laboratory.
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This sentence feels more natural than alternatives such as ‘Two laptops are in the
laboratory’ or ‘The laboratory contained two laptops.’ Similarly, the sentence

There are times when removing adverbs can enhance comprehension.

provides a smoother flow compared to its shorter version: ‘Removing adverbs can
enhance comprehension in certain instances.’ The choice between these options
depends on the writer’s intended tone and style. In some cases, ‘there is’ can help
emphasize certain elements or improve readability.

To summarize, writers should carefully evaluate the use of ‘there is’ in their
sentences. Removing or replacing it often results in more concise and direct expres-
sions, which improves sentence flow and clarity. However, its occasional use may
be justified based on the context, audience, and stylistic preferences. Writers should
prioritize clarity, conciseness, and engagement.

11 Be careful with ‘This . . . ’

The word ‘this’ is commonly used to refer back to ideas mentioned in the preceding
sentence. For example, consider the following:

In recent years, the number of new graduates has increased steadily, while the
number of job positions available has remained fairly constant. This has resulted
in higher unemployment rates.

In this sentence, ‘this’ is unsupported, leaving the reader to infer what it refers to.
Without a clear noun, the reference may be unclear, especially in complex arguments
or paragraphs where multiple ideas are presented. Writers should avoid using ‘this’
on its own if there is any possibility of confusion.

Now consider the next example:

In recent years, the number of new graduates has increased steadily, while the
number of job positions available has remained fairly constant. This situation
has resulted in higher unemployment rates.

In this example, the phrase ‘this situation’ summarizes the idea presented in the
preceding sentence. Specifically, it refers to the combination of a steady increase
in graduates and a limited number of job positions. The use of ‘this’ followed by a
summary noun (‘situation’) helps the reader understand what is being referred to.

To ensure clarity, writers must follow ‘this’ with a specific noun, especially in
academic writing. Doing so eliminates ambiguity and helps readers understand what
‘this’ is all about.

Another consideration is the choice between ‘this’ and ‘that.’ Both can function
as pointers to summarize preceding content, but their use conveys subtle differences
in meaning. ‘This’ suggests closeness or direct continuation, while ‘that’ implies
more distance, either in time or emphasis. For example:

This situation has resulted in higher unemployment rates.



12 Dangling modifiers 75

That situation highlights the challenges new graduates face when seeking job
positions.

In these examples, ‘this’ directly ties to the previous sentence, signaling a closer
connection, whereas ‘that’ creates a slight separation, often used to introduce further
elaboration or a shift in focus.

12 Dangling modifiers

Dangling modifiers are a recurring challenge in scientific writing, as they create
ambiguity and misinterpretation. A modifier is described as “dangling” when its
intended subject is absent or not clearly stated. Readers feel uncertain about what is
being referenced.

Consider the next example.

Using a microscope, the cells were observed.

In this case, the sentence implies that the cells, rather than the researcher, used the
microscope. Another example.

Decreasing sharply, the experiment showed unexpected results.

Here, the experiment seems alive.
Occasionally, the dangling modifier creates unintended humor: “After reading the

study, the hypothesis was discarded.” This implies that the hypothesis, a conceptual
entity, somehow engaged in the reading.

Dangling modifier issues can be solved by adding a ‘doer’, a subject, in the main
clause. Let us illustrate this point through some examples.

Upon entering the room, the beakers were seen on the table.
Upon entering the room, the researcher saw the beakers on the table.

The correction explicitly clarifies the subject performing the action, i.e., the re-
searcher.

While analyzing the data, unexpected trends were identified.
While analyzing the data, the scientists identified unexpected trends.

This version specifies the individuals responsible for the analysis, i.e., the scientists.

Following the experiment, significant errors were found.
Following the experiment, the researchers found significant errors.

By adding the subject, the sentence avoids ambiguity.
In conclusion, dangling modifiers are more than a matter of style—they are ob-

stacles to precision and clarity in scholarly writing. To address dangling modifiers,
identify the subject of every modifier, and bring this subject in the main clause.



76 4 Elements of style

13 Break any cluster with three or more nouns or adjectives

Writers frequently employ a noun or an adjective following a noun [110, Ch. 5]. For
instance, the term “wedding cake” (a two-noun cluster) and “ceremonial cake” (an
adjective and a noun) convey specific meanings for the noun ‘cake’.

A cluster containing two nouns or an adjective and a noun adds clarity, helping
in effective communication. However, challenges arise when this linguistic feature
goes to a extreme.

For example, scientists have a tendency to stack multiple nouns (and adjec-
tives) in a sequence, each modifying the final noun in the chain [110, Ch. 5]. This
construction—where several modifiers precede a single noun—result in convoluted
and barely comprehensible sentences.

Consider the following example:

“Three freshly painted vintage wooden toy cars were displayed in the gallery.”

