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Abstract 

Introduction:  The transformative feature of Artificial Intelligence (AI) is the mas-
sive capacity for interpreting and transforming unstructured data into a coher-
ent and meaningful context. In general, the potential that AI will alter traditional 
approaches to student research and its evaluation appears to be significant. With 
regard to research in global health, it is important for students and research experts 
to assess strengths and limitations of GenAI within this space. Thus, the goal of our 
research was to evaluate the information literacy of GenAI compared to expectations 
that graduate students meet in writing research papers.

Methods:  After completing the course, Fundamentals of Global Health (INTH 401) 
at Case Western Reserve University (CWRU), Graduate students who successfully 
completed their required research paper were recruited to compare their original 
papers with a paper they generated by ChatGPT-4o using the original assignment 
prompt. Students also completed a Google Forms survey to evaluate different sections 
of the AI-generated paper (e.g., Adherence to Introduction guidelines, Presentation 
of three perspectives, Conclusion) and their original papers and their overall satisfac-
tion with the AI work. The original student to ChatGPT-4o comparison also enabled 
evaluation of narrative elements and references.

Results:  Of the 54 students who completed the required research paper, 28 (51.8%) 
agreed to collaborate in the comparison project. A summary of the survey responses 
suggested that students evaluated the AI-generated paper as inferior or similar to their 
own paper (overall satisfaction average = 2.39 (1.61–3.17); Likert scale: 1 to 5 with lower 
scores indicating inferiority). Evaluating the average individual student responses for 5 
Likert item queries showed that 17 scores were < 2.9; 7 scores were between 3.0 to 3.9; 
4 scores were ≥ 4.0, consistent with inferiority of the AI-generated paper. Evaluation 
of reference selection by ChatGPT-4o (n = 729 total references) showed that 54% 
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(n = 396) were authentic, 46% (n = 333) did not exist. Of the authentic references, 26.5% 
(105/396) were relevant to the paper narrative; 14.4% of the 729 total references.

Discussion:  Our findings reveal strengths and limitations on the potential of AI 
tools to assist in understanding the complexities of global health topics. Strengths 
mentioned by students included the ability of ChatGPT-4o to produce content very 
quickly and to suggest topics that they had not considered in the 3-perspective sec-
tions of their papers. Consistently presenting up-to-date facts and references, as well 
as further examining or summarizing the complexities of global health topics, appears 
to be a current limitation of ChatGPT-4o. Because ChatGPT-4o generated references 
from highly credible biomedical research journals that did not exist, our findings con-
clude that ChatGPT-4o failed an important component in using information effectively. 
Moreover, misrepresenting trusted sources of public health information is highly con-
cerning, particularly given recent experiences from the COVID-19 pandemic and more 
recently in reporting on the impact of, and response to natural disasters. This is a sig-
nificant limitation of GenAI’s ability to meet information literacy standards expected 
of graduate students.

Introduction
The concept of artificial intelligence (AI) began to emerge in the 1950s, with Alan 
Turing’s Imitation Game and Isaac Asimov’s science fiction novel, I, Robot, [1, 2]. The 
birth of formal research on AI has been traced to the 1956 Dartmouth Conference, 
where interests of John McCarthy, Marvin Minsky, Allen Newell and Herbert A. Simon 
first coalesced [3]. After decades primarily occupying the academic world, generative 
AI (GenAI) exploded into the mainstream in November 2022 when the large language 
model (LLM) ChatGPT was released for open public use by OpenAI [4]. As of July 2024, 
the top three AI tools now used include ChatGPT (3 billion monthly visits (53.5% mar-
ket share), 180 million users) Canva (833 million monthly visits (14.86% MS), 170 million 
users) and Google Gemini (316 million monthly visits (5.65% MS), 100 million users) 
[5]. The transformative feature of this technology is the massive capacity for interpreting 
and transforming unstructured data into a coherent and meaningful context. Given this 
potential, there is significant concern that AI will be disruptive to traditional instruc-
tion/evaluation of academic research [6, 7] and professional communications [8].

As was evident during the COVID-19 pandemic, evaluating and interpreting global 
health information challenged everyone with interests in human health from the gen-
eral public to academic (students and faculty), government leaders, and policy makers 
[9–13]. This is all the more challenging given that the global health landscape is continu-
ously changing and dependent on simultaneously understanding hyper-local, national 
and international contexts. Improving global health awareness and more effective public 
health response, consequently requires more effective communication across this com-
plex landscape [14–18].

Engaging in the challenge of global health education requires that students possess 
both broad skill sets and societal awareness [19–25]. Meaningful participation within the 
global health classroom environment requires that students have working fluency with 
technical disciplines of infectious diseases, nutrition, biotechnology, epidemiology, math-
ematical modeling, climate science and engineering. Well-developed communication 
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and computational skills are also essential. Furthermore, students must be able to engage 
appropriately on topics with inherent geographical, cultural, socio-economic, biomedical, 
and political complexities prioritizing the dignity of all people irrespective of disparities in 
access to health care. With these expectations, advanced undergraduate and graduate stu-
dents are best suited for global health courses.

