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Abstract

As artificial intelligence (Al) advances, there is growing interest in leveraging this tech-
nology to enhance climate change research and responses. While Al has been applied in
quantitative climate research, its role in qualitative research remains underdeveloped. Yet,
qualitative inquiry is essential for understanding how individuals perceive and experience
the effects of climate change. This study aimed to both (1) gain a deeper understand-
ing of New York City residents’ perceptions and lived experiences of climate change
and (2) evaluate the suitability of Al for analyzing qualitative data. Using StreetTalk, a
qualitative method involving street-intercept video interviews and social media dissemi-
nation, research teams analyzed interview transcripts through four approaches: human-
only, human-then-Al, Al-then-human, and Al-only. Co-authors were then provided with
anonymized (blinded) versions of the final theme sets that they did not contribute to and
evaluated them using a standardized rubric developed for this study. The Al-then-human
approach produced the most comprehensive and contextually accurate results, yielding
nine key themes: (1) personal responsibility and action, (2) community unity and support,
(3) government and corporate responsibility, (4) concern for future generations, (5) climate
change impact, (6) climate-related conspiracy theories, (7) low literacy around local cli-
mate change, (8) helplessness, and (9) competing interests around climate change. These
findings provide valuable local perspectives to guide evidence-based strategies for climate
mitigation and community engagement. This research also represents an initial step toward
establishing best practices for integrating Al into qualitative data analysis.
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1. Introduction

As climate change accelerates and continues to pose significant threats to ecosystems
and human livelihoods globally, advancements in artificial intelligence (AI) are simulta-
neously reshaping industries by enhancing communication, streamlining workflows, and
transforming interactions with technology [1-5]. The impacts of climate change on human
life and wellbeing are severe and devastating, whereas the impacts of Al are more nuanced,
promising both incredible advancements and profound ethical considerations for the future
of humanity. While the energy-intensive processes behind Al raise valid concerns about its
environmental sustainability and justice [6,7], its integration into research and daily life is
inevitable [8]. To ensure Al’s role in combating climate change, rather than exacerbating,
we must adapt early and critically assess its capabilities to create sustainable solutions for
the future [9].

1.1. The Importance of Qualitative Research on Climate Change Perceptions

Climate change is the human-induced acceleration of alterations to the Earth’s long-
term climate patterns, primarily attributed to the emission of greenhouse gases [10]. The
impacts of climate change are dire. Such impacts include the destabilization of ecosystems,
worsening natural disasters, and threats to food and water security, which will present
significant challenges to human health, infrastructure, sociodemographic equity, and geopo-
litical stability [3,11-13]. Despite climate change’s global reach, its impacts differ inter- and
intra-regionally and vary from macroclimates to microclimates [12,14,15].

As climate change transpires within communal boundaries, we must gain a nuanced
understanding of its local impacts through people’s lived experiences. Current research on
climate change perspectives is dominated by quantitative surveys that capture broad politi-
cal environmental typologies and generalized demographic information [16,17]. However,
these surveys fail to capture personal knowledge gained from individuals’ and commu-
nities” lived experiences coping with climate change [17,18]. Incorporating qualitative
research is imperative to understand individuals and communities” perspectives and lived
experiences and develop culturally appropriate mitigation strategies.

1.2. Societal and Environmental Impacts of Al

The exponential evolution of Al has coincided with the rapid escalation of climate
change. The use of Al has marked a paradigm shift across virtually every sector—from
national and personal security to school bullying, quantitative research, and celebrity
gossip—reshaping the landscape of modern society [19-22]. By optimizing workflows,
enhancing communication, and enabling breakthroughs in fields like healthcare and energy,
Al has demonstrated transformative potential [23,24]. However, these advancements are
accompanied by significant societal and environmental costs that must not be overlooked.

One of the most pressing concerns is the ecological footprint of Al Training large-scale
models, such as those used for natural language processing (NLP) and image recognition,
demands vast computational power and energy resources. For instance, training GPT-3
consumed approximately 1287 megawatt-hours (MWh) of electricity [25]. However, the
inference phase of Al models—where trained models are deployed for practical use—
may have an even greater energy demand [6,25]. For example, supporting ChatGPT was
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estimated to require 564 MWh of electricity per day, underscoring the substantial ongoing
costs of Al applications [25]. Furthermore, broader integration of generative Al, such as
incorporating Al into every Google search, could result in daily electricity consumption of
up to 80 GWh, equating to 29.2 TWh annually [25]. These figures illustrate the growing
energy demands associated with Al deployment at scale. The environmental costs of Al
extend beyond energy usage. The production of Al hardware, such as GPUs, relies on rare
earth materials, which are resource-intensive to extract and process [6,25]. This contributes
to habitat destruction, pollution, and a growing global e-waste problem.

