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Abstract

Background: Qualitative methods are incredibly beneficial to the dissemination and implementation of new digital health
interventions; however, these methods can be time intensive and slow down dissemination when timely knowledge from the data
sources is needed in ever-changing health systems. Recent advancements in generative artificial intelligence (GenAI) and their
underlying large language models (LLMs) may provide a promising opportunity to expedite the qualitative analysis of textual
data, but their efficacy and reliability remain unknown.

Objective: The primary objectives of our study were to evaluate the consistency in themes, reliability of coding, and time needed
for inductive and deductive thematic analyses between GenAI (ie, ChatGPT and Bard) and human coders.

Methods: The qualitative data for this study consisted of 40 brief SMS text message reminder prompts used in a digital health
intervention for promoting antiretroviral medication adherence among people with HIV who use methamphetamine. Inductive
and deductive thematic analyses of these SMS text messages were conducted by 2 independent teams of human coders. An
independent human analyst conducted analyses following both approaches using ChatGPT and Bard. The consistency in themes
(or the extent to which the themes were the same) and reliability (or agreement in coding of themes) between methods were
compared.

Results: The themes generated by GenAI (both ChatGPT and Bard) were consistent with 71% (5/7) of the themes identified
by human analysts following inductive thematic analysis. The consistency in themes was lower between humans and GenAI
following a deductive thematic analysis procedure (ChatGPT: 6/12, 50%; Bard: 7/12, 58%). The percentage agreement (or
intercoder reliability) for these congruent themes between human coders and GenAI ranged from fair to moderate (ChatGPT,
inductive: 31/66, 47%; ChatGPT, deductive: 22/59, 37%; Bard, inductive: 20/54, 37%; Bard, deductive: 21/58, 36%). In general,
ChatGPT and Bard performed similarly to each other across both types of qualitative analyses in terms of consistency of themes
(inductive: 6/6, 100%; deductive: 5/6, 83%) and reliability of coding (inductive: 23/62, 37%; deductive: 22/47, 47%). On average,
GenAI required significantly less overall time than human coders when conducting qualitative analysis (20, SD 3.5 min vs 567,
SD 106.5 min).

Conclusions: The promising consistency in the themes generated by human coders and GenAI suggests that these technologies
hold promise in reducing the resource intensiveness of qualitative thematic analysis; however, the relatively lower reliability in
coding between them suggests that hybrid approaches are necessary. Human coders appeared to be better than GenAI at identifying
nuanced and interpretative themes. Future studies should consider how these powerful technologies can be best used in collaboration
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with human coders to improve the efficiency of qualitative research in hybrid approaches while also mitigating potential ethical
risks that they may pose.

(JMIR AI 2024;3:e54482) doi: 10.2196/54482
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Introduction

Background
Qualitative methods are pivotal for the development and
implementation of digital health interventions. In
implementation science, qualitative methods are often used to
inform, refine, and improve digital health interventions [1].
Thematic analysis can be applied to qualitative data generated
from various methods or sources (eg, key informant interviews
and focus groups). This flexible and broad method involves
identifying, extracting, and interpreting common themes (ie,
codes) within the data that are not subscribed to a particular
theory [2,3]. These themes may be identified via inductive
(“bottom-up”) or deductive (“top-down”) methods [2]. In the
former, themes are data driven, reflecting a rich description of
the overall data. In contrast, the latter is driven by existing
literature and previously published health behavior models,
resulting in a detailed analysis of specific data that fit within a
priori coding frames.

Compared to quantitative methods, qualitative methods are
often more resource and cost intensive, conflicting with the
need for timely feedback in rapidly changing real-world settings
(eg, changes in health care policies and patient needs). Such
delays in research on evidence-based practices unfortunately
minimize their relevance and applicability [4]. An emerging
alternative to traditional qualitative methods includes rapid
qualitative analyses, which most commonly aim to reduce the
time invested in data collection, management, analysis, and
interpretation [5,6]. Studies comparing rapid qualitative analyses
to traditional methods have shown a good overlap between
themes [1,5,7], with additional benefits such as greater data
collection and decreased costs [6]. Nonetheless, ongoing
challenges to rapid analyses include reduced scientific rigor (ie,
trustworthiness) [6,8] and an intensified workload due to a
truncated timeline [1,5].

ChatGPT (Open AI) and Google Bard (subsequently rebranded
as Gemini) are 2 popular generative artificial intelligence
(GenAI)–based systems that provide an interface for humans
to collaborate with powerful large language models (LLMs):
OpenAI’s GPT-3.5 neural engine [9] and Google’s PaLM 2
[10]; these models are trained to predict and generate humanlike
textual responses by leveraging deep learning techniques on
massive amounts of pre-existing textual data [11,12]. Recently,
LLMs have outperformed previously developed artificial
intelligence (AI) systems across different tasks spanning a wide
range of disciplines [13]. There is a growing interest in exploring
clinical uses for GenAI including new drug design [14] and
brain tumor imaging [15]. In the digital health setting, GenAI
apps offer individualized information to users on diverse health
topics including chronic and infectious diseases or healthy

lifestyle choices [16]. In research, GenAI functions can range
from summarizing literature and analyzing data (including
coding) to identifying research gaps and drafting papers [17].
Despite these powerful uses, questions remain about the
reliability of GenAI as a research tool, given the possibility that
GenAI generates incorrect text (eg, “hallucinations”) and distorts
scientific facts [17].

In the realm of qualitative research, the interpretation of
observed events introduces significant subjectivity.
Triangulation [8,18] is a strategy to improve the validity or
efficacy of qualitative analysis by integrating information from
different sources (eg, human- vs computer-derived codebooks),
thereby leveraging the advantages of multiple data analysis
methods. For example, Firmin et al [19] found that
human-generated thematic codes and software-driven categories
were highly correlated for concrete constructs but highlighted
unique subjective or abstract constructs. Qualitative analysis
by human coders targets meanings and interpretations, whereas
LLMs target structural and logical elements of language [11].
To date, there have only been 2 known studies that have recently
demonstrated and evaluated the efficacy of applying GenAI for
qualitative research compared to human analysts. de Paoli [11]
explored whether the LLM underlying ChatGPT could be used
to conduct inductive thematic analysis. The results suggested
that at least some of the themes previously identified by human
analysts in the contexts of education and psychology were able
to be reproduced by GenAI and warranted further exploration
and methodological considerations [11]. Alternatively, Hamilton
et al [20] leveraged ChatGPT to conduct a phenomenological
qualitative analysis of significant statements from the interview
transcripts nested within a guaranteed income program
evaluation and compared its identified themes to those generated
by human analysts. They similarly found promising similarities
in identified themes as well as discrepancies such as limited
contextual understanding from ChatGPT.

Although substantial debate remains as to how to best evaluate
the methodological rigor or trustworthiness of qualitative
research, the accuracy in which findings reflect the data (ie,
efficacy) and the reliability within analytic procedures are
prominent considerations [21]. The extent to which GenAI can
produce rigorous and trustworthy qualitative research while
reducing the time and resource burden of current qualitative
methods remains open to exploration, particularly within the
context of health-related research.