As GenAI tools are rapidly proliferating, with many free to access, its use is having a sig-
nificant impact on what is written around the world. Across the biomedical arena, a Pub-
Med search found that ChatGPT now appears in the title of 3,506 published manuscripts 
(1,626 in 2023; 1,880 through October 29, 2024). How GenAI impacts a critically important 
global health narrative opens a knowledge gap that, so far, has relatively few published man-
uscripts (PubMed search with ChatGPT and “global health” All Fields = 59 published man-
uscripts; 24 in 2023; 35 through October 29, 2024). Therefore, this study evaluating how 
GenAI-generated content would compare with graduate student research papers sought to 
investigate how ChagGPT-4o would perform relative to a number of unique, current global 
health concerns. For this comparison, we were mindful of both punitive (guidelines regard-
ing “Definitions of Violations” that customarily focus on plagiarism, misrepresentation of 
submitted work and/or obstruction of other students’ scholarly work) as well as more con-
structive perspectives for our evaluations.

From the constructive position, as global health scholars, we focused on information lit-
eracy (IL – concept stewardship falls largely within the realm of library and information 
science (LIS) profession) [26]. The evolution of IL deserves further literature review as it 
influences standards of competency across many fields [27] and these standards under-
lie methods for teaching students how to write research papers. In coining the term, Paul 
Zurkowski (President of the Information Industry Association, 1974) contrasted literacy, 
the ability to read and write, with IL as further molding of information [26]. Basic princi-
ples of IL include, recognizing when information is needed and having the ability to locate, 
evaluate and use the needed information effectively [28, 29]. Effective use of informa-
tion can be evaluated from corporate (e.g., product development and protection, patent-
ing) and academic (e.g., all phases of which emphasize accurately acknowledging (citing) 
sources of information) worlds [30]. Over time, IL has required specific expansion related 
to grade-level and subject matter, and to keep pace with the evolution of new technologies 
(e.g., computer, digital, internet, media, news) [31, 32]. Information literacy takes on added 
importance in the setting of global health due to differences among international states. To 
emphasize the importance of an information literate society on the global level, the United 
Nations Educational, Scientific and Cultural Organization (UNESCO) partnered with the 
International Federation of Library Associations and Institutions (IFLA) to convene “expert 
meetings” that culminated in the Prague Declaration (2003) [33] and the Alexandria Proc-
lamation (2005) [34]. These documents emphasize that IL is a basic human right “assisting 
individuals and their institutions to meet technological, economic and social challenges, to 
redress disadvantage and to advance the well-being of all [34].” Given these priorities, the 
latest advances in information technology giving rise to GenAI tools must also be evaluate 
in the context of IL.
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Methods
Fundamentals of global health course

Course

Fundamentals of Global Health (INTH 301/401) is offered to third and fourth-year 
undergraduate students and graduate students across the University and is a require-
ment for Department-specific Certificates in Global Health and for students in the 
Master of Public Health, Global Health Concentration. The course integrates multi-
ple perspectives in global health by investigating how the disciplines of Biology, Bio-
ethics, Epidemiology, GIS, Molecular Diagnostics and Bioinformatics, Mathematics, 
Anthropology, Nursing, Social Work, Environmental Science, Engineering, Medicine, 
Bioethics and Public Health analyze and approach intersecting international health 
problems. This is achieved through course modules organized by faculty subject mat-
ter experts that incorporates background materials from different peer-reviewed 
sources (e.g., journals, monographs, podcasts, blogs). In this interdisciplinary context, 
students are encouraged to develop a shared vocabulary to understand these multiple 
perspectives from within (and outside) their own discipline. The course emphasizes 
issues related to international health agencies, health consequences of development 
projects, emergency response to health care crises, climate change and diseases of 
historical, present, and emerging global health importance. Current and emerging 
narratives integrate course presentations and assessment activities.

Research paper

Graduate students taking INTH 401 are required to write a research paper.
In brief, the general instructions for the research paper are as follows. The paper 

should be 10 – 15 pages of text (2,500 to 3,750 words) exclusive of references, tables 
or figures and should discuss an infectious disease of global health importance in a 
specific place (a country is acceptable, region in a country, a specific city or village 
preferred) from 3 perspectives (e.g., (1) the biology of the disease, (2) spatial epi-
demiology and (3) the ethics of vaccine distribution). Each perspective should then 
be presented in a separate section with its own separate heading. The final section 
should synthesize how these perspectives are related to each other and thereby state 
how they are integrated. All research papers must include a minimum of 25 refer-
ences from the peer-reviewed literature. Wikipedia and websites are not acceptable 
references. From 2021 to 2024 specific statements were made to discourage any use 
of artificial intelligence. Research papers were screened for plagiarism using Turnitin 
software provided through the CWRU Canva​s Wizard.

