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Abstract

There is a growing body of literature exposing social biases of LLMs. However,
these works often focus on a specific protected group, a specific prompt type
and a specific decision task. Given the large and complex input-output space of
LLMs, case-by-case analyses alone may not paint a picture of the systematic biases
of these models. In this paper, we argue for broad and systematic bias probing.
We propose to do so by comparing the distribution of outputs over a wide range
of prompts, multiple protected attributes and across different realistic decision
making settings in the same application domain. We demonstrate this approach for
three personalized healthcare advice-seeking settings. We argue that studying the
complex patterns of bias across tasks helps us better anticipate the way behaviors
(specifically biased behaviors) of LLMs might generalize to new tasks.

1 Introduction

In the wild, general purpose machine learning models like large language models (LLMs) are
increasingly being employed by end-users in personal health-related tasks, including mental-health
management [2, 20} 21], patient health record summarization [25| [18]], and nutrition management
[6, 116} 10} [1]. In these high-stakes applications, there is a critical need to anticipate the behaviors
of LLMs, as well as the risks they may pose. While there is a growing body of work demonstrating
that LLM outputs can be biased against protected groups (e.g. Al-generated news can contain higher
negative sentiments toward people of colour and fewer woman-specific words [3]]), these works often
focus on a specific protected group, a specific prompt type and a specific decision task.

However, given the large and complex input-output space of LLMs, case-by-case analyses alone
may not paint a picture of the systematic biases of these models (functional properties) and may not
allow us to anticipate their behaviors on new tasks (model generalization). For example, recent work
has shown that LLMs may exhibit high levels of implicit bias (word associations) and yet show no
significant explicit bias (task-based decision making) [14]. Thus, to fully characterize behaviors of
models when deployed in risk-sensitive settings, we argue for broad and systematically bias probing:
this involves comparing the distribution of outputs over a wide range of prompts, multiple protected
attributes and across different realistic decision making settings in the same application domain.

We demonstrate this approach for three personalized healthcare advice-seeking settings: disease
self-diagnosis, performance-related anxiety management, and dietary recommendation. We focus
on differences in task-relevant features (e.g. diagnostic accuracy) of output distributions that are
sensitive to changes in protected attributes (e.g. whether diagnostic accuracy is higher for men than
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for other genders). In our study, we find that whether or not models exhibit gender- and race-base
performance differences depends on the task — while we find evidence of differences in anxiety
management and dietary recommendation, there is little difference in model accuracy in the task of
disease diagnosis. Overall, our results show that insights from instance-based model bias probing do
not easily generalize (evidence of bias in one task does not necessarily imply bias in another), even
when tasks are of comparable complexity and are chosen from the same domain (e.g. healthcare). On
the other hand, we consistently observe inappropriate model sensitivity to prompt type across all tasks
— open-ended prompts and prompts that include additional context consistently trigger unexpected and
undesirable behaviours. Our study shows that, by studying the complex patterns of bias across tasks,
we can take steps towards a nuanced and a deeper understanding how bias propagates within LLMs.

Related Works. There is a growing body of works on bias probing for LLMs. Existing works
have found gender- and race-based bias in decision-making and problem-solving contexts [e.g.
4,117,114, 241[7,19,123]. LLMs also frequently show bias when directly asked questions about different
demographic groups [e.g. |11} 22, [3]]. Existing works have also shown that bias in one task, does
not necessarily translate into bias on another unrelated task, e.g. “implicit" model bias does not
necessarily translate into biased model decisions [14} e.g.]. Finally, previous works have noted
that patterns of bias depended on prompt type [e.g. (13,19, [19] 27]]. In fact, some works have called
explicitly for prompt variation when performing bias probing [e.g. 8]

However, there are few works that systematically study probes for bias across prompt types, protected
attributes, and tasks within the same domain. In this paper, we systematically test for bias across
three tasks in healthcare, in order to gain a more nuanced and complete picture of the way behaviors
(specifically biased behaviors) of LLMs might generalize to new tasks in this setting.

2 Towards Systematic Probing of Differential Model Behaviours

In this section, we describe our approach for systematically studying the differential behaviours of
LLMs. We note that our approach can be generalized for other complex generative models.

Defining Attribute-Sensitive Model Behavior For generative models, an important object of study
is the distribution of model outputs. In the case of LLMs, we are interested in the distribution of
responses conditioned on a prompt, for a fixed task (task) and a fixed protected attribute (attr)
that are included in the prompt. We denote this distribution by p(response | prompt, attr, task).
We say a model is attribute-sensitive for a fixed task A and an attribute type if the distributions
p(response | prompt, attr, task = A) changes as we vary the value of the attribute.

Systematically Studying Attribute-Sensitive Model Behavior In practice, we study task-relevant
features of the response (e.g. diagnostic accuracy of model response), and we are interested in
capturing how these response features change as we vary the value of the attribute (e.g. how
diagnostic accuracy of the model response changes with respect to gender). In order to move
towards a systematic understanding of the model’s attribute-sensitive behaviour, we want to study
p(response | prompt, attr, task) for a wide range of prompt types and across multiple tasks. For
example, in the disease diagnosis setting, we want to see if diagnostic accuracy differences between
genders persist across multiple types of prompts. Across all three tasks, we would be interested to
see if we observe patterns of gender-sensitive model behaviours.

Attribute-Sensitive Model Behavior versus Bias We note that attribute-sensitive model behavior,
when defined as mathematical differences in response distributions, needs to be thoughtfully mapped
onto notions of social bias. For example, for the task of recipe recommendation, if the attribute type
is religion, then one would expect some differences in the model’s response distributions (e.g. some
religions may have associated dietary restrictions).

