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Abstract: This paper explores the applicability of the Al language model, ChatGPT, in
generating academic content, with a focus on design research. The study utilized a
dual-phased experimental approach where ChatGPT was first fine-tuned on a
specialized corpus and then produced texts for evaluation by an expert panel. The
panel, consisting of professionals in design and Al fields, assessed the readability and
coherence of the Al-generated text against human-written counterparts. Despite the
high variability in expert evaluation, the results suggest that ChatGPT's output can
match the quality of human writing in terms of readability and coherence from
certain perspectives. However, this is not a unanimous view and responses diverged
significantly, underlining the multifaceted perspectives on the potential of Al in
academic writing. While our study did not find conclusive favor for Al-generated
content, it brings out a nuanced understanding of the potential role, strengths, and
weaknesses of Al in academic writing. We also discuss the ethical implications of Al
authorship and the importance of recognizing Al's contributions transparently. This
research serves as an initial exploration into a rapidly evolving field, offering insights
to scholars and practitioners grappling with the implications of Al in academia.
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1. Introduction

Rapid advancements in Al technologies have introduced a myriad of novel tools and applications to
the research domain. Prominent among them is ChatGPT (OpenAl, 2022), an Al language model
adept at generating coherent, human-like text. This Al-powered platform, developed by OpenAl,
employs reinforcement learning algorithms in conjunction with human input, boasting a staggering
150 billion parameters. Within its first week of public release, it attracted over a million users,
reflecting its instant popularity (OpenAl, 2022). The fourth iteration, GPT-4, was launched on March
14, 2023, cementing its status in the field. Science Journals' Editor-in-Chief, H. Holden Thorp,
recognized ChatGPT as "a crucial tool for researchers to experiment with hypotheses and interpret
results" (Thorp, 2023).
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ChatGPT, a large language model honed by OpenAl, demonstrates vast potential across diverse
fields, including research. By leveraging massive volumes of internet text data, it simulates human-
like textual responses. Its ability to generate high-quality content has sparked widespread discussion
on its potential to disrupt various professional landscapes, from manufacturing (Badini et al., 2023)
and education (Tlili et al., 2023), to law (Floridi, 2023), writing (Chen, 2023), and even religious
studies (Wang et al., 2023). However, it remains vital to remember that the model, while impressive,
is reliant on human direction. Given its nascent stage, the exploration of its full potential, limitations,
and ethical implications is an ongoing process.

In the realm of research, ChatGPT proves its mettle in myriad ways, from aiding ideation to drafting
research papers. It generates novel perspectives on research questions, identifies patterns in large
datasets, and drafts well-structured text, thus offering researchers substantial time-saving benefits. A
range of studies (e.g., Alkaissi & McFarlane, 2023; Anderson et al., 2023) have probed ChatGPT's
potential across various research stages, yielding encouraging results. Yet, these studies generally
focus on isolated stages of the research process. Our current research aims to bridge this gap,
investigating ChatGPT's impact across multiple research stages, from ideation to drafting. Despite the
usage of Large Language Models (LLMs) in various applications over the past few decades, few
studies have explored their potential in the research generation process, as opposed to being
research subjects (Dowling & Lucey, 2023).

Given ChatGPT's ability to generate insightful responses to a variety of prompts (Nick, 2023), it
potentially could facilitate research production in design. However, current research is scant on how
ChatGPT can assist tasks like data analysis, hypothesis formulation, and report writing. It is crucial to
address these research gaps and consider potential ethical concerns such as bias and transparency.

While previous studies provide insights into ChatGPT's potential, they primarily focus on generating
abstracts, literature reviews, and definitions (Dwivedi et al., 2023). A comprehensive exploration of
ChatGPT's potential in design research is warranted, including tasks like data analysis, hypothesis
testing, and model development. Concerns surrounding plagiarism and the accuracy and validity of
generated content must be addressed before ChatGPT can be broadly accepted in research
production. For example, assessments evaluating ChatGPT's ability to generate discourse on the
pathogenesis of certain medical conditions have revealed both favorable and unfavorable aspects
(Alkaissi & McFarlane, 2023). It is suggested that ChatGPT could be valuable in gaining deeper
insights into disease pathogenesis. Anderson (2023) further showcased ChatGPT's capacity to write a
full research paper in sports & exercise medicine, using the Harvard referencing style. While the
model generated a well-structured and coherent outline, human intervention was necessary to
ensure content quality and relevance.