Objectives
The primary objectives of our study were to assess the
consistency and reliability of thematic analysis conducted by
ChatGPT, Bard, and human coders following both inductive
and deductive approaches. In this paper, we have described and
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compared the methods that we used among humans and GenAI
to contribute to the growing body of literature on the
wide-ranging applications of GenAI for qualitative analysis in
digital health research. Specifically, we aimed to compare both
the consistency in identifying broad themes essential to
qualitative research and the reliability in coding between
methods (ie, humans, ChatGPT, and Bard). Furthermore, we
additionally examined the difference in human resources
required (ie, time spent on the analysis) between the methods
for both approaches.

Methods

Qualitative Data
The qualitative data for this study consisted of 40 short (<160
characters; 5-14 words in length) SMS text message prompts
used in a previous study evaluating an SMS text messaging
intervention (individualized texting for adherence building;
iTAB) to promote antiretroviral medication adherence among
people with HIV who use methamphetamine [22]. The iTAB
messages draw from various health behavior models including
the health belief model [23], theory of planned behavior [24],
social cognitive theory [25], and attitude–social
influence–efficacy model [26]. During the development of
iTAB, sample messages were tested among people with HIV
who provided feedback; participant feedback was subsequently
used to adapt the SMS text messages. These SMS text messages
served as the foundation for the final, streamlined version [27].
For this study, the 40 short SMS text messages were the
qualitative data being analyzed. We used SMS text message
prompts as opposed to participant-generated qualitative
responses in our analyses, as GenAI services record all data
entered to further train LLMs.

Ethical Considerations
Presently, the use of participant-generated SMS text messages
would violate the protection of confidentiality agreements as

the consent forms approved by our institutional review board
did not specify that participant-generated qualitative data would
be uploaded to third-party vendors. We believe that using the
40 short SMS text message prompts provides a proxy for
qualitative data to model how GenAI and LLMs compare in
detecting shared themes among the SMS text messages
compared to human-conducted thematic analysis. This was an
institutional review board–exempt study as there were no data
from human participants involved.

GenAI Services

Overview
We used 2 commercially available GenAI services:
ChatGPT-3.5 (OpenAI) and Bard (Google). ChatGPT-3.5
leverages OpenAI’s proprietary LLM (GPT-3.5), which was
trained using reinforcement learning from human feedback [28],
a method that provides rewards to reinforce learning. Bard is
powered by Google’s proprietary LLM (PaLM 2) [10], a
transformer-based model that enables it to conduct advanced
reasoning tasks including classification and language generation.
Both LLMs are currently free and open to the public.

GenAI: Inductive Thematic Analysis Procedures
ChatGPT and Bard were given identical prompts to conduct
inductive thematic analysis. Before providing the SMS text
message prompts, both GenAI services were prompted with
contextual information on the study and a description of the
procedures, which the independent human analyst asked GenAI
to perform (Figure 1). Following this contextual information
and instructions, the SMS text messages were copied into the
GenAI interface all at once (ie, as a list of 40 messages), and
the model exported the requested 3-column codebook table. We
then provided additional instructions to have the GenAI label
the SMS text messages based on shared themes (Figure 1).
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Figure 1. Generative artificial intelligence thematic analysis instruction prompts.

GenAI: Deductive Thematic Analysis Procedures
ChatGPT and Bard were given identical prompts to conduct
deductive thematic analysis. Both GenAI services were
prompted with the same background contextual information
and instructions as the inductive thematic analysis prompts. All
SMS text messages for analyses were similarly copied all at
once into the GenAI. However, the deductive approach
additionally requested that SMS text messages be categorized
using constructs from relevant theories of behavior change (such
as medication adherence) including the health belief model [23],
theory of planned behavior [24], social cognitive theory [25],
and attitude–social influence–efficacy model) [26] (Figure 1).

Training of Human Coders and Analyst
In terms of training, all the 4 human coders responsible for the
qualitative analysis had been previously trained by the senior
author on the proper conduct of qualitative analysis on prior
studies, as well as had attended formal external webinars on
qualitative coding and analysis. Each thematic analysis was
conducted by 2 research team members consisting of a clinical
psychology doctoral student and a research assistant with a
bachelor’s degree. These research team members were not
involved in the development or evaluation of the SMS text
messaging intervention. The separate inductive and deductive
human teams were thus intentionally balanced in their

experience and expertise with qualitative analysis and were
instructed not to discuss or collaborate on their analyses to
maintain the independence of each analytic approach.

Similar to human coders, the human analyst responsible for
developing the GenAI prompts used in this study had previous
training and experience with qualitative analysis. The human
analyst also had several years of experience working in
technology development, applying emerging technologies to
digital health, and incorporating general guidelines on prompt
engineering in the context of health care [29]. Specifically, the
analyst incorporated guidelines such as being specific, providing
the setting and context, identifying the overall goal first, and
requesting examples to inform their prompts.

Procedures for Human Inductive Thematic Analysis
For inductive thematic analysis, both members were given
contextual background on the SMS text messaging study and
were instructed to independently develop their own codebook.
Once each member developed an initial codebook, they were
instructed to come to a consensus on a final codebook.
Following agreement on a final codebook, each team member
applied the codebook to group the SMS text messages and began
to search for themes. Finally, both team members compared
their application of the final codebook, resolved disagreements
in coding, and ultimately came to a consensus on the broader
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themes derived by summarizing and collapsing codes. This
process was consistent with the basic steps of a thematic analysis
[2].

Procedures for Human Deductive Thematic Analysis
For deductive thematic analysis, both research members were
given the same contextual study information as the inductive
thematic analysis team. The deductive analysis team was then
given a list of a priori codes based on the theories of behavior
change including health belief model [23], theory of planned
behavior [24], social cognitive theory [25], and attitude–social
influence–efficacy model [26]. Next, the deductive analysis
team was instructed to independently develop a codebook
considering the key constructs of the theories of behavior change
and was suggested a priori codes. Once both team members
independently developed a codebook, they were instructed to
compare codebooks and reached a consensus on a final
codebook. Following agreement on a final codebook, each team
member applied the codebook to group the text messages and
began searching for themes. Both team members then compared
their application of the final codebook, resolved any
discrepancies in coding, and came to a consensus on broader
themes by collapsing and summarizing their codes. This process
was consistent with the basic steps of a thematic analysis [2].

Consistency and Intercoder Reliability
Consistency was defined as the extent to which the thematic
findings were the same across the 2 analytic methods, as has
previously been used when comparing qualitative methods [1].
We operationalized this as the percentage of themes that was
shared between methods (eg, 100% consistency would suggest
that the themes between the methods were identical). For
example, if method A (reference method) were to identify 10
total themes and method B identified 5 of those themes, then
the theme consistency would be 50% (5/10).

Intercoder reliability (ICR) was operationalized as the number
of agreements in coding divided by the sum of agreements and
disagreements in coding [30]; thus, a higher score equates to a
greater agreement between coders. After reaching a final
consensus on the codebook, an ICR was calculated. Human
coders then met to discuss disagreements in the coding of the
data. To compare the reliability of coding between humans and
GenAI for themes that were shared by both methods, ICRs were
calculated to determine the reliability between (1) human coders
and Bard, (2) human coders and ChatGPT, and (3) ChatGPT
and Bard. ICRs were averaged across all common themes to
compute an overall ICR percentage. To qualitatively describe
the extent of agreement between human and GenAI teams, the
following cutoffs were used to interpret the ICRs: slight
(0%-20%), fair (21%-40%), moderate (41%-60%), substantial
(61%-80%), and almost perfect (81%-100%) [31]. The
consistency and ICR between methods were descriptively
reported and compared.