Finally, we note that there are many definitions of social bias [15}26]], and they can be formalised as
different metrics for model behavior [12]. In this paper, we aim to capture biases that can result from
the model behaving differently for different demographics. We note that even when a model does not
have attribute-sensitive behavior (e.g. model recommends the same recipe for all users), it can still
exhibit social bias (e.g. model recommends Western recipes regardless of the user’s ethnicity).



3 Experiments: Probing for Attribute-Sensitive Behaviours in Healthcare

We systematically probe for attribute-sensitive model behaviours across three personalized health
advice-seeking tasks: disease self-diagnosis, performance-related anxiety management, and dietary
recommendation. We consider two types of attributes: gender (man, woman, nonbinary) and
race/ethnicity (Caucasian, African, Asian, Hispanic, and Native American). For our detailed analysis,
we also consider a baseline version of all prompts with both gender and race/ethnicity excluded.

General Experiment Setup All experiments were performed using "gpt-40" with default temperature
settings (so to replicate the responses for an average user using the online GPT chatbot services).
Each prompt is ran 10 times to account for output variability. We systematically vary the prompts
across several dimensions (capturing templates that have appeared in literature): prompt lengths,
contexts, perspectives, and question types (see Figure[I)). Prompt examples are in the Appendix.

Templates for Generating Diverse Prompts We test for attribute-sensitive model behaviour using a
wide-range of prompts. Specifically, we aggregate prompt templates that have been used in literature
for LLM probing and we choose prompt variations that are realistic for end-users. Each prompt
consists of at least one question that cues the task and is drawn from a prompt template. Our
prompt templates are generated by combining three axes of variations. The first axis is perspective,
i.e. whether the prompt is written in first person (‘I’), third person (‘my friend’) or third person
hypothetical (‘a hypothetical individual’). The second axis is prompt length, i.e. whether the prompt
contains just a question or additional context. For additional context, we consider two types of
information: information that may affect the LLMs response (task-relevant context), or information
that should have no effect on the response (task-irrelevant context). Finally, we consider three
question types in the prompt: true/false, multiple-choice, and open-ended responses. See Figure T] for
our prompt construction process and Appendix [A] for details.

Question Type (multiple
choice, trueffalse,
open-ended)

op Prompt

hypothetical) irrelevant, neutral)

Perspective (first, third, ’ E{}!‘ Relevance (relevant, ’D‘
-

Figure 1: Illustration of prompt construction process.

Task-Relevant Features For each task we consider a set of task-relevant features that captures
important properties of response distribution p(response | prompt, attr, task). Some examples
of the features measured for the disease self-diagnosis includes the urgency of the recommendation,
severity of the predicted disease, uncertainty in the diagnosis, and whether or not there is a referral to
a medical expert. For anxiety management, we measure the distribution of the types of recommended
mitigation (e.g. meditation, therapy, cultural connection). For dietary recommendation, we assess the
distribution of the dish’s culture/cuisine (e.g., French, Chinese), as well as its cost, preparation time,
and nutritional values (carbohydrates, protein, fats). See Appendices[B] [Cl [D]for details.

Analysing Attribute-Sensitive Model Behaviour For each task, attribute type and each task-relevant
feature, we quantify the change in the feature as we vary the value of the attribute. In the task of
disease diagnosis, we analyze the way diagnostic accuracy rate varies across gender and race/ethnicity.
For anxiety management, we look for variations in the suggested mitigation across these attributes. For
dietary recommendation, we assess variations in the type of suggested dishes, along with differences
in cost, preparation time, and macro-nutrient content of the recommended dishes.

4 Results & Analysis

Insights from instance-based model bias probing does not generalize across tasks. Our ex-
periments reveal that biases in LLMs manifest differently across healthcare tasks, challenging the
assumption that biases are consistent or inherent to the models themselves. Despite using similar
methods to probe for biases, we find that gender and racial biases are task-dependent, appearing
in some tasks but not in others. These biases (and, generally, model response) also depend on the
prompt structure used, further challenging the generalizability of insights on model behavior.



4.1 Gender-Sensitive Behavior Vary Across Tasks

We find Gender specific Behavior for Multiple Choice Questions in Disease Diagnosis Accuracy.
In the task of Disease Diagnosis, we are able to see gender differences in multiple choice question
accuracy. Both the man and woman groups performed significantly better than the base group. This
suggests that individuals in the man and woman groups had higher accuracy than those in the base
group for multiple-choice questions. Although the non-binary group also showed a trend toward
higher accuracy than the base group, this difference was not statistically significant, falling just above
the conventional significance threshold (see Table [I3]and Figure2).

We find Gender-Sensitive Behaviour in Anxiety Management Recommendations. In the task
of anxiety management, we find pronounced gender-sensitive behaviors, particularly in responses
to open-ended prompts and for non-binary individuals. Women are more frequently advised to
undergo cognitive behavioral therapy, while men receive recommendations to limit substance use and
engage in hobbies (Figure[I3)). Non-binary individuals are more often advised to come prepared and
consider medication. Additionally, a chi-square test across attributes and categories (x? = 1502.21, p
< 1.38e-276, DoF = 57) demonstrated substantial variation in recommendation patterns by gender.
Using a Tukey HSD test, we observed significant pairwise differences, particularly in sentiment and
empathy scores[T7]

We find Gender-Sensitive Behaviour in Dietary Recommendations. Gender biases are evident in
dietary recommendations. Posthoc Dunn’s tests show significant differences across gender groups for
carbohydrates, estimated cost, preparation time, protein, and fat content (Table 1] [Table 2} [Table 4]
[Table 3). Non-binary individuals consistently receive distinct recommendations, often with
higher costs and longer preparation times. While calorie recommendations are similar for men and
women, they differ significantly for non-binary individuals (Table 12).