As Al becomes inevitably becomes increasingly integral to modern society [26], it
is imperative to prioritize Green Al—the development and deployment of Al systems
designed with sustainability in mind [27]. Briefly, Green Al, also referred to as Sustainable
Al seeks to reduce the environmental impact of Al technologies by improving energy
efficiency and encouraging the adoption of sustainable resources [27,28]. By adopting
sustainable practices, Al can potentially contribute to addressing climate change rather
than exacerbating it. For instance, Al has the potential to advance climate science by
enabling sophisticated predictive models for climate patterns, enhancing disaster response
strategies, and optimizing renewable energy systems [29-32]. Simultaneously, efforts to
make Al itself more sustainable, such as streamlining the computational requirements for
training and inference, can reduce its environmental impact [33]. By critically leveraging
Al in this manner, we can attempt to ensure its transformative capabilities are aligned with
the global imperative to combat climate change.

1.3. Leveraging Artificial Intelligence (Al) for Qualitative Research

While Al should be handled with concern and caution, it has the ability to optimize
workflow processes and streamline human interactions [23,24]. In various fields of research,
Al has allowed for advancements in quantitative methodologies by processing and analyz-
ing big datasets with unprecedented speed and accuracy [34,35]. Al-powered tools, such
as machine learning algorithms and natural language processing, enhance efficiency and
scalability in quantitative research by enabling predictive modeling, pattern recognition,
data visualization, and streamlined data collection and analysis [36,37].

While Al has already transformed the landscape of quantitative research method-
ologies, its impact on qualitative research remains limited. Like quantitative approaches,
qualitative research is an intensive, detail-oriented process that demands systematic rigor,
iterative reflection, and contextual sensitivity. As such, Al can serve as a powerful tool
for qualitative research (just as it has for quantitative work) by supporting the organiza-
tion, synthesis, and exploration of complex datasets [38]. Integrating Al into this process,
however, raises both practical and theoretical questions about how meaning is constructed,
interpreted, and represented. From an interpretivist perspective, qualitative analysis seeks
to uncover patterns of meaning through the interaction between data, researcher, and
context [39]. Large language models (LLMs) operate by detecting and summarizing pat-
terns across vast collections of text—a process that, while computational, conceptually
parallels human thematic abstraction at scale [40]. Testing Al within qualitative analysis
thus provides a theoretical opportunity to examine whether algorithmic pattern recognition
can augment or approximate human interpretive reasoning.

The application of Al into qualitative research has been primarily limited to auto-
coding or identifying key words. Briefly, auto-coding in qualitative analysis begins with
human researchers creating codes through thematic analysis [41]. Subsequently, qualita-
tive analysis software (like NVivo and ATLAS.ti) identifies patterns within the data and
assigns codes accordingly to the detected themes [41,42]. Other studies have leveraged Al
to generate keywords in attempt to reduce the time and financial burdens of qualitative
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analysis. For example, one study that used a natural language processing program on
Python 3.7.4 64-bit to identify keywords found that this process reduced project time by a
minimum of 120 h and reduced costs by $1500 [40]. However, this study did not have a
rigorous assessment evaluating the accuracy and quality of the Al- and human-generated
data compared to the fully human-generated data. Moreover, the methods employed in
this study utilized coding in Python for qualitative analysis. As such, to replicate this study
would necessitate qualitative researchers to possess Python coding skills—a proficiency
often lacking among both qualitative and quantitative researchers [43,44]. It is important to
note that while the existing examples focus primarily on improving efficiency in terms of
time and financial savings, there is potential for Al to also enhance the quality and depth of
thematic analysis. In large, qualitative research has overlooked the potential of leveraging
existing knowledge accessible within now mainstream Al applications, such as contextual-
izing data within previously published works and identifying subtle patterns and nuances,
which could potentially enrich thematic analysis. Harnessing these capabilities would
enable researchers to develop comprehensive codes and themes in interview transcripts
more effectively, thereby enhancing the depth and richness of qualitative data analysis.

1.4. Integrating Artificial Intelligence to Qualitative Data Analysis on Climate Change Perceptions

Despite the looming threat of climate change, there is limited scientific research that
qualitatively investigates individuals’ personal perceptions on how climate change impacts
their lives [45-47]. To date, Al has been underutilized in qualitative research, as it has not yet
been employed to develop specific thematic codes. With this in mind, our interdisciplinary
team explored personal perceptions on climate change impacts while at the same time
testing a novel use of Al by utilizing it to help develop themes. Given that climate change
is a pressing issue impacting all living beings on the planet we aimed to add to the limited
body of qualitative, field-based research on the subject.

In this study, we examined New York City (NYC) residents’ experiences and percep-
tions of climate change and its societal impacts. We did so by implementing the StreetTalk
methodology, a strategy developed by this research team to conduct rapid street intercept
interviews and an associated social media dissemination strategy [48]. The StreetTalk
research methodology entails engaging passersby in public settings and asking questions
on a given topic, thereby eliciting spontaneous and dynamic responses from those willing
to talk to strangers on camera. A key element of this approach is to post those interviews
on social media platforms to enable widespread and timely dissemination.

The present study aimed to (1) gain a deeper understanding of NYC residents’ per-
ceptions and lived experiences of climate change and (2) evaluate the suitability of Al for
analyzing the qualitative data generated via street intercept interviews. As such, this paper
offers new substantive and methodological insights by tackling the intersection of two
major burgeoning societal issues: climate change and Al

2. Methods

Using the novel StreetTalk research method, we examined NYC residents” experiences,
knowledge, and perceptions of climate change. Then, during our thematic analysis, we
conducted a blinded control trial to assess the suitability of currently available AI technolo-
gies as a tool for developing themes in a qualitative analysis. The Columbia University
Institutional Review Board approved this study [AAAU3071]. Prior to participating in
this study, participants signed informed consent and media release forms approved by
Columbia University.