Total Time Spent on the Analyses
After all thematic analyses had been completed, each human
coder was asked to retrospectively estimate the amount of total
time spent on their qualitative analyses. For the human coders,
this total time included the sum of the time spent by each

individual coder on their initial coding, codebook development,
application of codebook, and meetings to reach a consensus on
disagreements in coding and themes. The total time spent on
thematic analyses using GenAI was the sum of the time taken
to input the prompts, waiting for responses to generate, and
compiling those responses in a spreadsheet table. The differences
in the total time spent on analysis between methods were also
descriptively reported and compared.

Results

Consistency of Inductive Thematic Analyses
In the inductive arm of our study, 7 themes were identified by
the human coders following an inductive thematic analysis of
the iTAB SMS text messages. These themes included “time,”
“adherence,” “religious,” “community care,” “health reminder,”
“warning,” and “encouragement.” Of these 7 themes identified
by human coders, 5 (71%) were also consistent with the themes
derived by both ChatGPT and Bard. Multimedia Appendix 1
presents a complete mapping of the inductive thematic analysis
codebooks (including theme, description, and example text
messages) generated by human coders, ChatGPT, and Bard.

ChatGPT’s inductive thematic analysis of the same SMS text
messages identified 10 themes, which included
“spirituality/higher power,” “supportive community,” “love and
support from others,” “health benefits,” “reminder,” “resistance
and risk to others,” “consequences of nonadherence,” “positive
reinforcement,” “fun and enjoyment,” and “accountability.” Of
these 10 themes, almost all (n=9, 90%) were consistent with
the themes identified by our human coders. Bard’s inductive
thematic analysis identified 6 themes from the SMS text
messages, which included “religious/spiritual beliefs,” “social
support,” “importance of taking medication,” “consequences
of not taking medication,” “enjoyment,” and “personal
responsibility.” Of these 6 themes, the majority (n=5, 83%)
were consistent with the themes identified by human coders,
and there was perfect consistency (6/6, 100%) between the
themes identified by ChatGPT and Bard.

The 1 theme that ChatGPT identified that human coders did not
was “accountability,” which was defined as “Messages
emphasizing personal responsibility for adherence.” Bard
similarly identified this theme as “personal responsibility,”
which was defined as “The messages emphasize that it is
important for people to take care of themselves and take their
medication on their own. They also suggest that people should
be proud of themselves for being adherent to their medication
regimen.” The example SMS text messages provided by
ChatGPT and Bard that are representative of the “accountability”
and “personal responsibility” theme were as follows:

Stop screwing around and take ur [medication] now.
[ChatGPT]

It's impt to take care of urself. Pls take ur
[medication] [Bard]

ChatGPT and Bard did not reproduce 2 (29%) of the 7 human
coders’ themes, “time” and “adherence,” which were defined
rather literally as including the words “time” or “adherence” in
the message. There were 4 instances where 2 themes derived
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by ChatGPT ultimately mapped onto a single broader theme
identified by the human coders’ thematic analysis. For example,
the human coders identified “community care,” which they
defined as “message focused on the importance of the individual
in relation to others, both being cared for by others and being
accountable to others.” By examining both themes and their
descriptions, we observed that there were 2 themes identified
by ChatGPT that mapped onto “community care” as defined
by our human coders:

1. Supportive community: messages highlighting the care and
support from others

2. Love and support from others: messages emphasizing the
impact on loved ones

Reliability of Inductive Thematic Coding
The overall ICR of all inductive themes shared by human coding
and ChatGPT was moderate (31/66, 47%). The overall ICR was
lower between human coders and Bard at 37% (20/54), which
is indicative of fair agreement. There was similarly fair
agreement in coding between ChatGPT and Bard at 37%
(23/62). There was notable variation in the ICR between coding
arms when examined by theme, which ranged from 8% (2/26;
slight agreement for “encouragement” between ChatGPT and
Bard) to 80% (4/5; substantial agreement for “religious” between
human coders and ChatGPT, human coders and Bard, and
ChatGPT and Bard). Table 1 lists ICR between human coders,
ChatGPT, and Bard for inductive thematic coding, both overall
and by theme.

Table 1. Inductive thematic analysis intercoder reliability (ICR) between human coders, ChatGPT, and Bard by theme and overall.

Bard and ChatGPTHuman coders and ChatGPTHuman coders and BardThemes

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

24/26 (92)2/26 (8)17/29 (59)12/29 (41)15/17 (88)2/17 (12)Encouragement

6/15 (40)9/15 (60)11/18 (61)7/18 (39)11/17 (65)6/17 (35)Health reminder

2/5 (40)3/5 (60)1/5 (20)4/5 (80)1/5 (20)4/5 (80)Religious

1/5 (20)4/5 (80)2/6 (33)4/6 (67)1/6 (17)5/6 (83)Community or cared
by others

2/6 (33)4/6 (67)4/8 (50)4/8 (50)6/9 (67)3/9 (33)Warning

4/5 (80)1/5 (20)————aPersonal responsibili-
ty (Bard and ChatGPT
only)

39/62 (63)23/62 (37)35/66 (53)31/66 (47)34/54 (63)20/54 (37)Overall (across all
themes)

aNot applicable.

Consistency of Deductive Thematic Analysis
A total of 12 themes were identified by the human coders
following a deductive thematic analysis of the same text
messages, which included “positive tone,” “stern/serious tone,”
“sense of urgency/priority,” “balancing health with ‘fun’,”
“self-care,” “expectations and attitudes,” “perceived negative
outcomes” “perceived benefits,” “norms,” “social influence,”
“self-efficacy,” and “spirituality/religion as motivation.” Of
these 12 themes identified by human coders, 6 (50%) were also
consistent with the themes derived by ChatGPT, and 7 (58%)
were consistent with those found by Bard. Multimedia Appendix
2 lists the complete mapping of the deductive thematic analysis
codebooks (including theme, description, and example SMS
text messages) generated by human coders, ChatGPT, and Bard.

ChatGPT’s deductive thematic analysis identified a total of 9
themes, which included “consequences,” “health benefits,”
“motivation,” “social influence,” “care and support,”
“self-efficacy,” “religious beliefs,” “responsibility,” and
“reminders.” Of these 9 themes, the majority (7/9, 78%) were
consistent with the themes identified by our human coders.
Bard’s inductive thematic analysis identified 6 themes from the
SMS text messages, which included “importance of adherence,”
“negative consequences of nonadherence,” “benefits of

adherence,” “social support,” “self-efficacy,” and
“religious/spiritual.” Of these 6 themes identified by Bard, there
was perfect consistency (6/6, 100%) with the themes identified
by human coders, and there was strong consistency (5/6, 83%)
with the themes identified by ChatGPT.

ChatGPT and Bard did not reproduce 6 (50%) and 5 (42%),
respectively, of the human coder’s 12 deductive themes. Neither
ChatGPT nor Bard identified the human coder’s themes of
“positive tone,” “stern/serious tone,” “balancing health with
‘fun’,” “self-care,” or “expectations and attitudes.” In addition,
ChatGPT did not identify the human coder’s theme of “sense
of urgency/priority,” which was defined as “includes messages
instructing a person to place their health, or desired health
behaviors, over other competing priorities.” On the basis of this
description, the Bard theme of “importance of adherence” was
mapped onto this theme, and both shared the example message
of “Stop everything and take ur meds!”