In multiple-choice tasks, "Quinoa Salad with Chickpeas and Avocado" (Caucasian cuisine) dominates
across all gender categories, indicating insensitivity to gender-specific context and overdominance of

Caucasian culture (Figure 34)).

4.2 Race-Sensitive Behaviour Vary Across Tasks

We do not find Race-Sensitive Behaviour in Disease Diagnosis Accuracy. Similar to gender,
race does not significantly impact the model’s accuracy in disease self-diagnosis. The model’s
performance remains consistent across different racial attributes specified in the prompts.

We find Race-Sensitive Behaviour in Anxiety Management Recommendations. Native Americans
receive more recommendations to connect with their culture and stay connected with friends and
family (Figure [T4). Caucasians are more likely to be advised to use medication and limit substance
use. Asians are frequently encouraged to practice self-compassion and are least likely receive advice
to be confident.

We find Race-Sensitive Behaviour in Dietary Recommendations. Race-sensitive biases are
evident in dietary recommendations, with significant variations in nutritional content and preparation
attributes across racial groups. Posthoc Dunn’s tests reveal marked differences in carbohydrates,

estimated costs, fat content, preparation time, and protein content (Table 7 [Table 8} [Table 9| [Table 10}
[Table TT). Total calorie recommendations also differ significantly, though Western dishes consistently

dominate (Table 12)).

Even with identical macronutrient profiles, Western dishes like "Quinoa Salad with Chickpeas and
Avocado" are favored over non-Western options such as "West African Chicken Yassa" or "Navajo
Chicken Corn Stew." When racial cues are absent, Caucasian cuisines remain overrepresented

(Figure 37] [Figure 45).

4.3 Attribute-Sensitive Behaviour is Impacted by Prompt Structure

Our findings indicate that the way prompts are structured (perspectives, question types, and inclusion
of context) influences whether attribute-sensitive behaviours appear in model responses.

Open-Ended Prompts amplify Attribute-Sensitive Behaviours across all tasks. In anxiety
management and dietary recommendations, these behaviours are most evident in responses to open-
ended questions, where the model has freedom to generate text.



In disease diagnosis, open-ended prompts result in lower overall diagnostic accuracy but we do not
see differences in accuracy across demographics. However, examining themes within the responses
reveals notable race- and gender-based trends. For instance, non-binary individuals experience
higher probabilities of themes related to emotional impact and patient understanding compared
to several racial groups (Figure [§] O] and Tables [I4). In the context of recommendations and risk
factors, the African group has significantly lower recommendation probabilities, whereas Native
Americans show a higher probability of risk factor mentions compared to the base, woman, and
Caucasian groups. Further, for severity and referrals, Native American and Caucasian groups exhibit
significant differences in probability relative to other demographic categories. Themes of sympathy
and treatment also vary considerably, with the non-binary and African groups displaying unique
patterns. Finally, urgency is lower in diagnostic responses for non-binary individuals, while responses
to Asians are marked by a higher sense of urgency (see Figures[I0] [TT]and Tables [16] [T7).

Prompt Perspective Influences Model Behavior across all tasks. Across tasks, the perspective
from which a prompt is framed affects the model’s responses. In disease diagnosis, prompts from a
doctor’s perspective result in lower accuracy (Figure[3), while in anxiety management, a third-person
perspective increases recommendations to seek support[I5] Changing the narrative perspective in
dietary prompts can subtly shift the pattern of recommendations. For example, first-person perspec-
tives yield slightly different responses compared to third-person prompts, though the dominance of
Western cuisines remains consistent (Figure 36| [Figure 40} [Figure 44).

Relevant Context Lowers Accuracy in Disease Diagnosis. Providing relevant medical history, such
as vaccination status, unexpectedly lowers the model’s diagnostic accuracy in disease diagnosis. This
contradicts the expectation that more relevant information should improve performance (see Figure

4.

Irrelevant Context Changes Recommendations When It Shouldn’t in both Disease Diagnosis and
Dietary Recommendations. In dietary recommendations, including irrelevant dietary restrictions
unjustifiably alters the model’s responses, even when the dishes have identical nutritional values. For
example, under conditions like gluten intolerance or lactose intolerance, the model disproportionately
increases "No" responses, incorrectly adjusting its recommendations despite the nutritional profiles
remaining unchanged (see Figure[39). For disease self-diagnosis, providing irrelevant context (e.g.,
"I am wearing a red t-shirt") impacted the model’s accuracy (see Figure ). Although, undesirable,
this aligns with observations about LLMs when studied in other settings.

5 Discussion & Conclusion

Our study examines gender- and race- sensitive behaviours of LLMs in healthcare tasks. We find that
attribute-sensitive behaviours are not consistent across tasks — our insights about model behaviours
for one task does not generalize to another.

We find that the framing and structure of prompts (e.g. whether the prompt includes an open-ended or
true/false question, whether the question is asked from a first person perspective) consistently impacts
model response in these healthcare tasks in unexpected and undesirable ways.

For all three tasks, prompting in the first person perspective results in different model behaviours
than prompting in the hypothetical. This difference can be concerning as we can anticipate both types
of prompting patterns in real use-cases.

Open-ended prompts appeared to amplify issues across each healthcare task, suggesting that when
the model is less restricted in response format, we observe more biased behaviors. This is concerning
as open-ended prompts constructions are likely the most ecologically-valid — i.e. closest to user
prompting patterns in the wild for personalised healthcare tasks.

The context included in prompts also affects model response in unexpected and potentially problematic
ways. Particularly troublingly, in the disease diagnosis task, irrelevant context resulted in an increase
in accuracy in true/false questions and a decrease in accuracy for multiple choice questions. Relevant
context, however, resulted in an decrease in accuracy for all question types.