Comparative research paper assignment

Pilot project

During the 2024 Spring semester offering of INTH 301/401, the course instructor first 
followed the INTH 401 research paper prompt to generate a paper using ChatGPT 
3.5 and Perplexity AI. During this same time frame, after student papers were writ-
ten following traditional guidelines to avoid plagiarism (no AI assistance other than 
conventional spelling and grammar checking available through word processing and 

https://webapps.case.edu/canvas/
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Google Docs software), two students were asked to use an AI virtual assistant of their 
choosing to write their same paper research papers using the assignment guidelines 
as the prompt. Results were shared with the course instructor and teaching assistants 
from the 2023 and 2024 course offerings and used to evaluate the feasibility of the 
intended project and to optimize the study design; this work was not graded.

Comparative AI paper

In the pilot project AI chatbots ChatGPT-3.5, Perplexity AI, and EssayGenius, were 
used. We ultimately selected ChatGPT-4o for the next phase of the project. Instruc-
tions for generating the AI-generated paper, closely followed those provided below 
(Fig. 1, Supplemental Method 1). Based on experience from the pilot project, additional 
prompts were suggested to emphasize the page/word limit and reference inclusion. This 
level of guidance is known as zero-shot prompting [35–37], wherein the AI tool receives 
a task description in a prompt that lacks labeled data for training on specific input–out-
put mappings.

The student’s original research paper (following Research Paper methods, above) 
and the comparative AI paper (following Comparative AI Paper methods, above and 
in Methods Supplement 2) were similar in that they used the same prompt to guide/
develop/compose their two papers. The papers were different in that the students’ origi-
nal paper (written following traditional scholarly methods) was written during the time 
they were enrolled in the course, and they received a grade for their original work. The 
Comparative AI Paper was generated using ChatGPT-4o after they had completed the 
course, and the AI paper was not graded.

Recruitment and incentivizing students

Students from 2021 – 2024 were recruited (n = 54) using their student email addresses 
provided through the CWRU Canvas Wizard. Inactivation of student email addresses 
was evident for seven students based on a mail delivery system bounce-back message. 
The recruitment email to students (Supplemental Method 2) provided a brief overview 
regarding the motivation from the project and the goal of (1) producing a poster for 
presentation at the March 2025 annual meeting of the Association for Prevention Teach-
ing and Research, and (2) writing a paper to submit to a relevant journal for peer review. 
As with the Pilot Project, student author participation was not a part of the assigned 
course work and was not graded.

Evaluation of paper narrative and student surveys

Before the students submitted their ChatGPT4o-generated papers, they were asked to 
read and then evaluate the paper narrative and then compare it using the queries in a 
Google Forms survey (Supplemental Method 3) and submit their ChatGPT4o-generated 
papers (in full) to the course instructor and TAs by email or as a Google Doc.

The Google Forms Survey included queries to evaluate—Adherence to Introduction 
Guidelines (Yes/No), Evaluation of Three Perspectives, Summary and Overall Quality (5 
Likert scale items: 1 = Significantly inferior; 2 = Inferior; 3 = Similar; 4 = Somewhat bet-
ter; 5 = Significantly better)). The survey also included the following open-ended queries.
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•	 How familiar are you with AI tools (which tools do you use and if so, in what con-
text)? How do you envision AI tools helping you in your own future research?

•	 Please reflect on this project in terms of your expectations and comparing your own 
work to the ChatGPT-4o-generated output.

Evaluation of student and ChatGPT‑4o‑selected references

The following steps were followed to evaluate the authenticity of cited references. If a 
website or doi number was provided, this content was entered into the Google search 
window and the search was initiated. If information was provided to identify a specific 
journal article, the Journal name/volume/issue/pages information was entered into the 
Google search window and the search was initiated. If this search strategy did not reveal 
the anticipated article, additional searches were attempted using Google Scholar and 
PubMed. When difficulties were encountered using information provided by students 
or ChatGPT-4o, Journal name/volume/issue/pages, information was used at the Journal 
website to attempt to authenticate the content appearing in the journal at the suggested 
destination by searching through the journal’s archived material (if available).

As a first round to evaluate the authenticity of references cited by students and Chat-
GPT-4o, journals and online materials were queried via Google. Journals were further 
evaluated for current impact factor (IF) data using the online journal IF search engine, 
Bioxbio. All IF metrics were compared to Journal landing page information for concord-
ance. Data for all students and ChatGPT-4o references were entered into a spreadsheet 
to facilitate further assessments and comparisons.