There were 2 themes identified uniquely by ChatGPT (ie, neither
Bard nor human coders identified these themes), which were
“responsibility” and “reminders” and were defined as follows:

• Responsibility: encouraging a sense of responsibility for
one’s health and well-being through adherence.
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• Example text: It’s impt to take care of urself. Pls take
ur [medication]

• Reminders: providing reminders or cues to prompt
medication adherence.
• Example text: Ready, set, get healthy! It’s med time.

Time for ur [medication]

There was 1 case where Bard identified a single theme (“social
support”) that human coders and ChatGPT had separated into
2 separate themes (“norms” or “social influence” and “social
influence” or “care and support,” respectively). Furthermore,
there was an instance where 2 themes derived by ChatGPT
ultimately mapped onto a broader theme identified by the
thematic analysis performed by the human coders and Bard.
For example, the human coders identified “perceived benefits,”
which they defined as “perception of the effectiveness of an
action to reduce the threat of illness or disease, including factors
related to ease of use.” By examining both themes and their
descriptions, there were 2 ChatGPT themes that mapped onto
this theme of “perceived benefits”:

1. Health benefits: highlighting the positive impact of
medication adherence on health and well-being

2. Motivation: encouraging individuals to take their medication
by emphasizing the benefits of doing so

Reliability of Deductive Thematic Coding
The overall ICR of deductive themes shared between human
coders and ChatGPT was fair at 37% (22/59), which was similar
to Bard at 36% (21/58). There was moderate agreement in
coding between the codebooks generated by ChatGPT and Bard,
as reflected by an overall ICR of 47% (22/47). We also
examined code-specific ICR in addition to the overall ICR,
which varied substantially across themes. For example, there
was perfect (4/4, 100%) agreement in coding between human
coders and ChatGPT, human coders and Bard, and ChatGPT
and Bard within the theme of “perceived negative outcomes,”
but only slight to fair agreement for the theme of “perceived
benefits” (6/29, 21%; 5/13, 38%; and 9/28, 32%, respectively).
Table 2 presents the ICR between human coders, ChatGPT, and
Bard deductive thematic coding, both overall and by theme.

Table 2. Deductive thematic analysis intercoder reliability (ICR) between human coders, ChatGPT, and Bard by theme and overall.

Bard and ChatGPTHuman coders and ChatGPTHuman coders and BardThemes

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

Disagreement, n/N
(%)

Agreement, n/N
(%; ICR)

19/28 (68)9/28 (32)23/29 (79)6/29 (21)8/13 (62)5/13 (38)Perceived bene-
fits

0/4 (0)4/4 (100)0/4 (0)4/4 (100)0/4 (0)4/4 (100)Perceived nega-
tive outcomes

1/5 (20)4/5 (80)9/14 (64)5/14 (36)10/14 (71)4/14 (29)Social Support
(Norms and So-
cial influence)

4/5 (80)1/5 (20)5/7 (71)2/7 (29)3/5 (60)2/5 (40)Self-efficacy

1/5 (20)4/5 (80)0/5 (0)5/5 (100)1/5 (20)4/5 (80)Spirituality or re-
ligion as motiva-
tion

————a15/17 (88)2/17 (12)Sense of urgency
or priority (Bard
only)

25/47 (53)22/47 (47)37/59 (63)22/59 (37)37 (64)21/58 (36)Overall (across
all themes)

aNot applicable.

Total Time Spent on Qualitative Analyses
The human coding teams reported 492 (inductive) and 705
(deductive) total minutes to complete their thematic analyses
of the SMS text messages. This total time includes the sum of
the time spent by each individual coder on their initial coding,
codebook development, application of codebook, and reaching
consensus on disagreements in coding. The total time to
complete the inductive and deductive thematic analyses with
ChatGPT was 15 minutes (97% less time than the human
approach) and 25 minutes (97% less), respectively, whereas
both analyses took a total of 20 minutes with Bard (96% and
97% less time, respectively). The total time spent on thematic
analyses using GenAI was the sum of the time taken to input

the prompts, wait for responses to generate, and document those
responses in a spreadsheet table.

Discussion

Principal Findings
This study evaluated the consistency and ICR in themes between
human coders and GenAI models conducting both inductive
and deductive thematic analyses of short SMS text message
prompts that were used in a previous intervention to promote
medication adherence. There was evidence of consistency in
the themes identified by ChatGPT and Bard compared to human
coders’ inductive thematic analysis (both 5/7, 71%), but the
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consistency was notably lower for deductive thematic analysis
(6/12, 50% and 7/12, 58%, respectively). The overall ICR
(percent agreement in coding) of themes shared between human
coders and GenAI models (inductive: 31/66, 47% and 20/54,
37%; deductive: 22/59, 37% and 21/58, 36%, respectively) was
fair to moderate [31]. In addition, GenAI models were
significantly less resource-intensive, as they took an average of
97% less time (20 vs 567 min) for qualitative analysis compared
to human coders. ChatGPT and Bard performed similarly to
each other across both types of thematic analysis.

This study is the first of our knowledge to compare the GenAI-
and human-generated themes from textual data following both
inductive and deductive qualitative thematic analysis procedures
using health-related data. We also evaluated and compared both
ChatGPT and Bard, whereas prior studies of GenAI have only
examined ChatGPT. Our findings demonstrate that GenAI may
provide a promising opportunity to facilitate quicker and more
resource-efficient qualitative analysis of textual data; however,
such technologies should be used to assist human coders in
order to further improve the efficacy and reliability of findings.

Comparison With Prior Work
Although we did not find perfect consistency in AI- and
human-generated themes, there were notable similarities in the
themes derived by both methods. Hamilton et al [20] similarly
compared emergent ChatGPT- and human-generated themes
from a qualitative analysis of interview data from a guaranteed
income program evaluation, in which they also found an overlap
between the 2 methods. They found that approximately 50% of
human-generated themes were consistent with those identified
by ChatGPT and that 80% of themes identified by ChatGPT
were identified by human coders. Furthermore, de Paoli [11]
emulated inductive thematic analysis of a previously analyzed
semistructured interview data set using the underlying natural
language processing (NLP) model of ChatGPT (GPT 3.5-Turbo)
and found that a majority of the original themes (9/13, 69%)
were identified. The consistency between our GenAI- (ChatGPT
and Bard) and human-generated thematic analyses (50%-71%)
was notably similar to that observed in these studies (50%-80%)
[11,20]. The results of this study and the study by Hamilton et
al [20] both found that both GenAI- and human-generated
themes were promisingly similar, but both methods also
identified distinct themes. Although de Paoli [11] and Hamilton
et al [20] had previously demonstrated and evaluated the
potential efficacy of GenAI for qualitative research, our findings
further suggest that GenAI may also have promising applications
for qualitative research in the context of health research.

In this study, the data set consisted of SMS text messages to
promote HIV medication adherence for individuals who use
methamphetamine and included nuanced references that are
unique to this population such as references to substance use
(eg, “fun” and “partying”) and specific slang for
methamphetamine (“Tina”). The deductive human coding team
identified the theme of “balancing health with ‘fun’” based on
these messages and recognized the nuance of the use word “fun”
in this context as a subtle reference to substance use (codebook
description: “Messages contain content reminding a person to
prioritize health, even engaging in ‘fun’or ‘partying behaviors,’

which may include risky behaviors”), whereas ChatGPT and
Bard did not. For these messages, both AI methods tended to
take a literal meaning and labeled these messages as representing
themes of “fun and enjoyment” or “enjoyment.” However, it is
also important to recognize that our inductive coding team
similarly did not appear to recognize these subtle references to
substance use behaviors. In terms of other notable discrepancies
in themes, the human-generated deductive themes included
“positive tone” and “stern/serious tone,” which neither ChatGPT
nor Bard produced. These themes appear to be consistent with
sentiment analysis (or recognizing the sentiment or emotion
expressed in text), which is surprising given that recent research
has found ChatGPT to be quite promising in sentiment
classification of textual data (>92% accuracy) and superior to
other NLP methods [32].