Which terms here act as primary nouns, and which serve as descriptive modifiers?
Strings of nouns or adjectives arise from the writer’s intention to be brief. How-

ever, clarity is crucial and it cannot be sacrificed for the sake of conciseness. Using
more words, mixed with punctuation, avoids ambiguous interpretations.

Consider, for example, the phrase “old book restoration processes.” It could con-
vey multiple meanings: the processes for restoring old books, restoration processes
for books that are old, or old processes used for book restoration. While this example
may seen trivial, similar occurrences are ubiquitous in scientific texts.

A phrase like “dry flower harvesting techniques” might lead to confusion too:
are the techniques being described for harvesting dry flowers, or are dry techniques
harvesting flowers? Ensuring clarity in these cases requires writer’s vigilance.

Breaking down such strings is not as daunting as it may seem. The goal is to
simplify these clusters into pairs or to introduce words that clarify their meaning.
To achieve this, apply tools such as hyphens, prepositions, or commas to clarify
relationships between words.

Here are some strategies:

1. Insert prepositions or conjunctions. Use connecting words to articulate rela-
tionships explicitly. For example:

“Field soil moisture content measurements” becomes “Measurements of soil moisture
content in the field.”

2. Employ punctuation or hyphenation. Hyphens can clarify modifiers by group-
ing related words:

“High energy particle physics experiment” becomes “High-energy particle-physics ex-
periment.”

3. Reorder and rephrase. Rewrite sentences for greater clarity without sacrificing
precision:
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“Long-term greenhouse gas emission reduction strategies” becomes “Strategies for re-
ducing greenhouse gas emissions over the long term.”

4. Review for unintended meanings. Noun and adjective forms often have subtly
different implications. Avoid unintentional shifts in meaning. For example:

“Parasitic treatment” refers to treating parasites, while “parasitological treatment” per-
tains to the study or science of parasitology.

In summary, avoid creating a string of words with more than two or three con-
secutive nouns or adjectives.





Chapter 5
Research and career

Alessandro N. Vargas

Abstract: This chapter explores key aspects of academic careers, empha-
sizing the prestige associated with certain journals and productivity strate-
gies. This chapter examines the impact of the “publish or perish” culture on
researchers, along with a critical evaluation of the impact factor and its in-
fluence on publication choices. In addition, the chapter offers insights into
how to boost productivity, enriched by contributions from Bing-ChatGPT.

1 Advancing your scientific career

Every researcher’s dream is to join a prestigious institution. However, passing the
hiring process sets only the first step in building an academic career. The second
step involves advancing through the academic ranks. For instance, researchers em-
ployed by universities often begin their careers as ‘Assistant Professors’ (e.g., [60,
p. 77]). Over time, they work to develop their careers, seek promotions, and eventu-
ally get tenure, a term denoting a permanent faculty position that provides lifelong
job security.

Once tenured, a researcher (or professor) cannot be fired except under rare and
exceptional circumstances. While some succeed in earning tenure and securing their
positions, others face rejection, particularly when competing for tenure-track roles
at leading research institutions [55]. For example, data from 2018 reveal that only
25% of professorship positions in the United States were tenured [55, p. 526]. Fur-
thermore, 2015 statistics in science and engineering indicate that for every seven
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The Struggle for Tenure: A Story of a Temporary Lecturer

Mark hurried through the corridors, on his way to deliver the final lecture of the term. As
he entered the classroom, a sudden, chilling thought paralyzed him. He realized this could
be his last class at the prestigious, top-ranked university. “My future is in other people’s
hands”, he recalls. Mark, a temporary lecturer, dreams of securing a permanent position, but
his future at this university is at risk.

Mark spent much of his youth pursuing scientific knowledge. Science has always been
Mark’s passion since childhood. As a graduate student, his groundbreaking achievements
earned the admiration of his colleagues and mentors. His supervisor saw him as a potential
leader in his discipline but also worried about Mark’s lack of social skills. Mark is most of
a shy temperament. However, Mark has grown more confident over time. As a temporary
lecturer, Mark worked hard to teach and mentor his students. Believing he has taken all the
right steps, Mark remains focused on achieving his ultimate goal: securing tenure.

Mark faced a final challenge: applying for promotion to tenure. The tenure review pro-
cess required a committee of experts, including members from his own and other univer-
sities, to evaluate his work and determine whether he deserved tenure—a distinction that
would grant him a permanent position and academic freedom. As part of this process, Mark
was required to submit a comprehensive portfolio, including his publications, grants, awards,
teaching evaluations, and letters of support. Also, he had to deliver a public speech on his
research and address questions from committee members.