Sustainability 2025, 17, 10459

50f18

2.1. Positionality Statement

The interdisciplinary research team comprised individuals from diverse racial, ethnic,
and socioeconomic backgrounds, all of whom had firsthand experiences with climate
change while residing in NYC. This team consisted of students, trainees, and faculty
from numerous disciplines, including epidemiology, biology, anthropology, environmental
science, sociology, environmental health, public health, psychology, and sociomedical
sciences. Our team’s principal investigator (D.H.) is a NYC-native (South Bronx) Latina
sociologist and public health researcher. Every author participated in the data collection
and analysis stages of this study.

The research team developed the current project to normalize and publicize NYC
residents discussing the impacts of climate change through a new method that records
and disseminates individuals’ experiences and challenges living in the time of climate
change. We wanted to understand the perspectives of everyday residents on this topic
as these high-level conversations were occurring throughout NYC to engage the public
in climate change discourse and publicize those perspectives on social media and the
academic literature.

2.2. StreetTulk Data Collection

The team identified Central Park/Midtown, Greenwich Village/Washington Square
Park, Harlem, and Washington Heights as ideal locations for data collection, as they are
areas within Manhattan that represent NYC’s diverse population.

In September 2023, groups of two to four research team members went into the field
to recruit participants and then interview willing participants on-the-spot. Researchers
approached people on the sidewalk, at bus stops, in parks, as well as other public outdoor
locations to ask passersby whether they would be interested in participating in this study.
Once a person demonstrated interest, they were then screened into the study based on
whether they currently lived in one of NYC's five boroughs. Then the researchers reviewed
the consent and media release forms to the participants, highlighting the social media
nature of the project and answering any questions. Participants were informed that they
were allowed to drop out of this study at any point or retract a statement from the recording.
Those who agreed to participate then signed both forms before the interview was initiated.

Immediately after the researchers received the signed consent and media release forms,
one researcher began conducting the interview, while the other video and audio recorded
the discussion. Table 1 presents the interview questions and supplementary probes.

Table 1. Questions and Probes for StreetTalk Interviews.

Question Probe

What comes to mind for you when you think about climate change?

What concerns do you have about climate change?

How does climate change impact your daily life? (If at all)

Climate change has been shown to cause heat waves, flooding, forest  Haye you had to adjust or change your behavior accordingly? How so?

fires, tropical storms, and other natural disasters. In what ways have

you personally experienced the effects of climate change? What about during this summer specifically?

How has the air pollution from the Canadian wildfires affected you?

Our area is prone to heavy rain in part due to climate change. Has that Were you directly impacted by Hurricanes Ida or Sandy? If so, what
affected you in any way? was that experience like for you?

In your opinion, what steps should the government and local
authorities, and/or corporations take to address climate change and its
impacts in New York City?

What actions can you and other individuals take to reduce the effects of
climate change in our everyday lives?
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All interviews were conducted in English and lasted approximately 10-15 min. Partic-
ipants received a $10 gift card as compensation.

2.3. StreetTalk Data Analysis Control Trial

For this study, we conducted a blinded control trial on the thematic analysis of the
StreetTalk video transcripts where analysts were randomly assigned to one of the following
thematic analysis groups: human-only, human-then-Al, Al-then-human and Al-only. Co-
authors were provided with anonymized versions of the final set of themes that they did
not contribute to, along with a predetermined rubric for grading. Co-authors’ scores were
averaged to determine whether Al is a suitable option for developing themes in qualitative
analysis as compared to traditional methods.

In addition to understanding NYC residents’ perceptions of climate change, the re-
search aimed to test the utility of leveraging Al to develop themes. In contrast to previous
studies that required complex Python coding skills, we opted to use Open Al's TeamGPT
(the team version of ChatGPT) running the GPT-4 Turbo model because it offered a user-
friendly interface and the ability to rapidly process and analyze large amounts of text
data. TeamGPT also has advanced data privacy protection and enhanced control over data
handling. All data was non-sensitive and transcripts were de-identified prior to unloading
transcripts to the TeamGPT platform.

2.3.1. Testing Al- Versus Human-Generated Qualitative Analysis

To test the efficacy of Al in creating themes, we divided the research team into three
groups, each responsible for developing a set of themes, while the fourth version was solely
generated by TeamGPT. Each group was given a template to fill out that included theme
name, theme description, and sample quotes (Supplementary S1).

The first group was the fully human-generated themes (co-authors G.Y.M., M.L.D.,
S.A., and D.B.O.). This group followed the same thematic analysis process that we used
and described in greater detail in our prior paper [48]. Briefly, using an interpretivism
paradigm [49], this team conducted the qualitative thematic analysis through Braun and
Clarke’s six phases codebook approach to thematic analysis [50]. The six phases were (1)
familiarizing themselves with the data, (2) generating preliminary codes, (3) searching for
themes connecting preliminary codes, (4) reviewing potential themes, (5) defining and
naming themes, and (6) producing a report [50]. The group took four weeks to analyze the
data (weeks 14 of data analysis).