One possible explanation for the difference in the results
between methods is that GenAI methods appear to be relatively
limited in their ability to understand the contextual or subtle
meaning of textual data, as they rely primarily on probabilistic
pattern recognition to generate responses. The training sets used
to train the NLP models underlying ChatGPT and Bard (ie,
largely internet content) presumably did not contain a substantial
amount of textual data specific to substance use, and so the
ability to recognize subtle nuances and references within this
context is more limited. The implications of these findings
suggest that GenAI shows promise in qualitative thematic
analysis but may ultimately prove less valid for less mainstream
research topics that may relatively use more nuanced language
(eg, illicit substance use), which further highlights the
importance of continued inclusion of human coders in the
qualitative research process. This possible limitation regarding
the more explicit interpretation of GenAI that we observed
appears to extend to not only the output it produces but also its
use of input (prompts). Whereas our human coders’
understanding of qualitative thematic analysis included the
possibility of themes emerging related to the sentiment of the
text messages, it appears that ChatGPT and Bard did not. This
finding highlights the relative importance of prompt engineering
(ie, research into how best to instruct such technologies) and
further stresses the importance of maintaining human coders in
the qualitative research process when leveraging GenAI.

Currently, there is considerable heterogeneity in the prompts
being used to conduct qualitative research with GenAI to date,
such that some examples have had the models show their work
and used step-by-step prompts following a typical 6-step process
[11], and others have been more global in their approach [20]
similar to ours. While general guidance exists on how best to
prompt GenAI in the context of health care [29], we believe
that this represents a critical future direction of research for this
field of work. As more studies and case examples are published,
a systematic review would be critical for developing best
practices and standards for prompt engineering in the specific
context of qualitative analysis (eg, are step-by-step prompts
better received than more global ones such as the ones used in
our study?).

Given that GenAI and human coders were operating off
independently derived codebooks and themes, the degree of
disagreement in ICR is not surprising. After the initial
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application of their codebooks and before meeting and coming
to a consensus on disagreements, our inductive and deductive
human coding teams had ICRs of 83% (57/69) and 31%
(45/144), respectively. Therefore, the ICRs found between our
human coders before discussing disagreements was in fact quite
similar to the ICRs we observed between human and GenAI
methods for shared themes. Furthermore, Xiao et al [33]
similarly examined the degree of ICR between a pretrained
LLM (GPT-3) and deductive coding conducted by expert human
coders, in which they also found fair to substantial agreement
between methods [33]. Regarding the difference in ICRs
between the inductive and deductive analyses, current literature
suggests that this most likely is a reflection of the method and
the associated number of codes. In our study, the human
deductive analysis team identified more themes (and codes)
than did the inductive analysis team (12 vs 7, respectively),
which could be suspected as they had been provided with a
priori codes from several theories of behavior change. Previous
research has found that a greater number of codes reduces the
ICR [34,35], which is believed to reflect having to be familiar
with a relatively longer coding scheme and thus being more
cognitively taxing [36]. There is also substantial debate over
the utility of ICR in qualitative methods, as some argue that the
inherent subjectivity of qualitative research and the resulting
researcher’s reflexivity and personal engagement are necessary
for understanding the diversity of perspectives on a given topic
rather than treating it as noise to be minimized [36,37]. The
arguments in support of using ICR are that it helps ensure that
themes and information being derived from qualitative data are
consistent and meaningful [38]. Therefore, GenAI-generated
qualitative analyses may be useful as tools for providing an
additional perspective of the data to complement those found
by human coders and enabling triangulation and recognition of
potential biases.

A significant barrier to qualitative analysis is the considerable
time and resources involved, which can be particularly salient
when rapid research findings are urgently needed to improve
the dissemination and implementation of evidence-based health
interventions [4,39]. Previous innovations in qualitative
methods, such as rapid qualitative analysis, have shown promise
in helping maintain the rigor of the analysis while being quicker
and more cost-efficient than traditional methods [1,7]. However,
such methodologies still require substantial human resources,
and the resource efficiency of qualitative methodologies may
be further improved when augmented with new technologies.
Several examples of hybrid NLP-qualitative methods, whereby
human coders and NLP or GenAI technologies collaborate
during analysis, have been proposed or demonstrated previously
[40-43]. Skeen et al [41] have provided one such example of a
hybrid approach in their proof-of-concept study that applied
NLP to condense a large data set of unstructured textual data
before subsequent human-generated thematic analysis in order
to more rapidly produce design insights for improving a digital
HIV intervention.

However, most of these studies using hybrid methods have only
demonstrated proof of concept and lacked comparisons with
gold-standard qualitative analysis conducted by human analysts.
In one previous study comparing qualitative analysis with human

coders, NLP-only, and NLP-hybrid methods, the authors found
similar thematic findings across methods and that NLP and
hybrid methods required notably less time and resources [43].
Whereas the technical skills (eg, coding) required to implement
NLP methods previously posed a significant barrier to the wider
adoption of such methodologies among qualitative researchers,
commercially available GenAI services, such as ChatGPT and
Bard, provide a promising opportunity for further exploration
of hybrid NLP-qualitative methods. An example of a hybrid
approach incorporating GenAI might be for it to complete the
often time-intensive initial coding of textual data, which could
subsequently be reviewed and summarized by human analysts
to produce the themes that are often more interpretative and
abstract in nature. Alternatively, a single human coder might
conduct a complete thematic analysis and then collaborate with
GenAI as if they were another human coder to reflect on
discrepancies and convergence between their coding and
identification of broader themes (ie, replacing the need for a
second human coder or analyst). The unknown feasibility,
efficacy, and efficiency of such hybrid approaches leveraging
GenAI warrant future exploration and study.

Limitations
There are several important limitations to consider when
interpreting the findings of our study and more broadly the
application of GenAI to qualitative analysis. First and foremost,
there are numerous current ethical and privacy issues to applying
GenAI to human participant research. These issues are currently
being debated as these technologies emerge and include the
potential for perpetuating bias and inequality, fact fabrication,
plagiarism, and potential breaches of data privacy or ownership
[44-48]. Using GenAI in the research process also poses
potential challenges to obtaining informed consent from
participants, especially when working with at-risk populations
such as those living with HIV or those who use substances.
Obtaining informed consent is fundamental to the ethical
conduct of research and involves disclosing to potential
participants how their data could be used and the risks associated
with research participation, both of which may be difficult to
do in the context of using GenAI services due to their lack of
transparency, explainability (eg, black box), and the potential
risk of reidentification [49]. Future researchers should continue
to prudently investigate and monitor both the potential benefits
and risks associated with groundbreaking technologies such as
GenAI services, especially when incorporating them into the
scientific process and their use with data from vulnerable
populations.