Mark was proud of his skills and accomplishments, but he was also overwhelmed by
nervousness and anxiety. He spent months waiting for the committee’s decision—hoping for
the best while bracing himself for the worst. He tried to control his mind, keeping himself
busy with work and hobbies. Yet he could not stop thinking about his future. What would his
colleagues, students, friends, and family think of him? What path would he take if his tenure
application were denied? These questions weighed heavily on his mind. What colleagues,
students, friends, and family would say about him? What could he do next if the tenure
becomes denied? He knew the committee’s result could make or break his career. Many
researchers before him had faced the same critical moment—some had triumphed, while
others had not.

The long-awaited decision day finally arrived. Mark received a letter from the committee
chair with the message: “Dear Dr. Mark, We are pleased to inform you that you have been
awarded tenure at our university. Congratulations. We are happy to have you on our team..”
Mark smiled. He felt a mix of joy and relief. He got emotional. Finally, he made it. His dream
had come true. “It is done,” he thought. He celebrated this achievement with his loved ones,
expressing his deep gratitude to everyone who had supported him throughout the journey.
Gratitude.

Soon after, Mark realized that tenure was not the end of his journey but the beginning
of a new chapter. With a renewed sense of purpose, he embraced the opportunity to continue
his quest for knowledge and more discoveries.

Mark’s story was not an isolated one. Across the globe, countless others have faced
similar journeys. Different names and different faces: all sharing the same hopes and fears.

individuals awarded a Ph.D., only one tenure-track position was available [53, p.
403]. This intense competition for tenure creates significant stress on researchers.

In contemporary academia, success hinges on two critical factors: the number
of publications and the prestige of the journals in which these works are published
[55, 123, 165]. Therefore, mastering clear communication and logical organization
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becomes essential for researchers wishing to achieve academic success, as discussed
next.

2 Publish or perish: how the pressure to publish affects
researchers

Among all academic responsibilities, publishing in prestigious journals is consid-
ered as the most significant [55, 123, 165]. Sean Carroll, a theoretical physicist at
Caltech, echoes this perspective, stating, “What major research universities care
about is research. Nothing else,” as quoted in [55]. Interestingly, Carroll himself
was denied tenure at the University of Chicago in 2006, partly due to his focus on a
book outside his primary area of research [55, p. 526].

In academia, researchers often evaluate one another based on the number of pub-
lications in high-impact journals [119]. Academic success is strongly correlated
with publication history, as past achievements are viewed as reliable indicators of
future achievements. Hiring committees, comprised of experienced scholars, fre-
quently rely on candidates’ publication lists to assess their capabilities. A robust
publication record, particularly in prestigious journals, demonstrates that the candi-
date’s work has been repeatedly validated by skilled editors and reviewers.

Now more than ever, the adage “publish or perish” emphasizes the importance
of publishing regularly in academia. Failure to maintain a steady output often re-
sults in professional stagnation and difficulties in securing tenure or employment
[27, 34, 55]. This reality emphasizes the role of publications as the currency of
academia [134], [146, p. 1256]. Researchers with a large number of publications
unlock numerous opportunities, including invitations to collaborate, participation in
conferences, and easier access to funding.

In summary, a robust publication record opens the doors to professional growth
and academic advancement. By publishing in prestigious journals, researchers
strengthen their careers.

3 Prestige and impact factor

Certain journals are regarded as more prestigious than others. But how is prestige
determined?

Two primary approaches exist: one subjective and the other objective. The sub-
jective approach relies on the opinions and perceptions of researchers and peers,
who exchange experiences and insights about which journals are considered rep-
utable and worth publishing in.

The objective approach, on the other hand, uses a numerical metric to rank jour-
nals based on their influence within the academic community. This metric, known
as the impact factor, was introduced by Eugene Garfield in 1961 [50]. The impact
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factor calculates how frequently articles published in a journal are cited by other
researchers [50]. Journals with high impact factors are regarded as prestigious, op-
erating on the assumption that a greater number of citations reflects the quality and
significance of the research they publish [3]. In general, the higher a journal’s impact
factor, the greater its perceived prestige [3].

Despite its extensive use, the impact factor has faced substantial criticism [37,
151]. One major issue is that it only accounts for citations from journals included
in the private-owned database ‘Web of Science,’ which may exclude relevant pub-
lications. Moreover, the impact factor introduces biases. For instance, researchers
may prioritize publishing in high-impact-factor journals, even when the work has
a weaker alignment with the journal’s scope. It also favors rapidly evolving fields,
such as biomedicine and data sciences, over more specialized or enduring disci-
plines like mathematics and sociology [151].

These limitations have led the academic community to advocate for alternative
evaluation methods. One notable example is the Declaration on Research Assess-
ment (DORA), drafted in San Francisco in 2012. DORA emphasizes moving away
from an overreliance on journal-based metrics, such as the impact factor, and advo-
cates for evaluating research based on its intrinsic quality and impact, rather than
the prestige of the journals in which it appears.