The second group conducted the human-then-Al-generated thematic analysis (co-
authors N.L.S., A K. K., D.H.). This group randomly selected 25% of the transcripts and
followed the same steps as the fully human-generated thematic analysis group for those
transcripts to create a preliminary set of themes. The group then entered all the StreetTalk
video recorded transcripts and the prompt, which included the preliminary set of themes,
presented in Supplementary S2 to TeamGPT. TeamGPT then generated a report with a
finalized set of themes that incorporated all the transcripts and the knowledge gained from
the preliminary set of human-generated themes. The group took one week to analyze the
data (week 1).

To produce the fully Al set of themes, the first author (N.L.S.) uploaded all StreetTalk
video transcripts along with the prompt in Supplementary S3. This step was completed
after the human-then-Al team developed their preliminary set of themes, but before the
preliminary set of themes were inputted into TeamGPT. This timing was strategic to ensure
that neither the fully Al or human-then-Al set of themes influenced each other on the
platform. TeamGPT then produced a final report that incorporated all the transcripts. This
took one day to complete (last day of week 1).
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The third group conducted the Al-then-human-generated thematic analysis (co-
authors E.L.S.,, P.A., D.D.L.S.). This group revised the fully Al-generated themes based
on the transcripts and video recordings of the StreetTalk interviews. The team followed
the following steps: (1) familiarizing themselves with the transcripts and video recordings
of the StreetTalk interviews and the TeamGPT-produced themes, (2) identify gaps in the
TeamGPT-produced themes, (3) revise TeamGPT-produced themes based on interview
transcripts, (4) double check and update the quotes provided by TeamGPT to ensure none
were made up, and (5) producing a report. The group took three weeks to analyze the data
(weeks 2—4 of data analysis).

2.3.2. Thematic Analysis Scoring

The research team could not find a high-quality tool to assess the quality and accuracy
of thematic codes. As such, the first and senior author of this study (N.L.S. and D.H.)
worked together to develop the rubric presented in Table 2 based on accepted standards in
qualitative research [50-53]. Before scoring, all reviewers were trained on the rubric and
completed a calibration exercise using a practice set of themes to align expectations and
ensure consistent application of the scoring criteria. During training, reviewers discussed
example ratings and reached consensus on how to interpret each rubric dimension, which
improved scoring reliability and minimized individual bias. The first author of this study
(N.L.S.) blinded each of the finalized thematic reports. Each report was labeled by a random
identifier, and reviewers were unaware of which analytic approach produced which set of
themes. The first author then sent each group the thematic reports generated by the other
groups with accompanying rubrics to evaluate the set of themes” quality and representation
of the data (Table 2). The human-then-Al theme group graded every thematic report,
as they never saw the final version of what TeamGPT generated and those themes were
substantially different than what was inputted. Once the first author received the scores
from the entire research team, the sets of thematic scores and ranks were averaged to
determine which thematic analysis strategy was superior.

Table 2. Rubric to assess the thematic analyses.

Criteria Description Scoring *
Theme Definition Clear and concise definition of each Theme. 0-10
Theme Saturation Adequate coverage of all relevant themes in the data. 0-10
Contextual Understanding Demonstrated understanding of the context when assigning themes. 0-5
Theme Integration Integration of themes into a cohesive analytical framework. 0-5
Theme Independence Absence of overlap or redundancy between themes. 0-5
Thematic Depth Depth of analysis within each theme. 0-5

Theme Relevance & Utility

Relevance of theme to research questions or objectives, and practical

usefulness for research purposes. 0-5

Total

/45

* Higher scores indicate higher quality, so that 45/45 is a perfect score and 0/45 is the worst possible score.

3. Results
3.1. Thematic Analysis Results by Group

From 10 to 28 April 2023, a total of 20 StreetTalk interviews were recorded, with
22 participants interviewed (two videos had two participants). Of the 22 participants, 7
were recorded in Washington Heights, 5 in Harlem, 5 in Greenwich Village/Washington
Square Park, and 5 in Central Park/Midtown. While information on age, race, ethnicity,
gender, and sexual identity was not collected, there appeared to be a diverse range within
the sample.
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Presented in Figure 1 are the resulting themes generated by each analytic workflow,
illustrating similarities and divergences across human, hybrid, and fully Al approaches.

Fully Human Human-then-Al Fully Al Al-then-Human
- e 4 e
Fully h ited th Hi lyzed 25% (B & 5
minacitobanon | | ano) an Arinsas | | METOHIMBSTS O] | erestyniers

finalized themes.