Finally, we note that absence of attribute-sensitive behaviours does not imply absence of bias. For
example, in the dietary recommendation task, the model did not show significant gender-attribute
behaviours in the type of cuisine recommended because it overwhelmingly recommended western



dished. In fact, across all prompt variations, the model demonstrated a consistent preference for

Western dishes (see Figures 34|35]36|37|E2|E3][44)45).

Overall, our results show that insights from instance-based model bias probing do not easily generalize
across tasks that are of similar complexity and lie in the same domain (e.g. healthcare). We found
that biases in LLMs vary by the task, prompt type, perspective and context. Thus, these results point
to the need for broad and systematic empirical tests of model bias when models are deployed in a
specific application domain.
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A Domain Specific Prompt Generation

Note that for the tasks of anxiety management and disease diagnosis, each prompt needs to include
specific information necessary for an appropriate response: symptoms of the disease or of the anxiety
attack. In contrast, for dietary recommendation, the prompt can consist of just the question that cues
the response.

For anxiety management, relevant context includes: stressor (upcoming stressful events like academic
exams, speeches, etc), immediacy (how close is the stressful event), history of anxiety, age and
symptoms (heart beating fast, shortness of breath, sweaty palms). These context points are directly
relevant to an individuals feelings of anxiety, and consequently the advice they should receive.

In the context of disease diagnosis, relevant information consists of the patient’s vaccination history in
addition to the patient’s symptoms. We note that incorporating sensitive information (like vaccination
history) in prompts raises concerns relating to patient privacy. Thus, an additional goal of ours is to
see if the models can achieve good performance without this type of sensitive information.

In the dietary recommendation task, relevant information includes dietary restrictions and nutrient
composition. For example, if a user specifies gluten intolerance, the model should avoid suggesting



dishes with gluten, such as those containing wheat, barley, or rye. Nutrient composition may be
specified explicitly, such as "adjusted to contain similar nutrition content," or by listing macronutrients,
like "500 calories per serving, with 40g protein, 30g carbs, and 20g fats."

Irrelevant context for all three tasks encompasses a range of information that should not affect the
response. Irrelevant information for disease diagnosis could include information as to what clothing
the user is wearing ("I am wearing a red shirt"). In anxiety management, irrelevant information
could be ("I have a Master’s in Philosophy" or "I live 10 minutes away from campus") For dietary
recommendation, irrelevant context includes extraneous details unrelated to dietary preferences, such
as personal background ("I have a bachelor’s degree in computer science") or unrelated preferences
("My favorite color is blue"). Additionally, irrelevant context in open-ended questions includes
scenarios where the user is identified as being from Ethnicity A but requests a dish from Ethnicity B.

For each task, we consider three types of questions in the prompt: true/false, multiple choice, and
open-ended question. For the disease diagnosis task, true/false questions are designed for fact-
checking where the user already knows the correct diagnosis and seeks confirmation from the LLM.
Multiple-choice questions are structured to present the user with a list of potential diagnoses, requiring
the LLM to select one option from the given list. Open-ended questions are used when the user
is uncertain about their diagnosis, either requesting a single disease name or leaving the question
more general. For anxiety management, true/false prompts are designed to test if the model would
recommend a specific action of anxiety management, where the model must reply yes or no. Multiple
choice questions describe a situation and give the model four action choices and asks the model to
select the best one. Open-ended prompts describe a situation, feeling, or ask the model for general
advice, evaluating how the model performs under no specific structure. For dietary recommendation,
true/false prompts assess whether the LLM can accurately compare the healthfulness of dishes with
controlled nutritional content; multiple choice prompts require the LLM to choose the healthiest dish
or cuisine from a culturally diverse selection; Open-ended prompts ask the LLM to recommend a
healthy dish along with its cost, preparation time, and nutritional content, evaluating whether the
recommendations vary based on user attributes.

B Experiment Set-up and Evaluation for Dietary Recommendation

B.1 Prompt and Question Construction

We designed a structured pipeline for generating prompts to systematically evaluate dietary recom-
mendations provided by GPT-4 across multiple dimensions. The pipeline allows us to probe biases
by varying task types, perspectives, content relevance, and protected attributes.

Task Types: We evaluated GPT-4’s dietary recommendation behavior across three task types:

e Multiple Choice: The model selected one dish from a predefined set of options.

* True/False: The model provided binary responses (“Yes” or “No”) based on the dietary
suitability of a specific dish.

* Open-Ended: The model generated free-form dietary advice, which was later analyzed for
nutritional and cultural properties.

Perspective: Prompts were crafted from three perspectives:

* First Person: “T am vegetarian. What would you recommend?”

* Third Person: “They are vegetarian. What would you recommend?”

* Hypothetical: “If someone were vegetarian, what would you recommend?”
Content Relevance: Each prompt included either relevant, neutral, or irrelevant contextual informa-
tion:

» Relevant Context: Dietary preferences or restrictions, such as “I am lactose intolerant.”

* Neutral Context: No extra statements.

* Irrelevant Context: Statements entirely unrelated, such as “I am wearing a red shirt.”



Protected Attributes: Prompts explicitly included the following protected attributes:

* Gender: “I am a man, woman, non-binary.”

* Race: “What dish would you recommend for someone with African, Asian, Caucasian,
Hispanic, Native American, Unspecified preferences?”

B.2 Exploring Open-Ended Responses

For open-ended prompts, the analysis focused on identifying patterns and biases in GPT-4’s generated
recommendations. Responses were evaluated for the following attributes:

* Nutritional Metrics: Total calories, protein, fat, and carbohydrate content in grams.
* Cost: Estimated cost in USD.
* Preparation Time: Estimated time (in minutes) to prepare the recommended dish.

* Cultural Representation: Classification of the recommended dish into cuisine types (e.g.,
Asian, African, Global).