In addition, it is important to note that our data set consisted of
only relatively brief SMS text message prompts that could easily
be provided to ChatGPT and Bard. We do not know how well
the consistency and reliability of themes derived by GenAI
would compare to human coders for longer textual data sets
that are common in qualitative research (ie, unstructured or
structured interview, focus group transcripts, etc). Our data set
also notably did not consist of natural, participant-generated
language (eg, transcribed spoken language in interviews), so
our findings may not generalize to these more likely data sets
for qualitative analysis. However, recent studies have conducted
qualitative analyses using GenAI services or their underlying
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LLMs with such data sets (eg, unstructured qualitative interview
transcripts and significant statements from transcripts) and have
shown promisingly similar results to ours [11,20].

Relatedly, we observed challenges with GenAI being able to
recognize interpretative themes and consider the nuanced
meaning of some topics (specifically, substance use), which
may also suggest that our findings may not generalize to all
research content areas. Although the flexibility of thematic
analysis allows and expects to some degree that initial codes
go on to form main themes [2,50], our study was relatively
limited in the extent to which we could determine whether
GenAI correctly identifies more complex themes due to our
small data set of brief text messages. Given the limited research
that exists examining the consistency and reliability of applying
GenAI to qualitative research and the novelty of the field, future
studies should consider further exploring how well these
methods generalize to other types and content of data.

Conclusions
Our findings suggest that GenAI may have promising
applications for qualitative thematic analysis (including reducing
the time and resources required), but hybrid approaches that
allow for collaboration between human coders and GenAI
technologies are likely necessary to further improve the
consistency and reliability of such methods. Improvements in
efficiency may be particularly important to further facilitating
the adoption of qualitative methods for studying and improving
digital health interventions within often complex and rapidly
changing real-world settings. As GenAI models are expected
to continually improve as they learn, future studies should
further explore how humans can best collaborate with these
powerful tools given their potential for enabling more rapid
research while also remaining vigilant of the potential risks they
may pose. Research into the ethical challenges posed by GenAI
in the context of human participant research is also urgently
needed.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Inductive thematic analysis codebooks generated by human coders, ChatGPT, and Bard.
[DOCX File , 26 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Deductive thematic analysis codebooks generated by human coders, ChatGPT, and Bard.
[DOCX File , 26 KB-Multimedia Appendix 2]

References

1. Gale RC, Wu J, Erhardt T, Bounthavong M, Reardon CM, Damschroder LJ, et al. Comparison of rapid vs in-depth qualitative
analytic methods from a process evaluation of academic detailing in the Veterans Health Administration. Implement Sci.
Feb 01, 2019;14(1):11. [FREE Full text] [doi: 10.1186/s13012-019-0853-y] [Medline: 30709368]

2. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. Jan 2006;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

3. Lester J, Cho Y, Lochmiller C. Learning to do qualitative data analysis: a starting point. Hum Resour Dev Rev. Feb 09,
2020;19(1):94-106. [doi: 10.1177/1534484320903890]

4. Glasgow RE, Chambers D. Developing robust, sustainable, implementation systems using rigorous, rapid and relevant
science. Clin Transl Sci. Feb 2012;5(1):48-55. [FREE Full text] [doi: 10.1111/j.1752-8062.2011.00383.x] [Medline:
22376257]

5. Taylor B, Henshall C, Kenyon S, Litchfield I, Greenfield S. Can rapid approaches to qualitative analysis deliver timely,
valid findings to clinical leaders? a mixed methods study comparing rapid and thematic analysis. BMJ Open. Oct 08,
2018;8(10):e019993. [FREE Full text] [doi: 10.1136/bmjopen-2017-019993] [Medline: 30297341]

6. Vindrola-Padros C, Johnson GA. Rapid techniques in qualitative research: a critical review of the literature. Qual Health
Res. Aug 2020;30(10):1596-1604. [doi: 10.1177/1049732320921835] [Medline: 32667277]

7. Nevedal AL, Reardon CM, Opra Widerquist MA, Jackson GL, Cutrona SL, White BS, et al. Rapid versus traditional
qualitative analysis using the Consolidated Framework for Implementation Research (CFIR). Implement Sci. Jul 02,
2021;16(1):67. [FREE Full text] [doi: 10.1186/s13012-021-01111-5] [Medline: 34215286]

8. McNall M, Foster-Fishman PG. Methods of rapid evaluation, assessment, and appraisal. Am J Eval. Jun 30,
2016;28(2):151-168. [doi: 10.1177/1098214007300895]

9. Researcher Access Program application. OpenAI. URL: https://openai.com/form/researcher-access-program/ [accessed
2023-09-22]

10. Anil R, Dai AM, Firat O, Johnson M, Lepikhin D, Passos A, et al. PaLM 2 technical report. arXiv. Preprint posted online
on May 17, 2023. [FREE Full text] [doi: 10.1038/protex.2013.081]

JMIR AI 2024 | vol. 3 | e54482 | p. 10https://ai.jmir.org/2024/1/e54482
(page number not for citation purposes)

Prescott et alJMIR AI

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ai_v3i1e54482_app1.docx&filename=347c4746188bddfba4c7730b77b3a095.docx
https://jmir.org/api/download?alt_name=ai_v3i1e54482_app1.docx&filename=347c4746188bddfba4c7730b77b3a095.docx
https://jmir.org/api/download?alt_name=ai_v3i1e54482_app2.docx&filename=7c872be873c3948391bd8540d17f5c0d.docx
https://jmir.org/api/download?alt_name=ai_v3i1e54482_app2.docx&filename=7c872be873c3948391bd8540d17f5c0d.docx
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-019-0853-y
http://dx.doi.org/10.1186/s13012-019-0853-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30709368&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1177/1534484320903890
https://europepmc.org/abstract/MED/22376257
http://dx.doi.org/10.1111/j.1752-8062.2011.00383.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22376257&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30297341
http://dx.doi.org/10.1136/bmjopen-2017-019993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30297341&dopt=Abstract
http://dx.doi.org/10.1177/1049732320921835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667277&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-021-01111-5
http://dx.doi.org/10.1186/s13012-021-01111-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34215286&dopt=Abstract
http://dx.doi.org/10.1177/1098214007300895
https://openai.com/form/researcher-access-program/
https://arxiv.org/abs/2305.10403
http://dx.doi.org/10.1038/protex.2013.081
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. de Paoli S. Can large language models emulate an inductive thematic analysis of semi-structured interviews? an exploration
and provocation on the limits of the approach and the model. arXiv. Preprint posted online on May 22, 2023. [FREE Full
text] [doi: 10.1177/08944393231220483]

12. Cooper G. Examining science education in ChatGPT: an exploratory study of generative artificial intelligence. J Sci Educ
Technol. Mar 22, 2023;32(3):444-452. [doi: 10.1007/s10956-023-10039-y]

13. Biever C. ChatGPT broke the Turing test - the race is on for new ways to assess AI. Nature. Jul 2023;619(7971):686-689.
[doi: 10.1038/d41586-023-02361-7] [Medline: 37491395]

14. Langevin M, Grebner C, Güssregen S, Sauer S, Li Y, Matter H, et al. Impact of applicability domains to generative artificial
intelligence. ACS Omega. Jun 27, 2023;8(25):23148-23167. [FREE Full text] [doi: 10.1021/acsomega.3c00883] [Medline:
37396211]