Health Effects Climate Change Impact Personal Responsibility Personal Responsibility
Awareness & Action

& Action

Normalcy of Extremes

Emotional Response

Community Action & Community Unity & Community Unity &
Engagement Support Support
Climate Change Policy & Government & Government and
Advocacy Corporate Responsibility Corporate Responsibility
Environmental
Conservation

Recognized Need for
Sustainability

Observed Environmental
Change

Concern for Future
Generations

Attitudes Towards
Government &
Corporations

Climate Change Impact

Climate-Related
Conspiracy Theories

Exposure to Climate
Change Low Literacy Around

= Local Climate Change

Displacement

Helplessness

Recoghnition of Danger
Competing Interest

Need for increased Around Climate Change

Education

Potential Solutions

Figure 1. Resulting themes across analytic workflows varying in human and Al (Artificial Intelligence)
involvement.

3.1.1. Fully Human-Generated Thematic Analysis

The fully human-generated thematic analysis group identified 11 themes on NYC residents’
perceptions and thoughts surrounding climate change. The 11 themes were (1) health effects,
(2) normalcy of the extremes, (3) emotional response, (4) recognized need for sustainability,
(5) observed environmental changes, (6) attitudes towards government and corporations, (7)
exposure to climate change, (8) displacement, (9) recognition of danger, (10) need for increased
education, and (11) potential solutions (Figure 1). The definitions of the themes as well as
exemplary quotes for each developed from this group are presented in Supplementary S4.

3.1.2. Human-Then-AlI-Generated Thematic Analysis

Figure 1 presents the four themes generated by the human-then-Al analysis. Included
in Supplementary S5 are the theme definitions and exemplary quotes. Briefly, the four
themes were (1) climate change impact awareness, (2) community action and engagement,
(3) climate change policy and advocacy, and (4) environmental conservation. TeamGPT
generated the majority of exemplary quotes presented, extrapolating from the sentiment
of participants’ interviews, rather than taking the quotes directly from the transcripts.
These quotes were not directly stated by participants; rather, TeamGPT broke protocol and
developed exemplary quotes that encapsulated participants’ perceptions or sentiments,
summarizing and streamlining the quotes to be more clearly connected to the theme.
This was not anticipated; however, the research team decided not to fix these quotes or
identify the issues before the grading process, as it should be part of how it is graded.
When grading, people would have to decipher on their own whether a quote was fake,
which is a necessary skill as Al expands. If this analysis were to be chosen as the best, we
would then fit exemplary quotes from participants. The exemplary quotes presented in
Supplementary S5 are the ones selected and generated by AL
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3.1.3. Fully Al-Generated Thematic Analysis

As depicted in Figure 1 and Supplementary S6, the fully Al-generated themes were
(1) personal responsibility and action, (2) community unity and support, and (3) government
and corporate responsibility. Just like in the human-then-Al-generated themes, the quotes
were not directly from participants, but were instead summarized and streamlined to be more
closely connected to the theme.

3.1.4. Al-Then-Human-Generated Thematic Analysis

As presented in Figure 1, the Al-then-human-generated thematic analysis identified
9 themes: (1) personal responsibility and action, (2) community unity and support, (3) gov-
ernment and corporate responsibility, (4) concern for future generations, (5) climate change
impact, (6) climate-related conspiracy theories, (7) low literacy around local climate change,
(8) helplessness, (9) competing interests around climate change. The definitions of the themes as
well as exemplary quotes for each thematic category developed from this group are presented in
Supplementary S7. Just like in the other Al-generated themes, the quotes were not directly from
participants but were instead summarized and streamlined to be more closely connected to the
theme. However, since this was the Al-then-human-generated thematic analysis, the researchers
identified and replaced any false quotes and also developed new themes to fill in gaps.

3.2. Thematic Analysis Grading

After the thematic analysis was complete, the first author (N.L.S.) blinded each set
of themes and sent each group the thematic reports generated by the other groups with
accompanying rubrics to evaluate the set of themes quality and representation of the data
(Table 2).

We present each of the coauthors’ final grades and the associated rank for the different
thematic analysis strategies and overall team averages in Table 3. Figure 2 presents a heat
map illustrating the average criterion-level scores assigned by all graders across seven
dimensions of thematic quality for each analytic workflow.

Table 3. Grades and ranks of each thematic analysis type.

Fully Human-Generated Human-Then-AI-Generated Fully AI-Generated

Al-Then-Human-

Generated
( Coc-;;::tlﬁf)rs) Grade (%) Rank Grade (%) Rank Grade (%) Rank Grade (%) Rank
AP 93.33 1 88.89 2 42.22 3 N/A N/A
DDLS 37.78 3 53.33 2 64.44 1 N/A N/A
ELS 88.89 1 68.89 2 57.78 3 N/A N/A
GYM N/A N/A 82.22 2 77.78 3 93.33 1
BDO N/A N/A 95.56 2 88.89 3 100 1
SA N/A N/A 64.44 2 57.78 3 86.00 1
MLD N/A N/A 80.00 2 75.56 3 95.56 1
AKK 95.56 2 86.67 3 73.33 4 100 1
DH 64.44 3 77.78 2 26.67 4 84.44 1
Average 76.00 2 77.53 211 62.72 3 93.22 1

Note: N/A indicates instances where graders were excluded from evaluating a text version that they themselves
developed, in order to prevent self-assessment bias.
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Average co-author ratings (0-10 or 0-5 scales) for seven dimensions of thematic quality under four analytic workflows

Theme Definition
(score 0-10)

Theme Saturation
(score 0-10)
Contextual Understanding
(score 0-5)

Theme Integration
(score 0-5)

Theme Independence
(score 0-5)

Thematic Depth
(score 0-5)

Theme Relevance &
Utility (score 0-5)

*Al=Artificial Intelligence

human generated = Human-then-Al* generated | Fully AI* generated | Al*-then-human generated

Color scale ranges from red = 0 (lowest possible score) to blue = maximum potential score (5 or 10, depending on the metric).
Theme Definition and Theme Saturation were rated on a 0-10 scale; all other criteria were rated on a 0-5 scale.