Finally, as with grading of student papers, references were examined in the sentence/
paragraph structure where they appeared in the narrative. Therefore, both authenticity 
and relevance factored into the overall assessment of both papers.

Data analysis

Information pertaining to all references was entered into a Microsoft Excel spreadsheet 
to enable preliminary comparisons and descriptive analyses. Statistical tests were per-
formed by R.

Institutional guidance from Case Western Reserve University (CWRU) on the use of artificial 

intelligence in the classroom

At the time this study was conducted the guidance to faculty on integrating AI (artificial 
intelligence) into the CWRU classroom is summarized briefly, below; a link to further 
guidance is provided here.

1.	 Faculty members have complete discretion regarding the extent to which they will 
allow AI tools to be used by their students.

2.	 Faculty should clearly communicate expectations regarding the use of AI tools to 
students in all course syllabi.

3.	 Faculty must enforce high ethical standards for students’ academic conduct. The uni-
versity’s various Academic Integrity policies prohibit academic dishonesty, including 
misrepresentation of a student’s own work.
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4.	 Faculty may take advantage of software tools that can detect the use of AI by stu-
dents in their work.

Based on discussions with faculty colleagues who presented module content and 
the Senior Associate Dean of Graduate Studies, this study did not qualify as human 
subjects research and therefore did not require Institutional Review Board approval.

All students agreed with the project protocol and consented to participate (Supple-
mental Method 1).

Results and Discussion 
Overview of student research papers

From 2021 to 2024, 117 students (60 undergraduate, 57 graduate) have completed 
Fundamentals of Global Health. Writing the research paper that is the focus of this 
project is required of graduate students only. Of 54 completed research papers, 28 
(51.8%) students accepted the invitation to collaborate as authors (Supplemental 
Table  1). Infectious diseases of global health consequence and the regional concen-
trations of the research papers are summarized in Fig. 2. This included 20 viral infec-
tions, 5 bacterial infections and 3 parasitic infections. High representation of papers 
focused on COVID-19 stemmed from student interests in the pandemic during the 
2021 and 2022 course offerings.

Fig. 2  Map illustrating the geographic distribution of 54 student papers according to World Health 
Organization regional groupings (African, 12; Americas, 17; Eastern Mediterranean, 8; European, 3; Southeast 
Asian, 8; Western Pacific, 4). Additional data shows students’ interests in infectious disease of global health 
importance (20 viral (COVID, 19; HIV/AIDS, 2; Polio, 2; Ebola, 2; HPV, 1; Influenza, 1), 5 bacterial (Tuberculosis,4; 
Cholera, 2; Leptospirosis, 1; Lyme Disease, 2; Typhoid 1) and 3 parasite (Malaria, 2; Leishmaniasis, 1; 
Babesiosis, 1)
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The further perspectives students took to assess the complexity of the infectious 
diseases of global health importance, based on weekly modules presented during the 
course, are summarized in Table 1. Taken together, data from Fig. 2 and Table 1, illus-
trate that the content of the research papers was unique to the individual students.

Assessment of ChatGPT‑4o global health research papers

ChatGPT-4o Narrative – The 28 ChatGPT-4o-generated papers (Supplemental Table 1) 
were first evaluated based on the word-length targets provided in the prompt guide-
lines Results in Fig. 3 show that the content generated by ChatGPT-4o was significantly 
shorter (red crosses) than targets (blue dashed lines/boxes) suggested for the Introduc-
tion P1, P2, P3 sections and total paper; word-length of the Summary section met the 
suggested target. A cross comparison also demonstrated the content generated by Chat-
GPT was significantly (p < 0.001) shorter than student written papers.

All students indicated that the ChatGPT-4o paper included an Introduction that fol-
lowed prompt guidelines. Results summarizing student responses to the 5 Likert scale 
items (1 = Significantly inferior; 2 = Inferior; 3 = Similar; 4 = Somewhat better; 5 = Sig-
nificantly better) are presented in Fig.  4. An overall evaluation of the student surveys 
suggested that the majority of the students evaluated the AI-generated paper as inferior 
or similar to their own paper (overall satisfaction average = 2.39 (1.61–3.17); 2 = Signifi-
cantly inferior; 16 = Inferior; 7 = Similar; 3 = Somewhat better; 0 = Significantly better).