15. Park JE, Vollmuth P, Kim N, Kim HS. Research highlight: use of generative images created with artificial intelligence for
brain tumor imaging. Korean J Radiol. May 2022;23(5):500-504. [FREE Full text] [doi: 10.3348/kjr.2022.0033] [Medline:
35434978]

16. Biswas SS. Role of chat GPT in public health. Ann Biomed Eng. May 2023;51(5):868-869. [doi:
10.1007/s10439-023-03172-7] [Medline: 36920578]

17. van Dis EA, Bollen J, Zuidema W, van Rooij R, Bockting CL. ChatGPT: five priorities for research. Nature. Feb
2023;614(7947):224-226. [doi: 10.1038/d41586-023-00288-7] [Medline: 36737653]

18. Leech NL, Onwuegbuzie AJ. An array of qualitative data analysis tools: a call for data analysis triangulation. School Psychol
Q. Dec 2007;22(4):557-584. [doi: 10.1037/1045-3830.22.4.557]

19. Firmin RL, Bonfils KA, Luther L, Minor KS, Salyers MP. Using text-analysis computer software and thematic analysis on
the same qualitative data: a case example. Qual Psychol. Nov 2017;4(3):201-210. [doi: 10.1037/qup0000050]

20. Hamilton L, Elliott D, Quick A, Smith S, Choplin V. Exploring the use of AI in qualitative analysis: a comparative study
of guaranteed income data. Int J Qual Method. Sep 07, 2023;22. [doi: 10.1177/16094069231201504]

21. Noble H, Smith J. Issues of validity and reliability in qualitative research. Evid Based Nurs. Apr 2015;18(2):34-35. [FREE
Full text] [doi: 10.1136/eb-2015-102054] [Medline: 25653237]

22. Moore DJ, Pasipanodya EC, Umlauf A, Rooney AS, Gouaux B, Depp CA, et al. Individualized texting for adherence
building (iTAB) for methamphetamine users living with HIV: a pilot randomized clinical trial. Drug Alcohol Depend. Aug
01, 2018;189:154-160. [FREE Full text] [doi: 10.1016/j.drugalcdep.2018.05.013] [Medline: 29958127]

23. Becker MH. The health belief model and personal health behavior. Health Educ Monogr. 1974;2:324-508.
24. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. Dec 1991;50(2):179-211. [doi:

10.1016/0749-5978(91)90020-T]
25. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. Hoboken, NJ. Prentice Hall; 1986.
26. de Vries H, Dijkstra M, Kuhlman P. Self-efficacy: the third factor besides attitude and subjective norm as a predictor of

behavioural intentions. Health Educ Res. 1988;3(3):273-282. [doi: 10.1093/her/3.3.273]
27. Montoya JL, Georges S, Poquette A, Depp CA, Atkinson JH, Moore DJ. Refining a personalized mHealth intervention to

promote medication adherence among HIV+ methamphetamine users. AIDS Care. 2014;26(12):1477-1481. [FREE Full
text] [doi: 10.1080/09540121.2014.924213] [Medline: 24911433]

28. Knox WB, Stone P. Augmenting reinforcement learning with human feedback. In: Proceedings of the ICML Workshop
on New Developments in Imitation Learning. 2011. Presented at: ICML 2011; June 28-July 2, 2011; Bellevue, WA. URL:
https://www.ias.informatik.tu-darmstadt.de/uploads/Research/ICML2011/icml11il-knox.pdf

29. Meskó B. Prompt engineering as an important emerging skill for medical professionals: tutorial. J Med Internet Res. Oct
04, 2023;25:e50638. [FREE Full text] [doi: 10.2196/50638] [Medline: 37792434]

30. Miles MB, Huberman AM. Qualitative Data Analysis: An Expanded Sourcebook. Thousand Oaks, CA. SAGE Publications;
1994.

31. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. Mar 1977;33(1):159-174.
[Medline: 843571]

32. Fu Z, Hsu YC, Chan CS, Lau CM, Liu J, Yip PS. Efficacy of ChatGPT in Cantonese sentiment analysis: comparative study.
J Med Internet Res. Jan 30, 2024;26:e51069. [FREE Full text] [doi: 10.2196/51069] [Medline: 38289662]

33. Xiao Z, Yuan X, Liao QV, Abdelghani R, Oudeyer PY. Supporting qualitative analysis with large language models:
combining codebook with GPT-3 for deductive coding. In: Proceedings of the 28th International Conference on Intelligent
User Interfaces. 2023. Presented at: IUI '23 Companion; March 27-31, 2023; Sydney, Australia. URL: https://dl.acm.org/
doi/10.1145/3581754.3584136 [doi: 10.1145/3581754.3584136]

34. Hruschka DJ, Schwartz D, St.John DC, Picone-Decaro E, Jenkins RA, Carey JW. Reliability in coding open-ended data:
lessons learned from HIV behavioral research. Field Methods. Jul 24, 2016;16(3):307-331. [doi: 10.1177/1525822x04266540]

35. Roberts K, Dowell A, Nie JB. Attempting rigour and replicability in thematic analysis of qualitative research data; a case
study of codebook development. BMC Med Res Methodol. Mar 28, 2019;19(1):66. [FREE Full text] [doi:
10.1186/s12874-019-0707-y] [Medline: 30922220]

36. O’Connor C, Joffe H. Intercoder reliability in qualitative research: debates and practical guidelines. Int J Qual Method. Jan
22, 2020;19. [doi: 10.1177/1609406919899220]

JMIR AI 2024 | vol. 3 | e54482 | p. 11https://ai.jmir.org/2024/1/e54482
(page number not for citation purposes)

Prescott et alJMIR AI

XSL•FO
RenderX

https://arxiv.org/abs/2305.13014
https://arxiv.org/abs/2305.13014
http://dx.doi.org/10.1177/08944393231220483
http://dx.doi.org/10.1007/s10956-023-10039-y
http://dx.doi.org/10.1038/d41586-023-02361-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37491395&dopt=Abstract
https://doi.org/10.1021/acsomega.3c00883
http://dx.doi.org/10.1021/acsomega.3c00883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37396211&dopt=Abstract
https://www.kjronline.org/DOIx.php?id=10.3348/kjr.2022.0033
http://dx.doi.org/10.3348/kjr.2022.0033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35434978&dopt=Abstract
http://dx.doi.org/10.1007/s10439-023-03172-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36920578&dopt=Abstract
http://dx.doi.org/10.1038/d41586-023-00288-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36737653&dopt=Abstract
http://dx.doi.org/10.1037/1045-3830.22.4.557
http://dx.doi.org/10.1037/qup0000050
http://dx.doi.org/10.1177/16094069231201504
https://core.ac.uk/reader/30731933?utm_source=linkout
https://core.ac.uk/reader/30731933?utm_source=linkout
http://dx.doi.org/10.1136/eb-2015-102054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25653237&dopt=Abstract
https://europepmc.org/abstract/MED/29958127
http://dx.doi.org/10.1016/j.drugalcdep.2018.05.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29958127&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1093/her/3.3.273
https://europepmc.org/abstract/MED/24911433
https://europepmc.org/abstract/MED/24911433
http://dx.doi.org/10.1080/09540121.2014.924213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24911433&dopt=Abstract
https://www.ias.informatik.tu-darmstadt.de/uploads/Research/ICML2011/icml11il-knox.pdf
https://www.jmir.org/2023//e50638/
http://dx.doi.org/10.2196/50638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37792434&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=843571&dopt=Abstract
https://www.jmir.org/2024//e51069/
http://dx.doi.org/10.2196/51069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38289662&dopt=Abstract
https://dl.acm.org/doi/10.1145/3581754.3584136
https://dl.acm.org/doi/10.1145/3581754.3584136
http://dx.doi.org/10.1145/3581754.3584136
http://dx.doi.org/10.1177/1525822x04266540
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0707-y
http://dx.doi.org/10.1186/s12874-019-0707-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30922220&dopt=Abstract
http://dx.doi.org/10.1177/1609406919899220
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Smith JA. Qualitative Psychology: A Practical Guide to Research Methods. Thousand Oaks, CA. SAGE Publications; 2003.
38. MacPhail C, Khoza N, Abler L, Ranganathan M. Process guidelines for establishing Intercoder Reliability in qualitative