Our research builds on these findings by systematically evaluating ChatGPT's ability to facilitate
research writing, focusing on ideation, literature review, and data processing stages. A panel of
seasoned academic authors and reviewers assesses the outputs. Furthermore, our research
underscores the significant impact of varying degrees of confidential data and the researcher's field-
specific expertise on the quality of the generated outputs.

2. Methodology

Our exploration emphasizes Al design—a recognized, well-defined area in contemporary design
research. We limit our investigation to letter-style articles adhering to the length restrictions typically
set by design journals, which generally fall between 4000 to 5000 words.
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ChatGPT played a role in various tasks throughout the research process. For transparency and to
establish a framework for potential replication of our approach, we have detailed each phase of our
process. It's crucial to note that Al language models like ChatGPT have inherent variability. They
generate responses based on a blend of licensed data, data created by human trainers, and publicly
available data. This implies that while we can provide the prompts used for ChatGPT, the precise
responses may vary with each trial.

To account for this variability, the emphasis should be on examining the overall themes, coherence,
and quality of responses from the model across multiple iterations. Our methodology offers a
framework for such an examination. The replicability of this study lies in this framework adoption,
not in expecting identical outputs from ChatGPT.

To commence our empirical methodology, we follow the standard protocol for constructing research
studies as outlined by Cargill and O'Connor (2021), comprising five fundamental stages. Due to
ChatGPT's current limitations in empirical output analysis, our focus is on the initial stages of the
research process (OpenAl, 2022). We request ChatGPT to generate three steps: (1) a research idea;
(2) a concise review of relevant literature; and (3) a description of appropriate data sources for the
proposed idea. By concentrating on these initial stages, we can lay a solid groundwork for
subsequent research and analysis.

We conceived three variants of a general research idea related to Al design, each including the same
four research stages. The textual prompts utilized for each stage are detailed in the Appendix. The
first version, S1: Only Public Data, exclusively employs public data accessible within ChatGPT.

In the second version, S2: Added Private Data, we supplement private data to augment the research
process. As ChatGPT's latest knowledge base was updated in Sep 2021, we extracted abstracts and
article identifiers from 57 articles on Al design published in Web of Science between Sep 2021 and
Dec 2022 (Research Topic = “design and manufacturing”; Document Type = “article”). Imported into
ChatGPT in BibTeX format, these articles complement the platform's existing generalized expertise.

The third version, S3: Private Data and Expertise, involves integrating domain-specific expertise from
researchers in addition to the private data used in S2. We refined the S2 outputs via an iterative
process, requesting more specific details from ChatGPT. No manual alterations were made to the
model's outputs in any study version.

For the evaluation phase, we assembled a team of experienced authors and reviewers, all with
experience publishing in or reviewing for esteemed design journals (Gemser et al., 2012). This team
of 20 reviewers each evaluated a complete single version of the output, which included all three
research stages. The reviewers were randomly assigned three versions for a comprehensive and
unbiased evaluation of each version's effectiveness and quality.

The evaluation was conducted using Credamo (Credamo, 2023), presenting the three versions of the
research study to reviewers. They evaluated two aspects of each stage of the output based on
specific criteria, with an option to provide additional comments. Specifically, the research idea was
evaluated for appropriateness and contribution; the literature review for relevance and
comprehensiveness; the data source for feasibility and applicability. Ratings ranged from 1 (highly
disagree) to 7 (highly agree), with 4 as the minimum acceptable rating for a high-quality design
journal. Average scores for each aspect were calculated across all reviewers and are reported in this
study.

To sum up, our experiment comprised three versions, each with three steps and an evaluation. To
facilitate a clearer representation, we have tabulated the setup as follows:
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Table 1. The experiment setting of the current research

Version Step 1 Step 2 Step 3 Evaluation
S1 E1l E2 E3 Eval
S2 E1l E2 E3 Eva2
S3 E1l E2 E3 Eva3

Note: S1: Only Public Data; S2: Added Private Data; S3: Private Data and Expertise; Step1: a research idea; Step2: review;
Step3: data sources.