While the impact factor ranks journals by influence, it does not assess the qual-
ity of individual papers [37]. Additionally, citations—and consequently, impact
factors—can be manipulated [130]. For example, journals that prioritize review ar-
ticles often inflate their impact factors, as reviews generally attract more citations
than original research papers [151]. Moreover, the impact factor does not account
for qualitative aspects, such as a journal’s scope, size, age, or editorial reputation.

Although experienced researchers recognize the problems associated with the
impact factor, it remains widely used; many institutions use the impact factor as a
measure for distributing funds and grants [3]. However, journal prestige should not
be reduced to a single metric. Prestige is a multifaceted concept that encompasses
additional elements beyond impact factors.

When evaluating journals, we must consider factors such as the publisher’s his-
tory, the editorial board, and editorial standards. DORA reminds us to adopt a more
holistic approach to research assessment, emphasizing the importance of moving
beyond numerical metrics to evaluate the true value of contributions.

4 How to Become Productive

Productivity in academic writing is a multifaceted and individualized concept, em-
bracing diverse approaches and methods tailored to personal circumstances. For ex-
ample, Robert Boice suggests a daily routine of writing [21]; he says this strategy
combats self-doubt and procrastination [21, Sec. E]

While Boice’s perspective requires daily consistency, others thrive by writing in
bursts of inspiration. Writing environments also vary widely. Some find their most

https://sfdora.org/
https://sfdora.org/
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Answer 2: (from Prompt 5.1)

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Leveraging ChatGPT ethically to enhance your academic productivity requires inte-
grating it thoughtfully into your writing workflow. Begin by utilizing ChatGPT as a
tool to refine your research ideas and generate outlines that organize your thoughts ef-
fectively. You can rely on it to suggest alternative structures, clarify complex concepts,
or propose ways to strengthen your arguments. During the drafting stage, ChatGPT
can assist with generating initial versions of non-critical sections, such as introduc-
tions or summaries, always ensuring that the intellectual core of your work remains
your own. Use it to explore different expressions and enhance readability while care-
fully verifying the accuracy and originality of all generated content to avoid ethi-
cal concerns. Additionally, ChatGPT can support peripheral tasks, like polishing ab-
stracts, composing cover letters for journal submissions, or suggesting revisions for
clearer communication. To maintain ethical integrity, you should disclose your use of
AI tools when appropriate and ensure they serve to complement, not replace, your
expertise and effort. By remaining the intellectual driver of your work and critically
reviewing all outputs, ChatGPT can become a valuable asset for boosting your pro-
ductivity while upholding the standards of scientific research.

productive moments in the tranquility of their homes, while others prefer the square
of an office; others feel inspired by the movement of trains or airplanes. Distraction-
free spaces are often considered essential, but some writers succeed in environments
filled with ambient noise, like public spaces and coffee shops.

The tools used for writing also reflect this diversity. Word processors, notebooks,
tablets, and even voice-recognition software—all contribute to the creative process.

Time management plays a critical role in productivity. Some writers find mo-
ments during a busy working day to make incremental progress; others can block
chunks of time, often for writing non-stop for hours. These distinct approaches high-
light an essential truth: there is no universal formula for productivity. Instead, iden-
tifying an approach that resonates with one’s circumstances is key.

Curiously, we can resort to Bing-ChatGPT’s tips on how to become more pro-
ductive; see Prompt 5.1. Bing-ChatGPT’s answer is quite reasonable, as it can help
us increase our productivity by expediting some routine tasks ethically.

Prompt 5.1: Bing-ChatGPT

>>Give me tips on how to become more productive using ChatGPT in ethical
ways, I wish to boost my output of papers to be published in scientific jour-
nals. Write your answer in a simple academic tone, and avoid bullets; write
a one-shot summary text.
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20. Balázs Bodó, Dániel Antal, and Zoltán Puha. Can scholarly pirate libraries bridge the knowl-
edge access gap? An empirical study on the structural conditions of book piracy in global and
European academia. PLOS ONE, 15(12):1–25, 12 2020.

21. Robert Boice. Professors as Writers: A Self-help Guide to Productive Writing. New Forums
Press Inc., Stillwater, OK, 1990.

22. Ali Borji. A categorical archive of ChatGPT failures, 2023. arxiv.org/abs/2302.03494.



References 85

23. Delphus David Bourland Jr. and Paul Dennithorne Johnston. To be or not: An E-prime
anthology. International Society for General Semantics, San Francisco, CA, USA, 1991.
Available for free at https://archive.org.

24. Tracey Bretag. Challenges in addressing plagiarism in education. PLOS Medicine, 10(12):1–
4, 12 2014.

25. Tracey Bretag and Saadia Mahmud. Self-plagiarism or appropriate textual re-use? Journal
of Academic Ethics, 7(3):193–205, 2009.