studies. Qual Res. Apr 20, 2015;16(2):198-212. [doi: 10.1177/1468794115577012]
39. Riley WT, Glasgow RE, Etheredge L, Abernethy AP. Rapid, responsive, relevant (R3) research: a call for a rapid learning

health research enterprise. Clin Transl Med. May 10, 2013;2(1):10. [FREE Full text] [doi: 10.1186/2001-1326-2-10]
[Medline: 23663660]

40. Timimi F, Ray S, Jones E, Aase L, Hoffman K. Patient-reported outcomes in online communications on statins, memory,
and cognition: qualitative analysis using online communities. J Med Internet Res. Nov 28, 2019;21(11):e14809. [FREE
Full text] [doi: 10.2196/14809] [Medline: 31778117]

41. Skeen SJ, Jones SS, Cruse CM, Horvath KJ. Integrating natural language processing and interpretive thematic analyses to
gain human-centered design insights on HIV mobile health: proof-of-concept analysis. JMIR Hum Factors. Jul 21,
2022;9(3):e37350. [FREE Full text] [doi: 10.2196/37350] [Medline: 35862171]

42. Leeson W, Resnick A, Alexander D, Rovers J. Natural language processing (NLP) in qualitative public health research: a
proof of concept study. Int J Qual Method. Nov 13, 2019;18. [doi: 10.1177/1609406919887021]

43. Guetterman TC, Chang T, DeJonckheere M, Basu T, Scruggs E, Vydiswaran VG. Augmenting qualitative text analysis
with natural language processing: methodological study. J Med Internet Res. Jun 29, 2018;20(6):e231. [FREE Full text]
[doi: 10.2196/jmir.9702] [Medline: 29959110]

44. Ruksakulpiwat S, Kumar A, Ajibade A. Using ChatGPT in medical research: current status and future directions. J Multidiscip
Healthc. May 30, 2023;16:1513-1520. [FREE Full text] [doi: 10.2147/JMDH.S413470] [Medline: 37274428]

45. Zohny H, McMillan J, King M. Ethics of generative AI. J Med Ethics. Feb 2023;49(2):79-80. [doi: 10.1136/jme-2023-108909]
[Medline: 36693706]

46. Thirunavukarasu AJ, Ting DS, Elangovan K, Gutierrez L, Tan TF, Ting DS. Large language models in medicine. Nat Med.
Aug 2023;29(8):1930-1940. [doi: 10.1038/s41591-023-02448-8] [Medline: 37460753]

47. Meskó B, Topol EJ. The imperative for regulatory oversight of large language models (or generative AI) in healthcare.
NPJ Digit Med. Jul 06, 2023;6(1):120. [FREE Full text] [doi: 10.1038/s41746-023-00873-0] [Medline: 37414860]

48. Morley J, DeVito NJ, Zhang J. Generative AI for medical research. BMJ. Jul 12, 2023;382:1551. [doi: 10.1136/bmj.p1551]
[Medline: 37437947]

49. Thapa S, Adhikari S. ChatGPT, bard, and large language models for biomedical research: opportunities and pitfalls. Ann
Biomed Eng. Dec 16, 2023;51(12):2647-2651. [doi: 10.1007/s10439-023-03284-0] [Medline: 37328703]

50. Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis. Int J Qual Method. Oct 02, 2017;16(1). [doi:
10.1177/1609406917733847]

Abbreviations
AI: artificial intelligence
GenAI: generative artificial intelligence
ICR: intercoder reliability
iTAB: individualized texting for adherence building
LLM: large language model
NLP: natural language processing

Edited by K El Emam, B Malin; submitted 11.11.23; peer-reviewed by L Hamilton, S De Paoli, S Biswas; comments to author 29.02.24;
revised version received 25.03.24; accepted 06.06.24; published 02.08.24

Please cite as:
Prescott MR, Yeager S, Ham L, Rivera Saldana CD, Serrano V, Narez J, Paltin D, Delgado J, Moore DJ, Montoya J
Comparing the Efficacy and Efficiency of Human and Generative AI: Qualitative Thematic Analyses
JMIR AI 2024;3:e54482
URL: https://ai.jmir.org/2024/1/e54482
doi: 10.2196/54482
PMID:

©Maximo R Prescott, Samantha Yeager, Lillian Ham, Carlos D Rivera Saldana, Vanessa Serrano, Joey Narez, Dafna Paltin,
Jorge Delgado, David J Moore, Jessica Montoya. Originally published in JMIR AI (https://ai.jmir.org), 02.08.2024. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

JMIR AI 2024 | vol. 3 | e54482 | p. 12https://ai.jmir.org/2024/1/e54482
(page number not for citation purposes)

Prescott et alJMIR AI

XSL•FO
RenderX

http://dx.doi.org/10.1177/1468794115577012
https://europepmc.org/abstract/MED/23663660
http://dx.doi.org/10.1186/2001-1326-2-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23663660&dopt=Abstract
https://www.jmir.org/2019/11/e14809/
https://www.jmir.org/2019/11/e14809/
http://dx.doi.org/10.2196/14809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31778117&dopt=Abstract
https://humanfactors.jmir.org/2022/3/e37350/
http://dx.doi.org/10.2196/37350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35862171&dopt=Abstract
http://dx.doi.org/10.1177/1609406919887021
https://www.jmir.org/2018/6/e231/
http://dx.doi.org/10.2196/jmir.9702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29959110&dopt=Abstract
https://europepmc.org/abstract/MED/37274428
http://dx.doi.org/10.2147/JMDH.S413470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37274428&dopt=Abstract
http://dx.doi.org/10.1136/jme-2023-108909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36693706&dopt=Abstract
http://dx.doi.org/10.1038/s41591-023-02448-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37460753&dopt=Abstract
https://doi.org/10.1038/s41746-023-00873-0
http://dx.doi.org/10.1038/s41746-023-00873-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37414860&dopt=Abstract
http://dx.doi.org/10.1136/bmj.p1551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37437947&dopt=Abstract
http://dx.doi.org/10.1007/s10439-023-03284-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37328703&dopt=Abstract
http://dx.doi.org/10.1177/1609406917733847
https://ai.jmir.org/2024/1/e54482
http://dx.doi.org/10.2196/54482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


provided the original work, first published in JMIR AI, is properly cited. The complete bibliographic information, a link to the
original publication on https://www.ai.jmir.org/, as well as this copyright and license information must be included.

JMIR AI 2024 | vol. 3 | e54482 | p. 13https://ai.jmir.org/2024/1/e54482
(page number not for citation purposes)

Prescott et alJMIR AI

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