Figure 2. Heat map of average criterion-level scores across analytic workflows.

The average grades were 76.00% for fully human-generated themes, 77.53% for human-
then-Al-generated themes, 62.72% for fully Al-generated themes, and 93.22% for Al-then-
human-generated themes. The average ranks were 2 for fully human-generated themes,
2.11 for human-then-Al-generated themes, 3 for fully Al themes, and 1 for Al-then-human-
generated themes. As such, the fully Al-generated methodology for thematic analysis
was subpar compared to fully human-generated themes. That said, the use of Al proves
to be beneficial, as the human-then-Al-generated themes appeared to be comparable to
traditional qualitative analysis methods and can be conducted in a quarter of the time
of traditional methods. Further, the Al-then-human-generated themes were graded and
ranked higher in quality than the traditional or other methods. However, the researchers
on the Al-then-human data analysis team reported the burden to be similar to that of
traditional analysis.

One evaluator (DDLS) rated Al-generated outputs higher than the other eight eval-
uators across multiple criteria. While we cannot determine the underlying cause of this
discrepancy, it may reflect evaluator-level differences in discipline, expectations, or ap-
proaches to interpreting thematic depth. Because this divergence meaningfully influenced
the distribution of scores, we include DDLS’s criterion-level ratings in Supplementary S8,
which can be compared directly with the average patterns presented in Figure 2.

4. Discussion

In this paper, we examined NYC residents” perceptions and lived experiences of
climate change and tested the capability of Al to develop qualitative themes based on
the transcripts. To do so, we first collected NYC residents” perceptions and thoughts on
climate change utilizing the StreetTalk research method. Next, our research team split
into isolated groups to conduct qualitative data analysis, employing varying degrees of Al
integration. The sets of themes were blinded and then ranked by the research team using a
standardized rubric. The results of the study indicate that the Al-then-human-generated
themes were superior, while those fully generated solely by Al were deemed inferior. To
further contextualize these findings, we next discuss the themes generated through the
Al-then-human approach, followed by a discussion of the utility of Al in qualitative data
analysis and a summary of strengths, limitations, and future directions.
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4.1. NYC Residents’” Perception of Climate Change Thematic Findings

Here, we will elaborate on the following nine Al-then-human-generated themes,
contextualizing them within the existing literature: (1) personal responsibility and action,
(2) community unity and support, (3) government and corporate responsibility, (4) concern
for future generations, (5) climate change impact, (6) climate-related conspiracy theories, (7)
low literacy around local climate change, (8) helplessness, (9) competing interests around
climate change.

4.1.1. Personal Responsibility and Action

Personal responsibility and action underscore the accountability that individuals felt

to mitigate climate change. Participants emphasized the significance of personal actions,
ranging from simple gestures such as proper waste disposal to conscientious water usage
practices. Individuals understood how their personal actions impact the environment.
Prior research has demonstrated that those who are concerned with climate change are
more likely to act, such as supporting climate change legislation and changing personal
behaviors [54-56].

4.1.2. Community Unity and Support

However, participants also understood that they could not address climate change
alone, exemplified by community unity and support. The NYC residents sampled stressed

the importance of collective action and solidarity within their communities to effectively
tackle climate change. Participants believed that collective efforts, such as community
gardens and advocacy organizations, may be effective interventions to mitigate climate
change on a more local level. Historically, grassroots community activism has been pivotal
for promoting environmental health and societal change [57-59].

4.1.3. Government and Corporate Responsibility

While there was a general understanding of individuals” and communities’ roles in addressing
climate change, participants had varying opinions on government and corporate responsibility.
Some participants did not believe that the government or large corporations were responsible for

causing or mitigating the effects of climate change. This skepticism may stem from the documented
practice of companies and governments hiring public relations firms to shape public perception
and deflect responsibility for environmental issues, even when they are the leading contributors
or when government oversight has allowed detrimental practices to persist [60-62]. Numerous
studies have documented the use of public relations firms to employ sophisticated strategies to
dissociate companies and government from culpability while presenting themselves as proactive in
crisis management [60-62]. As such, companies and governments avoid blame and put the onus
of climate change on individual action, even though research has consistently demonstrated their
significant contribution to environmental degradation and climate disruption [55,62]. However,
others recognized the substantial role corporations and governments have played in exacerbating
climate change and their responsibilities to mitigate this looming threat. These individuals empha-
sized the crucial need to hold companies and governments accountable for their environmental
impacts and many expressed skepticisms about the efficacy of their current mitigation initiatives.

4.1.4. Concern for Future Generations

Irrespective of to whom NYC residents attributed responsibility for causing and
mitigating climate change, there was steadfast and uniform concern for future generations.