26. Jean-Pierre Briot and François Pachet. Deep learning for music generation: challenges and
directions. Neural Computing and Applications, 32(4):981—-993, 02 2020.

27. Kyle S. Bunds. “Please let it stop”: Fear, anxiety, and uncertainty on the neoliberal tenure
track. Qualitative Inquiry, 27(8–9):1040–1047, 2021.

28. Margaret Cargill and Patrick O’Connor. Writing scientific research articles: Strategy and
steps. John Wiley & Sons, Hoboken, NJ, USA, 2nd edition, 2013. Available for free at
https://archive.org.

29. Lingjiao Chen, Matei Zaharia, and James Zou. How is ChatGPT’s behavior changing over
time?, 2023. arxiv.org/abs/2307.09009.

30. Gemma Conroy. Scientists used ChatGPT to generate an entire paper from scratch—but is it
any good? Nature, 619:443–444, 2023.

31. Juan C. Correa, Henry Laverde-Rojas, Julian Tejada, and Fernando Marmolejo-Ramos. The
Sci-Hub effect on papers’ citations. Scientometrics, 127(1):99–126, 2022.

32. Mathias-Felipe de Lima-Santos and Wilson Ceron. Artificial intelligence in news media:
Current perceptions and future outlook. Journalism and Media, 3(1):13–26, 2022.

33. Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova. BERT: Pre-training of
deep bidirectional transformers for language understanding, 2019. arxiv.org/abs/1810.04805.

34. Jennifer Diascro. Failure in the tenure process: We can do better. PS: Political Science &
Politics, 52(1):48–51, 2019.

35. Thomas Dixon. How to get a first: the essential guide to academic success. Routledge, New
York, NY, USA, 2004.

36. Patrick Dunleavy. Authoring a PhD: How to plan, draft, write and finish a doctoral thesis or
dissertation, volume 96. Bloomsbury Publishing, London, UK, 2003.

37. The PLOS Medicine Editors. The impact factor game. PLOS Medicine, 3(6):1–2, 06 2006.
38. Deborah Eicher-Catt. What e-prime “is not”: A semiotic phenomenological reading. ETC:

A Review of General Semantics, 67(1):17–34, 2010.
39. Jacob Eisenstein. Introduction to Natural Language Processing (Adaptive Computation and

Machine Learning series). MIT press, Cambridge, Massachusetts, USA, 2019.
40. Peter Elbow. Writing without teachers. Oxford University Press, New York, NY, USA, 1998.
41. Teressa L. Elliott, Linda M. Marquis, and Catherine S. Neal. Business ethics perspectives:

Faculty plagiarism and fraud. Journal of Business Ethics, 112(1):91–99, 2013.
42. Zohar Elyoseph, Dorit Hadar-Shoval, Kfir Asraf, and Maya Lvovsky. ChatGPT outperforms

humans in emotional awareness evaluations. Frontiers in Psychology, 14, 2023.
43. Jeremy S. Faust. Sci-Hub: A solution to the problem of paywalls, or merely a diagnosis of a

broken system? Annals of Emergency Medicine, 68(1):A15–A17, 2016.
44. Barbara Francis. Other People’s Words: What Plagiarism Is And How To Avoid It. Issues

in Focus Today. Enslow Pub. Inc., Berkeley Heights, New Jersey, USA, 2005. Available for
free at https://archive.org.

45. Nicholas Fraser, Fakhri Momeni, Philipp Mayr, and Isabella Peters. The relationship between
bioRxiv preprints, citations and altmetrics. Quantitative Science Studies, 1(2):618–638, 06
2020.

46. James D. French. The top ten arguments against e-prime. ETC: A Review of General Seman-
tics, 49(2):175–179, 1992.

47. Robert M. French. The Turing test: the first 50 years. Trends in Cognitive Sciences, 4(3):115–
122, 2000.

48. Andrea Galassi, Marco Lippi, and Paolo Torroni. Attention in natural language processing.
IEEE Transactions on Neural Networks and Learning Systems, 32(10):4291–4308, 2021.

https://archive.org
https://archive.org
https://archive.org


86 5 Research and career

49. Yubing Gao, Wei Tong, Edmond Q. Wu, Wei Chen, GuangYu Zhu, and Fei-Yue Wang. Chat
with ChatGPT on interactive engines for intelligent driving. IEEE Transactions on Intelligent
Vehicles, 8(3):2034–2036, 2023.

50. Eugene Garfield. The History and Meaning of the Journal Impact Factor. JAMA, 295(1):90–
93, 1 2006.

51. Ali Gazni. Are the abstracts of high-impact articles more readable? Investigating the evidence
from top research institutions in the world. Journal of Information Science, 37(3):273–281,
2011.