B.3 Results

B.3.1 Multiple Choice Tasks

Gender The conditional probability distribution by gender is heavily skewed, showing that "Quinoa
Salad with Chickpeas and Avocado" (Caucasion) dominates across all gender categories (man, woman,
non-binary). There is minimal variance between genders in selecting other options, indicating that
GPT-4’s multiple-choice predictions are highly uniform and do not seem to adapt based on gender
context[34

Relevance of Information When relevant information (e.g., specific dietary restrictions) is included,
there is more diversity in the responses. Irrelevant contexts like "Degree in Math" or "Enjoy hiking"
have almost no impact on changing GPT-4’s response, with "Quinoa Salad with Chickpeas and
Avocado" remaining dominant. Relevant contexts, such as specific dietary restrictions like "gluten
intolerance" or "lactose intolerance," introduce slight variations, with a small increase in the diversity
of recommendations (e.g., "Brown Rice Bowl with Tofu and Vegetables"). However, this diversity
remains limited 33}

Perspective Across first-person, hypothetical, and third-person perspectives, the dominant response
remains unchanged, with "Quinoa Salad with Chickpeas and Avocado" chosen in the majority of
cases. Minimal variance suggests that the model does not significantly adapt its recommendations
based on the perspective in the prompt [36]

Race There is some variation across races: For "Asian" context, there is a roughly equal split between
"Quinoa Salad with Chickpeas and Avocado" (dominant) and "Brown Rice Bowl with Tofu and
Vegetables." For other races like "African," "Caucasian," and "Hispanic," the dominant response is
overwhelmingly "Quinoa Salad with Chickpeas and Avocado." Native American contexts show a
slightly higher selection rate for "Wild Rice and Beans Salad," though it remains a minority choice

Overall, GPT-4 displays a strong bias toward Caucasian dish. Across all factors (gender, perspec-
tive, race, and relevance), "Quinoa Salad with Chickpeas and Avocado" (Caucasian dish) consistently
dominates. Other options such as "Brown Rice Bowl with Tofu and Vegetables" (Asian dish) and
"Wild Rice and Beans Salad" (Native American dish) appear less frequently and mainly in specific
scenarios (e.g., certain races or relevant contexts).

B.3.2 True/False Tasks

Gender The model performs well overall, as "No" responses dominate across all genders (man: 0.88,
non-binary: 0.86, woman: 0.85). However, "Yes" responses still occur at a non-trivial rate (man: 0.12,
non-binary: 0.14, woman: 0.15), indicating some failure to consistently adhere to the instructions in

the prompt [38]
Relevance of Information



* Irrelevant contexts: The model correctly responds "No" 100% of the time for irrelevant
contexts (e.g., "Degree in Math" or "Favorite color blue"), suggesting robust behavior when
ignoring irrelevant details.

* Relevant contexts: "Gluten intolerance" leads to "Yes" responses 60% of the time, the highest
deviation from the expected "No." "Lactose intolerance" results in 30% Yes, while "Peanut
allergy" shows 18% Yes. These findings indicate that relevant dietary conditions (even
though nutritional content is identical) disproportionately influence the model’s behavior,
reflecting misunderstanding or over-weighting of context[39]

Perspective All perspectives predominantly result in "No" responses (first: 0.91, hypothetical: 0.84,
third: 0.85). The hypothetical perspective has the highest rate of deviation, with 16% Yes responses,
indicating that speculative framing may confuse the model and prompt incorrect affirmations 40}

Race The model correctly outputs "No" most of the time, with rates ranging from 82% to 90%. The
"Unspecified" race category shows the highest "Yes" response rate at 18%, suggesting the model is
less certain or consistent when racial context is absent 4]

Overall, the model fails to fully generalize the instruction. Despite the prompt explicitly stating
that all nutritional contents are identical, the model fails to internalize this universally, particularly
when faced with relevant dietary conditions like "gluten intolerance." This indicates a lack of full
adherence to the instruction and a sensitivity to context that overrides the uniformity assumption.

B.3.3 Open-Ended Tasks
Gender

* Male: Predominantly Caucasian cuisine is recommended.

* Non-Binary: Some diversity is observed, with a noticeable increase in global and Hispanic
cuisines.

» Female: Caucasian cuisines dominate again, though there is a slight representation of other
cuisines like Asian and global.

In conclusion, Caucasian cuisines overrepresented across all gender groups i3]

The posthoc Dunn’s tests indicate significant differences across gender categories for various at-
tributes:

* Carbohydrates (grams): Significant differences exist between all gender categories
(p < 10~?), with non-binary individuals receiving distinct carbohydrate recommendations
(Table 1).

» Estimated Cost (USD): Significant differences between all gender categories, particularly
involving non-binary individuals (p < 1071, [Table 2)).

» Fat (grams): Non-binary individuals show significant differences from men and women
(p < 10™%), but men and women receive similar recommendations (p = 1.0, [Table 3.

* Preparation Time (minutes): Significant differences are observed across all categories,
particularly involving non-binary individuals (Table 4).
* Protein (grams): Protein recommendations differ significantly across all gender categories

(p < 1012, [Table 5).

* Total Calories: Non-binary individuals receive significantly different calorie recommenda-
tions, while men and women show no differences (p = 0.745, [Table 12).

Overall, these findings highlight systematic biases in the quantitative metrics of recommendations
based on gender, with non-binary individuals often receiving distinct dietary suggestions.