Table 1  Modular perspectives for assessing global health challenge

Perspective Count (Gen) Count (Spe)

1 History/Policy History 10 1

Policy 6

ID in Conflict 1

Colonialism 1

Economical 1

2 ID Bio ID 29 27

GBoDisease 2

3 Nutrition Nutrition 8 8

4 Epidemiology Epi ID 18 18

5 Spatial Epi Spatial Epi 15 15

6/7 Biotechnology Biotechnology 8 7

Bio Vaccines 1

8 Modeling Modeling 4 4

9 Env Sci/Climate Climate Change 15 9

Env Health 3

Ecology 3

10/11 Health Delivery HC Delivery 19 4

LTH Facilities 1

SDOH 14

12 Anthropology Anthropology 19 18

Gender Inequality 1

13 Bioethics Bioethics 17 8

Vac Dist Ethics 9
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Individual student responses showed both within and between variation. Only four 
of the 28 students selected the same score for all 5 survey items (students 6, 8, 14 
and 20), responding with a score of 2 to each item. All other students entered differ-
ent responses among the 5 items, suggesting that the students evaluated each com-
ponent of the research paper independently. Consistent with the inferior assessment 
of the AI-generated paper, the average individual student responses for the 5 que-
ries showed that 17 scores (60.7%) were < 2.9; 7 scores (25%) were between 3.0 to 3.9; 
4 scores (60,7%) were ≥ 4.0. Additionally, for the 5 Likert scale items, we found that 
the upper bound of the standard deviation was less than 2.9 for 17 students (60.7%), 

Fig. 3  Summary of ChatGPT-4o-generated Word Count and Paper Requirements. Introduction (250 words); 
Perspective 1 (P1, 500–750 words); Perspective 2 (P2, 500–750 words); Perspective 3 (P3, 500–750 words); 
Summary (Sum, 250 words); Total (2,500–3,750). Blue dashed lines and boxes identify these targets

Fig. 4  Assessment of Student Survey Responses. 28 students participated in the project and completed 
the Google Form survey. Responses to each of the 5 Likert scale questions pertaining to five evaluations 
of the student research paper (Left of grid – P1 = Perspective 1; P2 = Perspective 2; P3 = Perspective 3; 
Sum = Summary/ Integration; OA = Overall Assessment) are shown as coded circles (see legend above the 
grid). The average and standard deviation of responses to each of the 5 survey items are shown at the right. 
There are a total of 140 individual responses: 14 responses of 1; 76 responses of 2; 26 responses of 3; 20 
responses of 4; 4 responses of 5
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3–3.9 for 7 students (14.3%) and 4–4.9 for 4 students (14.3%) (Supplemental Table 2). 
By this individual student assessment, the majority of the students felt that the AI-
generated paper was inferior to the paper that they had written; 12% indicated that 
the AI-generated paper was superior.

In response to the open-ended query regarding experience with AI tools, 6 students 
indicated first-time use in the context of this project, 9 responded a little/non-aca-
demic use, 10 responded that they had moderate experience (in the context of study-
ing, improving grammar and spelling, organizing daily plans), 3 indicated frequent 
experience in writing and research. The students who had used AI tools prior to 
this project had used earlier versions of ChatGPT, Microsoft CoPilot and Perplex-
ity AI. In response to their overall expectations for ChatGPT-4o in this project, the 
students provided both positive and negative assessments of the AI-generated paper 
and excerpts from a sample of these responses are provided in the following Table 2 
(Minor editing to delete “…” or [modify] text were made by the instructor (e.g., from 

Table 2  Student assessments of ChatGPT-4o-generated paper

1. …favorite things about public health is its relationship to medicine, math, history, and politics... It seemed that 
ChatGPT struggled with interweaving these topics

2. I was surprised to see how much of the essay was spent [on] defining the terms given in the prompt…I was 
astounded by the ability of AI to generate a paper that I would have pored over for hours to ponder each sen-
tence and connection in a short period of time. I cannot believe that this is possible

3. ChatGPT did a great job of summarizing the existing work [conclusion], which was honestly better than mine. 
The introduction also did a pretty nice job of setting the scene. Yet, the ChatGPT did not really explain any claims 
it made throughout the body of the paper, which simply will not work in a [graduate level research paper]

4. I believe AI tools are best [for aggregating] resources… A great deal of nuance is missing from the Chat-
GPT version that I included in my paper because I had the historical, cultural, and global context of previous 
research…

5. … the synthesis, which was just regurgitated information from other sections and lacked deeper analysis

6. The modeling section was surprising, as ChatGPT did an analysis similar to mine, and created an SEIR model of 
COVID-19 and influenza dual-endemicity

7. I expected a higher quality output... I think part of the problem was in the quality of the inputs. I didn’t include 
nuanced topics that I researched... 