This arrangement allowed us to thoroughly examine each version across various elements and
evaluation criteria.

3. Results

3.1 Text generation stage

To elucidate the capabilities of ChatGPT, we showcase some instances of the generated text from
various versions in illustrating research ideas. These samples emphasize the unique strengths of
ChatGPT when combined with public and private data and expert input in Al design research.

Example from S1: Public Data: 'Artificial Intelligence (Al) design aims to construct intelligent systems
for seamless interaction with human users. The ultimate goal is to enhance user experience via
adaptive and intuitive interfaces, to minimize manual tasks, and to boost efficiency. Al is increasingly
integrated into products and services across sectors, ranging from autonomous vehicles to personal
assistants and healthcare diagnostics.'

This text, using solely public data, illustrates ChatGPT's ability to amalgamate a broad spectrum of
information into a coherent narrative. However, it might lack specific insights relevant to a design
research context.

Example from S2: Private Data: 'In our recent project, we centered on designing an Al system to
augment user interactions with a home automation system. The Al was trained to comprehend and
react to user commands in a more natural and intuitive way, thereby reducing the learning curve
typically associated with these technologies.'

This instance, with integrated private data, allows more nuanced and context-specific details to be
included in the output. It can help tackle particular research queries or concerns related to a design
research project.

Example from S3: Private Data and Expertise: 'Expanding on our work in home automation systemes,
we identified a need for a more sophisticated dialogue management level. By infusing a context-
aware model in the Al design, the system now interprets and responds to commands more efficiently,
considering the user's history and present context. This method led to increased user satisfaction and
a notable decrease in interaction errors.'

Incorporating expert domain knowledge, as demonstrated in this sample, further refines the output.
Text generated in this manner displays a profound understanding of the field and can more
effectively address intricate research questions.

By presenting these examples, we aim to exemplify the practical application of ChatGPT in
generating meaningful ideas for design research. The showcased texts are representative samples,
each approximately 150 to 200 words, contributing to the overall 3000-4000 word count of a typical
research article.
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3.2 Evaluation stage

The main findings of the evaluation are presented in Table 2, and a boxplot representation of the
results is presented in Figure 1. The table shows the evaluation results for all three versions of the
1

research study.
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Figure 1. The results of three steps of applying ChatGPT into research

Table 2. The evaluation results of different steps of applying ChatGPT to research

S1: Public Source S2: Private Source S3: Iteration

Mean SD Mean SD Mean SD
Ideation 5.25 1.59 5.00 1.38 5.55 1.50
Literature Review 4.25 2.07 4.65 1.98 5.15 1.79
Data Identification 5.15 1.14 4.50 1.05 5.35 1.14
Summary 4.88 1.68 4.71 1.51 5.35 1.48

All study iterations satisfy this basic acceptability criterion. Examining the overall average ratings for
each version in Table 1, S1 scores 4.88, S2 attains 4.71, and S3 receives 5.35. Hence, all three
versions present a reasonable likelihood of success in the review process for a reputable design
journal.

Upon dissecting each research phase, it becomes apparent that the highest scores were allocated to
the generation of the research idea. It's reasonable to assume this initial phase necessitates a
thorough examination of existing concepts and their integration into a unified new idea. Given
ChatGPT's access to a vast array of parameters and texts, it is highly proficient in exploring existing
concepts extensively. The data summary phase also garnered relatively high ratings, likely because it
typically involves identifiable text sections in a research study. Moreover, the data available for a
given study is finite, resulting in a limited search process.

According to our findings, the ratings for literature reviews are somewhat lower in comparison to
other research phases. ChatGPT appears to encounter difficulties when generating suitable reviews,
which we suspect could be due to the intrinsically interconnected nature of these tasks within a
research study: literature reviews function as a bridge linking the research idea with the
methodology. The model appears to struggle when it comes to effectively tying together multiple
internally-generated ideas, which are vital in these stages.

Comparing the research versions, our most advanced study, S3: Private Data and Expertise,
surpassed the other two. Interestingly, the version with added private data didn't perform as well as
the version with only public data. Our analysis suggests that this could be due to the private data
model overly leaning on the supplied private data and neglecting other valuable public data. This
could be improved either by tweaking the platform to consider relevant public data or by providing a
more meticulously selected set of relevant private data.