52. Yves Gendron, Jane Andrew, and Christine Cooper. The perils of artificial intelligence in
academic publishing. Critical Perspectives on Accounting, 87:102411, 2022.

53. Navid Ghaffarzadegan, Joshua Hawley, Richard Larson, and Yi Xue. A note on PhD popu-
lation growth in biomedical sciences. Systems Research and Behavioral Science, 32(3):402–
405, 2015.

54. Barry Gilmore. Plagiarism: Why It Happens and How to Prevent It. Heinemann, Portsmouth,
New Hampshire, USA, 2008. Available for free at https://archive.org.

55. Josie Glausiusz. Tenure denial, and how early-career researchers can survive it. Nature,
565(7737):525–528, 2019.

56. Harshvardhan GM, Mahendra Kumar Gourisaria, Manjusha Pandey, and Siddharth Swarup
Rautaray. A comprehensive survey and analysis of generative models in machine learning.
Computer Science Review, 38:100285, 2020.

57. Yoav Goldberg. Neural network methods for natural language processing. Synthesis Lec-
tures on Human Language Technologies. Springer Nature, Berlin, Germany, 2017.

58. Robert Goldbort. Readable writing by scientists and researchers. Journal of Environmental
health, 63(8):40–40, 2001.

59. George D. Gopen and Judith A. Swan. The science of scientific writing. American Scientist,
78(6):550–558, 1990.

60. Patrick Gourley and Greg Madonia. The impact of tenure on faculty course evaluations.
Education Economics, 29(1):73–104, 2021.

61. Akseli Graf and Rick E Bernardi. ChatGPT in research: Balancing ethics, transparency and
advancement. Neuroscience, 515:71–73, 2023.

62. Ralph Grishman. Computational linguistics: an introduction. Cambridge University Press,
Cambridge, UK, 1986.

63. Michael Groves and Klaus Mundt. Friend or foe? Google translate in language for academic
purposes. English for Specific Purposes, 37:112–121, 2015.

64. Robert Gunning. The technique of clear writing. McGraw-Hill, New York, NY, USA, 1968.
Available for free at https://archive.org.

65. Biyang Guo, Xin Zhang, Ziyuan Wang, Minqi Jiang, Jinran Nie, Yuxuan Ding, Jianwei Yue,
and Yupeng Wu. How close is ChatGPT to human experts? Comparison corpus, evaluation,
and detection, 2023. arxiv.org/abs/2301.07597.

66. Rohan Gupta, Devesh Srivastava, Mehar Sahu, Swati Tiwari, Rashmi K. Ambasta, and Pravir
Kumar. Artificial intelligence to deep learning: machine intelligence approach for drug dis-
covery. Molecular Diversity, 25(3):1315–1360, 2021.

67. Michael Gusenbauer and Neal R. Haddaway. Which academic search systems are suitable
for systematic reviews or meta-analyses? Evaluating retrieval qualities of Google Scholar,
PubMed, and 26 other resources. Research Synthesis Methods, 11(2):181–217, 2020.

68. Mohanad Halaweh. ChatGPT in education: Strategies for responsible implementation. Con-
temporary Educational Technology, 15(2):ep421, 2023.

69. Bence Mark Halpern, Siyuan Feng, Rob van Son, Michiel van den Brekel, and Odette
Scharenborg. Low-resource automatic speech recognition and error analyses of oral can-
cer speech. Speech Communication, 141:14–27, 2022.

70. James Hartley. Academic writing and publishing: A practical handbook. Routledge, New
York, NY, USA, 2008.

71. James Hartley. Is time up for the flesch measure of reading ease? Scientometrics,
107(3):1523–1526, 2016.

https://archive.org
https://archive.org


References 87

72. James Hartley, Eric Sotto, and Claire Fox. Clarity across the disciplines: An analysis of texts
in the sciences, social sciences, and arts and humanities. Science Communication, 26(2):188–
210, 2004.

73. Demis Hassabis. Artificial intelligence: Chess match of the century. Nature, 544(7651):413–
414, 04 2017.

74. Brian Hayes. First links in the Markov chain. American Scientist, 101(2):92, 2013.
75. Eric Hayot. The Elements of Academic Style: Writing for the Humanities. Columbia Univer-

sity Press, New York, NY, USA, 2014.
76. Danah Henriksen, Lauren J. Woo, and Punya Mishra. Creative uses of ChatGPT for educa-

tion: a conversation with Ethan Mollick. TechTrends, 67(4):595–600, 2023.
77. Angelika H. Hofmann. Scientific writing and communication: papers, proposals, and pre-

sentations. Oxford University Press, New York, USA, 3rd edition, 2010. Available for free
at https://archive.org.