This was specifically relevant to parents, especially mothers, who were concerned for their
children’s and grandchildren’s futures. Becoming a parent often catalyzes a profound
shift in perspective regarding the urgency of the climate crisis [63]. Parenthood prompts
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a reevaluation of the world’s threats, leading to a heightened sense of immediacy in
addressing the climate crisis [64,65]. The concern for future generations underscores NYC
residents” understanding that climate change is worsening, and future generations will
suffer if it is not more aggressively mitigated.

4.1.5. Climate Change Impacts

While there was a concern for future generations, many NYC residents claimed to
have already witnessed the tangible climate change impacts affecting their daily lives.

Participants connected climate change to shifting weather patterns, recounting experiences
such as flash floods leading to the loss of vehicles; higher electric bills to accommodate
greater cooling needs during hotter summers; and alterations in gardening or urban
agricultural practices. Understanding the concrete ramifications of climate change for daily
life has been pinpointed as an important motivator for individual action [66,67].

4.1.6. Climate-Related Conspiracy Theories and Low Literacy Around Local Climate
Change

Although there was an overall understanding of climate change impacts, some participants
shared climate-related conspiracy theories and exhibited low literacy around local climate change

issues. Some participants endorsed climate-related conspiracy theories, attributing climate events
to governmental or extraterrestrial interference. These dangerous theories fuel misinformation
and often deter people from environmentally friendly initiatives, posing challenges to combating
climate change [68]. These perspectives highlight a distrust in official narratives and a tendency
to seek alternative explanations for climate phenomena, indicating a gap in scientific and climate
related literacy. Concurrently, participants struggled to connect broader climate change issues
with local community concerns, exemplified by references to individuals littering in a park as the
primary manifestation of climate change or not understanding how increases in extreme weather
relates to climate change. These two themes underscore the importance of high-quality climate
change education to combat misinformation and low climate literacy [69,70].

4.1.7. Hopelessness

Participants expressed a profound sense of helplessness regarding the ability of indi-
viduals or governments to effectively address the climate crisis. Many believed that climate
change was irreversible, and some feared that it will lead to an inevitable mass extinction.
Climate change helplessness can also be concerning, as studies have suggested that it can
lead to inaction and a reluctance to adopt environmentally friendly changes [71,72].

4.1.8. Competing Interests Surrounding Climate Change

Participants also shared concerns around competing interests surrounding climate change.

Particularly, they highlighted tensions between business interests, current lifestyles, and the
sacrifices needed to mitigate climate change. NYC residents recognized the complexity of finding
pragmatic solutions, acknowledging, for instance, the challenge of transitioning away from
fossil fuels while considering economic implications and societal readiness. These perspectives
illustrate the multifaceted nature of the climate change discourse, emphasizing the necessity of
navigating competing interests to achieve meaningful progress towards sustainability.

4.2. The Utility of Al in Qualitative Data Analysis

While the integration of Al presents significant opportunities for streamlining quali-
tative research, our results underscore the necessity of human-assistance and oversite in
using Al in qualitative analysis to ensure accuracy and reliability. This is evident in our
control trial’s results, where the fully Al-generated themes were scored the lowest and the
Al-then-human-generated themes were scored the highest. Fully human and human-then-
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Al themes were scored similarly, with averages falling approximately 15% below those of
Al-then-human themes and 15% above fully Al-generated themes. When examined across
the specific evaluation criteria, both the fully Al-generated and human-then-Al-generated
approaches tended to perform the poorest on adequate coverage of all relevant themes
in the data, demonstrated understanding of the context when assigning themes, depth of
analysis within each theme, and relevance of themes to research questions or objectives.
These shortcomings highlight areas where interpretive nuance and contextual awareness
remain difficult for Al to replicate.

As such, our study underscores the critical need for sustained human involvement
to ensure the accuracy and reliability of Al-generated insights, while also highlighting
the enhanced robustness Al has to offer in thematic analysis. Qualitative data often
contains nuances, ambiguities, and cultural contexts that may challenge Al algorithms’
comprehension and interpretation [73]. Human analysts bring contextual understanding
and cultural sensitivity to the analytic process, allowing for nuanced judgments that are not
suitable for Al [74,75]. Further, human involvement provides an additional layer of quality
assurance to the analytic process. Humans can critically evaluate the validity and reliability
of Al-generated insights, identify errors or inaccuracies, and ensure that the analysis aligns
with the research objectives and theoretical framework [75,76]. Qualitative data analysis
that leverages both Al and human expertise through a co-creation of themes allows for
more robust and higher quality results. Despite the more robust findings, the group that
conducted the Al-then-human thematic analysis shared that it was an iterative process and
the time burden appeared to be comparable to fully human thematic analysis. As such,
this study suggests that when used appropriately with proper human supervision, AI may
serve as a valuable tool for co-producing thematic analysis to enhance quality and rigor
without necessarily reducing time.