8. Perhaps due to the niche nature of the subject I was surprised that the chat bot did not provide more recent 
examples compared to my paper written nearly 3 years ago (original student paper Spring 2021)

9. In my own paper, I attempted to present more background information than I found in the generated paper, 
but the generated paper presented the biological/technical information better than I did, I think. I was both 
surprised and frightened by the quality of ChatGPT’s output and annoyed when it presented the information 
better than I did

10. It is…very simple…to use and very quick. I am sure some of the grammar…in the ChatGPT version is better 
than my own. … very complicated to use a tool like this to completely synthesize different perspectives, specifi-
cally …as broad as Global Health

11. …reinforced my prior assumptions about ChatGPT…they can write at a high-school, 10th grade level but 
have repetitive sentence structure, poor transitions, and overall stilted writing style…ChatGPT made up facts 
about the pathophysiology of malaria

12. ChatGPT-4o output did not meet the word requirements of the paper but provided a lot of relevant informa-
tion to the three perspectives. While it is helpful…, it still needs a lot of work in order to fully create a paper that 
meets all of the requirements

13. I think some more critical analysis of sources and synthesis of the material was needed to bring this up to par 
with the work of a graduate student, but it provided a useful overview of the perspectives in the prompt

14. I think I have it deeply ingrained in me that I can do it better myself, and so I’m unwilling to give up the steer-
ing wheel, so to speak

15. The ChatGPT provided similar information to my original paper. However, it was very surface level information 
that lacked depth and details of the topic at hand. It was a very general paper with few references that supported 
each point
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“will not work in a research paper, let alone graduate level research” to “will not work 
in a [graduate level research paper]”)).

These responses consistently reflected the quantitative assessment of the overall paper 
(Fig. 4) and provided further insights into the students’ assessments of their own papers 
and the ChatGPT-4o product. General summaries of their comments found that the 
ChatGPT-4o was generated very quickly, was grammatically correct and might serve as a 
very useful outline or organized guide to a complete paper. However, the students found 
that the content was noticeably superficial, repetitive of the prompt, and nuanced details 
of their complex global health problem were not developed. Additionally, students com-
mented on a number of ChatGPT-4o shortcomings with identification and integration 
of references. Of note, ChatGPT seldom used more than one reference to support its 
content. Additionally, although prompted to integrate references into the narrative (in 
some cases more than once), ChatGPT-4o did not complete this step in 11 of 28 papers.

Effective use of citations is an indication of acquired skills in academic writing as 
emphasized in principles of IL. Importantly, appropriate use of citations provides attri-
bution to those who have previously published, content, concepts, methods, made 
discoveries and developed theories [38]. Written narrative on complex topics that is sup-
ported by well-selected references builds credibility and authority of the author. It shows 
that the writer has read the appropriate background to understand many aspects of the 
topic being presented, provides validation to critical facts underpinning the topic, and 
calls attention to the history of contributions that have led to the present. Ultimately, 
a well-referenced work enables readers to feel as though the authors have helped them 
understand the essentials linked to the topic. Understanding present-day global health 
requires that students read from multiple sources and use references to (1) avoid bias 
or over-simplification and (2) accurately represent the history, culture, geographic, bio-
medical and public health perspectives contributing to challenges on which they are 
writing. Inadequate referencing leads to the appearance of an incomplete or confused 
presentation of important topics. Failure to cite previous work is viewed as plagiarism 
[39] and stiff punishments are often meted out (failure of an assignment or expulsion 
from school) to those who violate this basic principle of academic integrity.

Therefore, products generated by the students and ChatGPT-4o were finally evaluated 
with the importance of referencing in mind. Two criteria were used to evaluate refer-
ences – accuracy and impact. Accuracy, or “hit-rate” (n cited/n exist) was determined by 
whether the reference cited could be found to exist using the approach outlined in the 
method. Impact was determined by assigning the Journal impact factor (IF) to an indi-
vidual reference and averaging the Journal impact factors in the paper.

For the 790 references cited by the students (28.21 references per paper), the hit-rate 
was 100%; average IF across the 28 student papers was 10.43. For the 729 references cited 
by ChatGPT-4o (26.03 references per paper), the hit-rate was 54.3% (396/729); average 
IF across the 28 ChatGPT-4o papers was 14.14. Factors contributing to the ChatGPT-
4o 46.7 miss rate (333/729) are summarized in Table 3. Of the ChatGPT-4o references 
deemed to be accurate,

26.5% (105/396; 105/729 = 14.4% of total references) were then determined to be rel-
evant to the paper narrative where they were cited. The most common reason for Failed 
Relevance resulted from ChatGPT-4o not integrating citations into the text (259/396). 
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Table 3  Citation authenticity assessment

n=396 Exact match

n=14 Near miss (e.g., moved from a preprint server to published manuscript)

n=46 Not a direct hit, most often due to updated or nonfunctioning ULR

n=111 A different manuscript at the designated volume/issue/pages

n=96 Journal site could not find manuscript

n=5 Manuscript (suggested author and title) found in a different journal or book

n=111 Manuscript duplicate in "References cited"

n=50 Google cound not find citation

Table 4  Specific examples of reference failures for accuracy and relevance

Failed Accuracy Examples
1. Cited manuscript did not appear in Nature Medicine, 26 pp. 1641–1645, 2020; it did appear in Nature Medicine 
27 pp. 94–105, 2021