78. S.P.J.M.(Serge) Horbach and W.(Willem) Halffman. The extent and causes of academic text
recycling or ‘self-plagiarism’. Research Policy, 48(2):492–502, 2019.

79. Scott Hotaling. Simple rules for concise scientific writing. Limnology and Oceanography
Letters, 5(6):379–383, 2020.

80. Rebecca Moore Howard. Understanding “Internet plagiarism”. Computers and Composition,
24(1):3–15, 2007.

81. Matthew B. Hoy. Rise of the Rxivs: How preprint servers are changing the publishing pro-
cess. Medical Reference Services Quarterly, 39(1):84–89, 2020.

82. J. Huang and M. Tan. The role of ChatGPT in scientific communication: writing better
scientific review articles. American Journal of Cancer Research, 13(4):1148–1154, 2023.

83. Matthew Hutson. The language machines. Nature, 591(7848):22–25, 2021.
84. Ken Hyland and Feng (Kevin) Jiang. Is academic writing becoming more informal? English

for Specific Purposes, 45:40–51, 2017.
85. A.K. Jain, Jianchang Mao, and K.M. Mohiuddin. Artificial neural networks: a tutorial. Com-

puter, 29(3):31–44, 1996.
86. Frederick Jelinek. Markov Source Modeling of Text Generation, pages 569–591. Springer

Netherlands, Dordrecht, Netherlands, 1985.
87. Feng Jiang and Ken Hyland. Changes in research abstracts: Past tense, third person, passive,

and negatives. Written Communication, 40(1):210–237, 2023.
88. Hui Jiang, Xinwei Li, and Chaojun Liu. Large margin hidden Markov models for speech

recognition. IEEE Transactions on Audio, Speech, and Language Processing, 14(5):1584–
1595, 2006.

89. Kevin Kelly. The Inevitable: Understanding the 12 Technological Forces That Will Shape
Our Future. Penguin Books, New York, NY, USA, 2017.

90. J Kirkman. That pernicious passive voice. Physics in Technology, 6(5):197, 1975.
91. Sharon B. Kletzien. Paraphrasing: An effective comprehension strategy. The Reading

Teacher, 63(1):73–77, 2009.
92. Ekaterina Korneeva, Torsten Oliver Salge, Timm Teubner, and David Antons. Tracing the le-

gitimacy of artificial intelligence: A longitudinal analysis of media discourse. Technological
Forecasting and Social Change, 192:122467, 2023.

93. Arun HS Kumar. Analysis of ChatGPT tool to assess the potential of its utility for aca-
demic writing in biomedical domain. Biology, Engineering, Medicine and Science Reports,
9(1):24–30, Feb. 2023.

94. Tiffany H. Kung, Morgan Cheatham, Arielle Medenilla, Czarina Sillos, Lorie De Leon,
Camille Elepaño, Maria Madriaga, Rimel Aggabao, Giezel Diaz-Candido, James Maningo,
and Victor Tseng. Performance of chatgpt on usmle: Potential for ai-assisted medical educa-
tion using large language models. PLOS Digital Health, 2(2):1–12, 2 2023.

95. Eileen T Lake. Why and how to avoid a desk-rejection. Research in Nursing & Health,
43(2):141–142, 2020.

96. Vincent Larivière, Stefanie Haustein, and Philippe Mongeon. The oligopoly of academic
publishers in the digital era. PLOS ONE, 10(6):1–15, 06 2015.

https://archive.org


88 5 Research and career

97. Steve Lawrence. Free online availability substantially increases a paper’s impact. Nature,
411(6837):521, 2001.

98. Koren Lazar, Benny Saret, Asaf Yehudai, Wayne Horowitz, Nathan Wasserman, and Gabriel
Stanovsky. Filling the gaps in Ancient Akkadian texts: A masked language modelling ap-
proach. In Proceedings of the 2021 Conference on Empirical Methods in Natural Language
Processing, pages 4682–4691, Online and Punta Cana, Dominican Republic, November
2021. Association for Computational Linguistics.

99. Junyi Li, Xiaoxue Cheng, Wayne Xin Zhao, Jian-Yun Nie, and Ji-Rong Wen. HaluEval: A
large-scale hallucination evaluation benchmark for large language models. arXiv e-prints,
pages arXiv–2305, 2023. arxiv.org/abs/2305.11747.

100. Cassi L. Liardét, Sharyn Black, and Vani Sharren Bardetta. Defining formality: Adapting
to the abstract demands of academic discourse. Journal of English for Academic Purposes,
38:146–158, 2019.

101. H. F. Lippincott. Some tips for clear writing. IEEE Transactions on Professional Communi-
cation, PC-26(1):11–12, 1983.

102. Fan Liu, Delong Chen, Fei Wang, Zewen Li, and Feng Xu. Deep learning based single sample
face recognition: a survey. Artificial Intelligence Review, 56(3):2723—-2748, 03 2023.