Not only does the S3 research study outshine the other versions in general, but it also excels in
generating acceptable literature reviews, a task at which the other studies falter. The difficulty in
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linking multiple generated ideas may account for the platform's overall subpar output for these
research phases. However, in S3's case, the researcher can identify any gaps and prompt the
platform for further iterations to address these deficiencies. Our findings imply that researcher
domain expertise is essential for tasks involving conceptual complexity.

The evaluation results from the expert panel revealed varied responses, as denoted by the high
standard deviation in our data. We concede that this variation could stem from the diverse
backgrounds and viewpoints of our expert panelists. Yet, this plurality of perspectives provides an
opportunity to appreciate the many facets of Al language models' potential in research writing.

Table 3 offers statistical substantiation of the significant differences between the research studies via
repeated measures, despite insignificant differences between S1 and S2 (F(2, 38) =1.71 p=0.19), S1
and S3 (F(2, 38) =3.58 p=0.38), and S1 and S3 (F(2, 38) =4.98 p = 0.12) generally. In both instances,
the S3 research study exhibits a degree of superiority. Our study found no significant disparities in
the average scores for readability and coherence between the ChatGPT-generated text and human-
written text, suggesting that Al-generated text can equate human writing's quality from some
experts' perspective. However, the high standard deviation indicates that this is not a consensus view
and that individual evaluations can differ significantly.

Table 3. The significant difference between the steps of applying ChatGPT to research

S1-S2 S1-S3 S2-S3
Ideation 0.31 0.37 0.10
Literature Review 0.31 0.01 0.14
Data Identification 0.03 0.52 0.01

4. Discussion

In light of our experiment and corresponding literature, we present fresh insights into ChatGPT's use
in the research process. Our study provides empirical evidence concerning the implications of
ChatGPT usage in academic writing, enhancing our current understanding of Al's role in design
research.

Our results align with Anderson et al.'s work (2023), demonstrating Al's potential role in generating
scientific texts. Likewise, Alkaissi and McFarlane (2023) highlighted Al systems like ChatGPT's ability
to create scientifically pertinent content. Our study expands these findings by illustrating how
ChatGPT's ability can be further optimized through blending public and private data with researcher
expertise.

Interestingly, our research corresponds with Dowling and Lucey's (2023) Bananarama Conjecture,
suggesting that properly fine-tuned ChatGPT can generate academic text that is not only coherent
but could also misrepresent human input and oversight's role, specifically in Al design. Further, the
quality and dependability of the generated content mirror the observations made by Chen (2023),
underscoring the tool's potential to accelerate scientific writing.

Nonetheless, as Thorp (2023) underscored, navigating the ethical landscape is critical when using
such Al tools. While our study does not deeply delve into ethical dimensions, our observations
concerning ChatGPT's utility, and its potential implications, underline the necessity for a structured
discussion on the ethical considerations of Al in academia.

Reflecting on our study's implications, it's clear that ChatGPT possesses the potential to significantly
enhance the academic writing process. However, our research also stresses the importance of
human oversight and domain expertise in effectively exploiting this potential. As implied by Dwivedi
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et al. (2023), the end goal should be the prudent and ethical use of Al to augment, not replace,
human abilities in research and other knowledge-intensive tasks.

Our research adds to the existing literature by empirically examining Al, specifically ChatGPT, in
various academic research stages. In doing so, it paves the way for investigating how Al can further
be utilized to enrich the quality and efficiency of academic research in design and other disciplines.
Nevertheless, the findings also suggest its acceptance and perceived effectiveness may substantially
vary among users. This variability emphasizes the importance of continuous research in this field to
thoroughly explore and address Al-generated content's implications in academia. While our results
don't offer an unequivocal endorsement or criticism of Al language models like ChatGPT in academic
writing, they contribute to a nuanced understanding of this emerging technology's potential
strengths, weaknesses, and future exploration areas.

Future research should concentrate on refining the process of combining private and public data
with domain expertise to optimize Al-generated texts' quality. Moreover, a broader exploration of
ethical considerations around Al authorship in academia is necessary to ensure a balanced and
responsible approach to Al usage in research.
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