The team encountered some difficulties in utilizing TeamGPT for qualitative analysis.
These included TeamGPT’s text limit, as well as the fabrication of quotes. The generation of
fabricated quotes is particularly concerning, as it could have drastically altered the study’s
findings if not identified and corrected. This highlights the critical need for thorough
human oversight and validation when using Al tools in qualitative analysis, as failing to
detect such errors would result in inaccurate or misleading conclusions. We hope that
this article encourages computer scientists and software engineers to develop Al systems
as user-friendly as TeamGPT, but with special specifications for qualitative analysis. For
instance, existing qualitative data analysis software, such as NVivo and ATLAS.ti, may
consider integrating Al or platforms, such as TeamGPT, can develop features to upload
and store transcripts and specification of theoretical approach to qualitative analysis.

4.3. Strengths, Limitations, and Next Steps

This study has several strengths, both in the utilization of the new StreetTalk method-
ology to explore new dimensions of the public’s perception of climate change and in the
creative control trial designed to examine the efficacy of Al data analysis for qualitative
research. The StreetTalk methodology allows for rapid data collection and dissemination
of findings, facilitating timely insights into NYC residents’ experiences, knowledge, and
perceptions of climate change. Additionally, it enables the distribution of information that
is easily accessible to the public, bridging the gap between academia and the wider com-
munity [48]. Further, the use of Al for thematic analysis presents innovative opportunities
to streamline data processing and enhance efficiency in identifying key themes.

However, there are also limitations to consider with this study. The reliance on the
StreetTalk methodology may introduce selection bias, favoring respondents comfortable
with appearing on social media and excluding homebound or privacy-conscious individu-
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als. Despite efforts to mitigate this bias, such as using techniques to protect participants’
identities, the results may not fully represent the diversity of NYC residents. Demographic
data (e.g., age, sex, and education level) were not collected to preserve participant comfort
during spontaneous public interviews. While this approach supported open participation,
it limits the ability to interpret findings across demographic subgroups Moreover, since the
study was conducted in the context of NYC and based on the perspectives of 22 participants,
the findings should not be generalized beyond this sample.

The StreetTalk interviews are intentionally focused and brief, potentially limiting the
depth of responses compared to traditional qualitative research methods. Consequently,
the insights obtained may not fully capture the nuances of participants’ experiences and
perspectives. Future research should evaluate Al-assisted thematic analysis across longer
or more complex qualitative inputs, such as focus groups or in-depth interviews. Doing so
will help clarify how Al models—which often improve with increased input but can also
become less precise, redundant, or prone to fabrication depending on data volume and
structure—perform across different qualitative contexts.

Future examination of the StreetTalk street-intercept and social media-based method-
ology is warranted to better understand how public settings shape participation and
disclosure. Although participants were compensated, provided with clear explanations of
the study purpose, and signed IRB-approved consent and media release forms, the public
and visible nature of the StreetTalk methodology may influence how comfortable individ-
uals feel sharing sensitive opinions or experiences. At the same time, this format reflects
how many people now express perspectives in social and digital spaces and may reduce
the hierarchical dynamics of traditional research interviews by fostering more informal,
peer-like exchanges. Continued refinement of this approach could help bridge participatory
research and science communication, offering a model for engaging diverse publics in
environmental discourse.

5. Conclusions

We employed the StreetTalk methodology to rapidly capture and disseminate public
perceptions of climate change among NYC residents, alongside an innovative exploration
of Al's role in qualitative data analysis. We conducted a four-armed control trial to evaluate
Al's capabilities for qualitative theme development of New York City residents’ perceptions
and lived experiences with climate change. This trial involved varied degrees of Al
integration in qualitative data analysis. The resulting themes were graded and ranked
by the research team, ultimately identifying the Al-then-human-generated themes as the
most effective method. In this hybrid approach, Al produced initial thematic categories
that were then refined, corrected, and contextualized by human researchers, a process that
improved coherence but did not reduce analytical workload. These findings represent
an initial step toward establishing best practices for integrating Al into qualitative data
analysis, emphasizing that its effectiveness depends on active human supervision, critical
interpretation, and iterative refinement rather than full automation.

The resulting themes encompassed personal responsibility and action, community
unity and support, government and corporate responsibility, concern for future generations,
climate change impact, climate-related conspiracy theories, low literacy around local
climate change, helplessness, and competing interests around climate change. Taken
together, the themes identified in this study have direct implications for local action and
intervention design. The recurring difficulty participants had in connecting climate change
to NYC-specific problems (e.g., flash floods that damaged vehicles, higher cooling costs,
degraded air quality) suggests that policymakers and community organizations could
prioritize hyperlocal climate education that explains “what climate change looks like in



Sustainability 2025, 17, 10459 15 of 18

this neighborhood.” Similarly, the strong concern for future generations indicates that
parent- and school-focused engagement efforts may be particularly effective avenues for
climate communication and interventions that emphasize intergenerational responsibility
and action. Finally, the theme of community unity and support highlights the potential
of community gardens, mutual-aid-style preparedness efforts, and block-level initiatives
as culturally resonant entry points for climate mitigation and adaptation. Together, these
findings point toward a multi-level strategy for climate engagement and resilience—one
that empowers local collaboration while requiring coordinated action and accountability
from governmental and corporate institutions—to create more just, sustainable, and climate-
literate urban communities.
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