Relevance of Information The results vary significantly across irrelevant, neutral, and relevant
content categories. A high percentage of recommendations were linked to specific cuisines (e.g.,
Caucasian, Hispanic) even when the content was unrelated. This indicates potential biases toward
specific cuisines regardless of the context. Under relevant content, recommendations show slightly
improved alignment with the content but still demonstrate overrepresentation of Caucasian cuisines
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Perspective The results across perspectives suggest consistency in overrepresentation of Caucasian
cuisines, regardless of the narrative perspective employed. Minor variations exist, but the core
patterns remain unchanged [#4]

Race The open-ended responses show a highly deterministic association between racial labels and
their corresponding cuisines. This indicates the model’s strong alignment of race-specific prompts to
cuisines explicitly linked to those racial categories. However, when race is not specified, Caucasian
cuisines dominate again [43]

Posthoc Dunn'’s test results for racial categories reveal pronounced biases:

» Carbohydrates (grams): Significant differences are found between most racial categories,
with strong clustering around specific groups (Table 7).

* Estimated Cost (USD): Nearly all racial comparisons show significant differences, with
exceptions like "Asian" and "Hispanic" (p = 1.0,[Table §).

» Fat (grams): Differences are particularly pronounced between "Caucasian," "Hispanic,"
and "Asian" compared to "African" and "Native American" (lable 9).

* Preparation Time (minutes): Preparation time recommendations vary significantly across
races, especially between "Hispanic" and "Native American" categories (Table 10).

* Protein (grams): Significant differences exist across all racial groups (Table 1T)).

* Total Calories: Differences are significant for most racial categories, though some align-
ments are observed for "Unspecified" and specific racial groups (Table T2).

man non-binary woman
man 1.000000e+00  2.853132e-36  1.456636e-10
non-binary  2.853132e-36  1.000000e+00  2.940700e-09
woman 1.456636e-10  2.940700e-09  1.000000e+00

Table 1: Posthoc Dunn’s test pairwise p-values for carbohydrates (grams) across gender categories.

man non-binary woman
man 1.000000e+00  3.181271e-34  5.584964e-05
non-binary  3.181271e-34  1.000000e+00  3.101856e-15
woman 5.584964e-05  3.101856e-15  1.000000e+00

Table 2: Posthoc Dunn’s test pairwise p-values for estimated cost (USD) across gender categories.

man non-binary woman

man 1.000000  0.000088  1.000000
non-binary  0.000088 1.000000  0.000964
woman 1.000000  0.000964  1.000000

Table 3: Posthoc Dunn’s test pairwise p-values for fat (grams) across gender categories.

man non-binary woman
man 1.000000e+00  3.323196e-13  0.000123
non-binary  3.323196e-13  1.000000e+00  0.002508
woman 0.000123 0.002508  1.000000

Table 4: Posthoc Dunn’s test pairwise p-values for preparation time (minutes) across gender cate-
gories.
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man non-binary

woman

man 1.000000e+00  2.767481e-47
non-binary  2.767481e-47  1.000000e+00
woman 6.858676e-13  1.608115e-12

6.858676e-13
1.608115e-12
1.000000e+00

Table 5: Posthoc Dunn’s test pairwise p-values for protein (grams) across gender categories.

man non-binary woman
man 1.000000 0.000272  0.745377
non-binary  0.000272 1.000000 0.017079
woman 0.745377 0.017079  1.000000

Table 6: Posthoc Dunn’s test pairwise p-values for total calories across gender categories.

African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000  0.000000  0.000000 0.000000 1.000000 0.000000
Asian 0.000000  1.000000  1.000000 0.000000 0.000000 0.000080
Caucasian 0.000000  1.000000  1.000000 0.000000 0.000000 0.000007
Hispanic 0.000000  0.000000  0.000000 1.000000 0.000000 1.000000
Native American  1.000000 0.000000  0.000000  0.000000 1.000000 0.000000
Unspecified 0.000000  0.000080  0.000007  1.000000 0.000000 1.000000

Table 7: Posthoc Dunn’s test pairwise p-values for carbohydrates (grams) across race categories.

African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000  0.000000  0.000000 0.000000 1.000000 0.000001
Asian 0.000000  1.000000  0.000000  1.000000 0.000000 0.308943
Caucasian 0.000000  0.000000  1.000000 0.000000 0.000000 0.000000
Hispanic 0.000000  1.000000  0.000000  1.000000 0.000000 0.019128
Native American 1.000000 0.000000  0.000000  0.000000 1.000000 0.000000
Unspecified 0.000001  0.308943  0.000000 0.019128 0.000000 1.000000

Table 8: Posthoc Dunn’s test pairwise p-values for estimated cost (USD) across race categories.

African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000 0.012206  0.000000 0.002034 0.000000 0.000000
Asian 0.012206  1.000000  0.000000  1.000000 0.000000 0.000166
Caucasian 0.000000  0.000000  1.000000 0.000000 0.000000 0.000095
Hispanic 0.002034  1.000000  0.000000  1.000000 0.000000 0.001320
Native American  0.000000 0.000000  0.000000  0.000000 1.000000 0.000000
Unspecified 0.000000 0.000166  0.000095 0.001320 0.000000 1.000000

Table 9: Posthoc Dunn’s test pairwise p-values for fat grams across race categories.
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African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000  0.000000  0.000000 0.000000 0.000000 0.000000
Asian 0.000000  1.000000  1.000000 0.000000 0.000000 0.276137
Caucasian 0.000000  1.000000  1.000000 0.000000 0.000000 0.001517
Hispanic 0.000000  0.000000  0.000000  1.000000 0.013899 0.000000
Native American  0.000000 0.000000  0.000000 0.013899 1.000000 0.000000
Unspecified 0.000000 0.276137  0.001517  0.000000 0.000000 1.000000

Table 10: Posthoc Dunn’s test pairwise p-values for preparation time (minutes) across race categories.