2. Cited manuscript did not appear in PLoS Negl Trop Dis. 2016;10(1); it did appear in PLoS Negl Trop Dis. 2011 Jan 
25;5(1):e1003

3. Cited manuscript did not appear in Int. J. of STD & AIDS. 2005, 16(3):217–223; it did appear in Int. J. of STD & AIDS. 
2005, 16(4):217–223

4. Cited manuscript did not appear in Nature Microbiology. 2014; 2,14012; it did appear in Nature Microbiology. 
2014; 4(9):1508–1515, with an expanded author group

5. Ferguson, N. M., et al. (2020). Impact of non-pharmaceutical interventions (NPIs) to reduce COVID-19 mortality 
and healthcare demand. Nature, 585(7807), 257–261

It was published as an internal document @ Imperial College of London on March 16,2020

6. Lancet 396(10249) did not contain pages 1138-40. These pages were found in Lancet 36(10258). No matching 
manuscript was found

Failed Relevance Examples
1. Sentence reads - In addition to vaccines, antiviral medications such as oseltamivir and zanamivir can reduce 
the severity and duration of influenza symptoms if administered early in the course of illness [REF]. The refer-
ence (Gostic KM, et al. (2020) Practical considerations for measuring the effective reproductive number, Rt. PLoS 
Comput Biol 16(12): e1008409) makes no mention of treatments for severity and duration of influenza symptoms 
by the indicated drugs

2. Sentence reads - France, leveraging its economic strength, swiftly mobilized funds for healthcare, research, and 
economic stimulus to mitigate the pandemic’s impact [REF]. The reference (Emanuel EJ, et al.(2020) Fair Alloca-
tion of Scarce Medical Resources in the Time of Covid-19. New England Journal of Medicine 21;382(21):2049–2055) 
is focused on rationing of medical equipment and interventions in the United States. There was no mention of 
France in the article

3. Sentence reads - Understanding the genetic and environmental factors that influence the progression 
of COVID-19 and its variants is essential for developing effective public health policies [REF]. The reference 
(Bastard P, et al. (2020) Autoantibodies against type I IFNs in patients with life-threatening COVID-19. Science 
370(6515):eabd4585. doi: 10.1126/science.abd4585) was not focused on COVID-19 variants or public health

4. Sentence reads - A study by Evans et al. [REF] reported that the timely establishment of Ebola Treatment Cent-
ers (ETCs) in Sierra Leone was associated with a reduction in case fatality rates (CFRs) from 70% to 40%, highlight-
ing the importance of accessible and effective treatment facilities. The reference (Evans, D. K., Goldstein, M., & 
Popova, A. (2015). Health-care worker mortality and the legacy of the Ebola epidemic. The Lancet Global Health, 
3(8), e439-e440) modeled how the loss of health-care workers - defined here as doctors, nurses, and midwives 
- to Ebola might affect maternal, infant, and under-5 mortality. There was no mention of ETCs and no specific 
mention of reduced CFRs from 70% to 40%

5. Sentence reads - A study by Tiffany et al. (REF) indicated that community engagement efforts led to increased 
compliance with public health measures and a greater willingness to report suspected cases. The reference 
(Tiffany, A., et al. (2017). Estimating the number of secondary Ebola cases resulting from an unsafe burial and risk 
factors for transmission during the West Africa Ebola epidemic. PLoS Neglected Tropical Diseases, 11(6), e0005491.) 
focused on safe dignified burial practices and not on willingness to report suspected cases
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More specific examples of reference failures for accuracy and relevance are provided in 
Table 4.

Since November 2022, AI technology has emerged and users are testing its virtual 
powers by the hundreds of billions (e.g., planning workouts [40], dinner parties [41], 
vacations [42], seeking career advice [43], optimizing computer code [44]). There is also 
clear indication that a large majority of students have accessed AI tools for assistance in 
completing their academic assignments [6]. Therefore, this project was motivated by the 
wide appeal for using these tools, and curiosity regarding how they might impact and/or 
contribute to our understanding of complexities in global health.

This global health research paper project provided a range of opportunities to observe 
ChatGPT-4o performance on zero-shot prompting (GenAI tool receives a task descrip-
tion in a prompt that lacks labeled data for training on specific input–output mappings 
[35–37]) across a wide range of landscapes. Following the path from basic guideline 
requirements (e.g., word length, reference numbers, style, integration into the narra-
tive) provided easily scorable outcomes and this is a major thrust of the work we have 
performed so far. Assessing performance of ChatGPT-4o to "hit the targets" is a surface 
level test. We have extended our assessment of the basic countable items by evaluat-
ing whether references and narrative make sense. In this analysis we found that 46% of 
references identified by ChatGPT-4o did not exist. Further assessment of narrative and 
references found that only 73.5% of authentic references were not relevant to the narra-
tive with which they were integrated. Our results reflect the recent findings by Aljamaan 
et al., where their reference hallucination score [45] summarizes inconsistencies within 
references and between references and text as we have reported (Table 2). These findings 
indicate that ChatGPT-4o failed to meet information literacy expectations of a gradu-
ate student research paper. Emergence of newly released OpenAIo1 (aka Strawberry) 
has introduced reasoning into its repertoire of approaches to information assembly. 
Because, as described, this new tool “thinks” before it presents its information, it will be 
important to determine if higher rates of continuity between sentences and references 
are observed by users.