103. Melvin Lostutter. Some critical factors of newspaper readability. Journalism quarterly,
24(4):307–331, 1947.

104. DAVID LUSSEAU. Effects of tour boats on the behavior of bottlenose dolphins: Using
Markov chains to model anthropogenic impacts. Conservation Biology, 17(6):1785–1793,
2003.

105. SUSAN PECK MacDONALD. A method for analyzing sentence-level differences in disci-
plinary knowledge making. Written Communication, 9(4):533–569, 1992.

106. John Maddox. Plagiarism is worse than mere theft. Nature, 376:721–721, 08 1995.
107. Spyros Makridakis. The forthcoming artificial intelligence (ai) revolution: Its impact on

society and firms. Futures, 90:46–60, 2017.
108. Christopher Manning and Hinrich Schutze. Foundations of statistical natural language pro-

cessing. MIT press, Cambridge, Massachusetts, USA, 1999.
109. A. A. Markov. An example of statistical investigation of the text Eugene Onegin concerning

the connection of samples in chains. Science in Context, 19(4):591–600, 2006.
110. Janice R Matthews and Robert W Matthews. Successful scientific writing: a step-by-step

guide for the biological and medical sciences. Cambridge University Press, 2014.
111. Nestor Matthews and Folly Folivi. Omit needless words: Sentence length perception. PLOS

ONE, 18(2):e0282146, 2023.
112. Donald McCloskey. Economical writing. Economic Inquiry, 23(2):187–222, 1985.
113. McGraw-Hill. Glencoe Language Arts Grammar and Language Workbook Grade 11.

Glencoe/McGraw-Hill, Columbus, Ohio, USA, 1st edition, 2000. Available for free at
https://archive.org.

114. Stephanie McMains and Sabine Kastner. Interactions of top-down and bottom-up mecha-
nisms in human visual cortex. Journal of Neuroscience, 31(2):587–597, 2011.

115. Emory Menefee. E-prime or e-choice? ETC: A Review of General Semantics, 48(2):136–140,
1991.

116. Andrew Mihalache, Ryan S. Huang, Marko M. Popovic, and Rajeev H. Muni. ChatGPT-
4: an assessment of an upgraded artificial intelligence chatbot in the United States Medical
Licensing Examination. Medical Teacher, 46:366–372, 2023.

117. X. Moisset and D. Ciampi de Andrade. Neuro-ChatGPT? potential threats and certain op-
portunities. Revue Neurologique, 179(6):517–519, 2023.

118. Andrew Moore. The long sentence: a disservice to science in the internet age. BioEssays,
33(12):193–193, 2011.

119. Esteban Morales, Erin C. McKiernan, Meredith T. Niles, Lesley Schimanski, and Juan Pablo
Alperin. How faculty define quality, prestige, and impact of academic journals. PLOS ONE,
16(10):1–13, 10 2021.

120. Lord Morley. Science and literature. Nature, 85(85):446–448, 1911.

https://archive.org


References 89

121. Cary Moskovitz. Standardizing terminology for text recycling in research writing. Learned
Publishing, 34(3):370–378, 2021.

122. Nature. ”how to stop plagiarism”. Nature, 481(7379):21–23, 2012.
123. Meredith T. Niles, Lesley A. Schimanski, Erin C. McKiernan, and Juan Pablo Alperin. Why

we publish where we do: Faculty publishing values and their relationship to review, promo-
tion and tenure expectations. PLOS ONE, 15(3):1–15, 03 2020.

124. Oded Nov, Nina Singh, and Devin Mann. Putting ChatGPT’s medical advice to the (Turing)
test: Survey study. JMIR Med Educ, 9:e46939, Jul 2023.

125. University of Chicago Press. The Chicago manual of style. University of Chicago Press,
16th edition, 2010.

126. Amaka C. Offiah and Geetika Khanna. ChatGPT: an editor’s perspective. Pediatric Radiol-
ogy, 53(5):816–817, 2023.

127. Horea-Radu Oltean and Daniel Ovidiu David. Affective and cognitive correlates of the fre-
quency of using the verb “to be”: An empirical test of e-prime theory. Journal of Rational-
Emotive & Cognitive-Behavior Therapy, 38:143–154, 2020.

128. OpenAI. GPT-4 technical report, 2023. arxiv.org/abs/2303.08774.
129. Daniel M Oppenheimer. Consequences of erudite vernacular utilized irrespective of neces-

sity: Problems with using long words needlessly. Applied Cognitive Psychology: The Official
Journal of the Society for Applied Research in Memory and Cognition, 20(2):139–156, 2006.

130. Ivan Oransky, Adam Marcus, and Alison Abritis. How bibliometrics and school rankings
reward unreliable science. BMJ, 382, 2023.
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