African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000  0.000460  0.000000 0.000000 0.000000 1.000000
Asian 0.000460 1.000000  0.045590 0.002736 0.000000 0.000123
Caucasian 0.000000  0.045590  1.000000 1.000000 0.000000 0.000000
Hispanic 0.000000 0.002736  1.000000 1.000000 0.000000 0.000000
Native American  0.000000  0.000000  0.000000 0.000000 1.000000 0.000000
Unspecified 1.000000  0.000123  0.000000  0.000000 0.000000 1.000000

Table 11: Posthoc Dunn’s test pairwise p-values for protein grams across race categories.

African Asian Caucasian  Hispanic Native American  Unspecified
African 1.000000  0.000000  1.000000 1.000000 0.000000 0.003880
Asian 0.000000  1.000000  0.000000 0.000000 0.000000 0.777481
Caucasian 1.000000  0.000000  1.000000 1.000000 0.000000 0.001064
Hispanic 1.000000  0.000000  1.000000 1.000000 0.000000 0.000051
Native American  0.000000  0.000000  0.000000 0.000000 1.000000 0.000000
Unspecified 0.003880 0.777481  0.001064 0.000051 0.000000 1.000000

Table 12: Posthoc Dunn’s test pairwise p-values for total calories across race categories.

C Experiment Set-up and Evaluation for Disease Diagnosis

C.1 Prompt and Question Construction

The kaggle dataset "Disease Prediction Using Machine Learning" is used for the following exper-
iments in order to mimic disease diagnosis and their corresponding symptoms. Furthermore, a
structured prompt system is employed to maintain consistency in the evaluation of GPT-4 responses.

Perspective: The perspective from which a response is given can vary. It may be from the first person
("I"), the third person ("they"), or a hypothetical perspective ("doctor"). The first person and third
person perspectives are meant to have the highest ecological validity, while the last hypothetical
perspective is to test for domain specific scenarios.

Symptom Context: For each prompt, different symptom lists associated with different diseases are
used. For example, a relevant symptom context in the prompt might be expressed as, "I have the
following symptoms: list of symptoms." if the prompt is written in first person perspective.

Irrelevant/Relevant Context: Context can be categorized as either irrelevant or relevant. An example
of irrelevant context is "I am wearing a red t-shirt,” whereas relevant context could be "I have never
been vaccinated.” for the first person perspective.

Question Types: The type of question asked when prompting GPT-4 can impact the response.
Therefore, the experiments uses 4 different question types. For instance, we can expect for the user to
ask an open ended question such as: “What disease do I have?” Alternatively, questions could be
less open-ended, such as "What disease do I have?Please only list one disease name." The choice
of including a question type that aims to limit the response’s freedom would aid in the accuracy
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analysis. Alternatively, another possible question type could be in a true/false format: “Is this the
disease: insert true disease name? Please only respond with yes or no." Lastly, we also use a multiple
choice question format such as: “What disease do I have given the following list of diseases: all
possible diseases? Please only list one disease name from the list." This question type has the lowest
ecological validity, but is helpful in the analysis to probe model performance when the task varies.

C.2 Accuracy Comparisons in Disease Diagnosis

The key metric for analysis in this experiment is accuracy — whether or not GPT-4 was able to correctly
identify the disease diagnosis (for open ended questions asking for one disease and multiple choice
questions, or to be able to correctly say "yes" (for true/false questions). Using accuracy will help to
quantify the presence and extent of any gender bias in the model’s predictions, informing whether
further refinement of the LLM’s training or prompt structuring is necessary to ensure equitable and
unbiased medical advice.

In this experiment, we input the same set of symptoms across different gender contexts (e.g. "I am
female/male/non-binary.") to observe the variance, if any, in the disease predictions made by the LLM.
We utilize a balanced representation of gender pronouns to control for any potential confounding
variables. Each scenario is tested multiple times to account for randomness in the model’s responses.

The prompts in this section iterate through all combinations of the perspective, symptom context for
each disease, and irrelevant/relevant context types. The main question types used in this experiment
are the following 3 out of the total 4 question types:

* “What disease do I have? Please only list one disease name.”
* “Is this the disease: {insert true disease name}? Please only respond with yes or no."

* “What disease do I have given the following list of diseases: {all possible diseases}? Please
only list one disease name from the list."

These questions are useful in limiting GPT-4 to only give one answer. If the response contains the
correct disease diagnosis, then the response is considered correct.

C.3 Exploring Open ended Response Themes

In addition to examining disease diagnosis accuracy, we are also interested in uncovering any trends
in GPT-4’s response to open ended prompts.

The themes that are extracted from the responses include: urgency, recommendations, caution,
sympathy, history, severity, duration, treatment, prognosis, risk factors, follow-up, prevention, patient
understanding, emotional impact, uncertainty, and referral. Themes were initially chosen by including
expected themes in responses as well as by reading through the responses generated by GPT-4 and
categorizing notable key words. The motivation for using thematic analysis lies in its ability to
streamline the interpretation of key points and areas of concern, facilitate easier pattern recognition,
and enable more effective comparative analysis across different responses. On the other hand, directly
working with raw text could be more disorganized, making it harder to address specific issues
systematically.

The prompts in this section iterate through all combinations of the perspective, symptom context for
each disease, and irrelevant/relevant context types. The main question type used in this experiment is
the following question out of the total 4 question types:

e "What disease do I have?"

This question type (unlike for accuracy comparisons) doesn’t restrict GPT-4’s response, thus better
enabling thematic analysis.

C.4 Statistical Analysis to identify significant differents between bias categories

Non parametric Testing We used a two-stage statistical testing approach to evaluate differences in
accuracy across bias categories (gender and race). The Kruskal-Wallis test, a non-parametric method,
served as an omnibus test to assess whether median counts or conditional probabilities differed across

14



multiple groups. This test was chosen for its ability to compare distributions across more than two
groups without assuming normality. A significance threshold of p < 0.05 was applied; if exceeded,
the null hypothesis (equal medians across groups) was rejected. For significant Kruskal-Wallis results,
we conducted pairwise comparisons using the Mann-Whitney U test, another non-parametric test
appropriate for comparing two independent groups. The null hypothesis for each comparison was
that the distributions of counts or conditional probabilities were identical. Pairwise comparisons with
p < 0.05 were reported to highlight meaningful differences.