Limitations of this study
Settling upon the zero-shot prompting approach was intentional, so that we could 
observe if/how ChatGPT-4o would engage with open-ended global health outbreak sce-
narios, because these situations will not always have well-developed training materials to 
serve as guides, or because new episodes of a somewhat familiar outbreak may include 
important nuances that differ from earlier outbreaks. The ChatGPT-4o-generated 
responses we observed were consistent with more limited findings from other research-
ers; that generative AI responses are often very generalized, stressed preparedness and 
were often repetitive of content in the prompt. As stated earlier, there are relatively few 
papers at the intersection of ChatGPT and global health, and so it is important to know 
if it is possible to improve upon the outcomes we observed. At this point we do not know 
if content generated by zero-shot prompting will improve as GenAI tools are upgraded. 
Based on experience while designing the current study, we do have some insight into 
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whether the same outcomes would be observed if the study were repeated by the same 
cohort. For example, when we asked ChatGPT-4o to revise content to reach word count 
requirements, we observe rewriting but very similar content in the GenAI product. We 
also observe the same flaws in the references selected by ChatGPT-4o that have been 
elaborated in Tables  2 and 4. Future studies will determine if new versions of GenAI 
tools will produce content that more closely reaches graduate student standards of IL.

Zero-shot prompting is different from approaches where a GenAI tool is provided 
with substantial content as raw material (e.g., Few-shot, Chain-of-thought [35–37]). 
These more highly guided strategies are also being used by biomedical researchers to 
test LLMs abilities to assist with writing basic research manuscripts and authoritative 
review articles [45–48]. Would our results have been different if we had employed these 
alternative strategies? As these studies have used very similar GenAI tools (ChatGPT-3.5 
or ChatGPT-4o) we are not surprised to see many of the same shortcomings observed 
in our study (e.g., reference and content hallucinations [45]). We also wondered whether 
using one or more published manuscripts as AI query guides would overly influence 
the GenAI product by the circumstances of past events? Again, future studies using a 
wide assortment of prompting strategies [35–37] should be performed by subject-matter 
experts to investigate how information relevant to global health research is generated 
and assess its quality.

Finally, beyond the results of this technical comparison between student and Chat-
GPT-4o-generated research papers, there is considerable important work to perform at 
the intersection of GenAI and global public health to fill a substantial knowledge gap. As 
demonstrated by the student papers, numerous ongoing outbreaks of globally important 
infectious diseases provide content for testing and training LLMs beyond the basic rec-
ognition of words and phrases in written content describing these outbreaks. Develop-
ing new tools to predict how various scenarios might amplify transmission of infectious 
diseases beyond local, regional, and national public health agency capacity to control 
and constrain disease outbreaks will be important to assess. Testing how sensitive and 
specific GenAI would be in detecting conditions for new infectious disease outbreaks 
would be a major global public health development. For insights on this, one of our 
students who wrote their paper on a complex respiratory virus model provided the fol-
lowing favorable assessment of was ChatGPT-4o. “ChatGPT created an SEIR (Suscep-
tible-Exposed-Immune-Recovered) model of COVID-19 and influenza dual-endemicity 
with varying scenarios of intervention. This model was calibrated on public CDC 2019–
2023 data, which was not available [at the time the student paper was written in 2022].” 
Other published studies provided varying assessments. Three studies conducted “natural 
conversations (NC)” with ChatGPT finding that the GenAI tool had capacity to refine 
and debug code and develop a model that could fit 10 days of prevalence data to esti-
mate a basic reproductive number and final epidemic size [49]. However, two additional 
studies using similar NC strategies found either that ChatGPT stated clearly that it was 
not capable of predicting disease-specific trends [47] or was positioned, at best, to play 
a supportive role to human expertise for early prediction, prevention, and management 
of future pandemics [50]. Additional studies have found that ChatGPT demonstrates 
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significant capacity for compiling free text data to improve the accuracy of symptoms, 
monitoring social media trends, as well as detecting and dismissing conspiracy beliefs 
as non-credible and lacking scientific evidence [51, 52]. With the observations form the 
present study and limited numbers of published studies at the GenAI / global public 
health intersection / knowledge gap, substantial subject-matter expert research will be 
required to enable AI-generated content to make positive contributions to authoritative 
sources (CDCs or WHO) on emerging public health threats.
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