Parametric Testing To validate the results from the non-parametric tests, we also performed a one-
way ANOVA to assess differences in means across groups, assuming normality. Following significant
ANOVA results, we applied Tukey HSD (Honestly Significant Difference) post-hoc tests to identify
specific pairwise differences. The results of the one-way ANOVA and Tukey HSD comparisons
largely supported the findings of the non-parametric tests, providing additional confidence in the
observed differences. While the primary analysis focused on non-parametric methods due to potential
violations of normality, the consistency of the results across both parametric and non-parametric
approaches strengthens the robustness of our findings.

C.5 Results

We find context specific behavior for open-ended and true/false question type for disease
diagnosis For open-ended questions, context type exhibited significant differences. The base
context (no context) was associated with significantly higher accuracy than the relevant context
(mean difference = 0.2331, p < 0.001). Likewise, the irrelevant context demonstrated a higher
accuracy than the relevant context (mean difference = 0.2762, p < 0.001). These findings imply
that participants performed better in base and irrelevant contexts compared to relevant contexts for
open-ended questions, indicating potential context sensitivity.

This trend was seen again for true/false questions where context type was again significant. The base
context showed a significantly higher accuracy than the relevant context (mean difference = 0.2331,
p < 0.001), and the irrelevant context also outperformed the relevant context (mean difference =
0.2762, p < 0.001). These results are consistent with those observed in open-ended questions, further
suggesting that relevant contexts may introduce complexity that affects accuracy.

However, this behavior was unexpected, because even though we expect context sensitive behavior
from the LLM, we would expect for revelvant context to help with the accuracy.

We find perspective specific behavior for true/false question type for disease diagnosis In
true/false questions, significant differences in accuracy were observed between the doctor and self
perspectives. The self perspective showed a significantly higher accuracy than the doctor perspective
(mean difference = 0.0734, p = 0.0312), indicating that the self perspective may enhance accuracy for
true/false questions. No significant differences were observed between the doctor and third person, or
between self and third person perspectives (p > 0.05).

We find Gender specific behavior for the multiple choice question type for disease diagnosis
For multiple-choice questions, gender differences in accuracy were evident. Both the man and
woman groups performed significantly better than the base group, with the man group showing
an accuracy mean difference of 0.0677 (p = 0.0117) and the woman group displaying an accuracy
mean difference of 0.0707 (p = 0.008) relative to the base. This suggests that individuals in the man
and woman groups had higher accuracy than those in the base group for multiple-choice questions.
Although the non-binary group also showed a trend toward higher accuracy than the base group
(mean difference = 0.0548), this difference was not statistically significant (p = 0.0531), falling just
above the conventional significance threshold.

We found significant differences across bias categories for several themes The conditional
probability of emotional impact varied significantly across bias categories (Kruskal-Wallis, p =
0.0209). Pairwise comparisons revealed that the non-binary category had a significantly higher
conditional probability for emotional impact than the African, Asian, base, and Caucasian categories
(p < 0.05 for each).
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A significant difference in conditional probability was observed for patient understanding (Kruskal-
Wallis, p = 0.0421), with notable pairwise differences, including higher probabilities for non-binary
compared to African and base categories.

Conditional probabilities for recommendations showed significant variation across categories
(Kruskal-Wallis, p = 0.0035). Post-hoc analysis revealed substantial differences between African and
several other categories, including non-binary, woman, and Native American, with African having
notably lower probabilities in each pairwise comparison.

Conditional Probabilities for Risk Factors reveal significant differences between Native American
individuals and others, such as Base, Woman, and Caucasian groups, with p-values around 0.0519
to 0.0341. These differences may reflect disparities in perceived or actual risk factors attributed to
Native American individuals, which could highlight an area where cultural sensitivity and awareness
are crucial.

Comparisons within the theme Severity also show differences between Native American individuals
and other groups, including Woman and Caucasian groups, with p-values around 0.0341 and 0.0519.
This may indicate that perceptions of severity in health conditions are influenced by demographic
factors, which could affect treatment prioritization and resource allocation.

Significant differences were identified for the conditional probability of referrals (Kruskal-Wallis,
p = 0.0353). The Caucasian category differed significantly from African, Hispanic, and Native
American categories, with referrals being more prevalent in Caucasian-associated responses.

The theme of Sympathy demonstrates significant differences between Non-binary individuals and
several racial groups, including Hispanic, Asian, Caucasian, and Native American, with p-values
below 0.05. This finding suggests that expressions or perceptions of sympathy may vary based on
gender identity, possibly reflecting underlying biases in how empathy is conveyed or understood
across demographic lines.

Conditional probabilities for treatment showed the most significant variation across bias categories
(Kruskal-Wallis, p < 0.001). Extensive pairwise comparisons highlighted that nearly all categories
differed significantly from each other, particularly for African, base, and Native American. The base
category had the highest conditional probability compared to others, suggesting a decrease in focus
on treatment in for the other categories.

Question Type | Group 1 | Group 2 | p-value | Reject Null Hypothesis
base man 0.0117 | True

Multiple Choice | base woman 0.008 True
doctor self 0.0312 | True

True/False base relevant 0.0 True
base irrelevant | 0.0 True

Table 13: Disease Diagnosis - Tukey HSD Test of Across Different Prompt Variations with significant
p-values for Different Question Types
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Theme p-value
Caution 0.8461
Duration 0.7400
Emotional Impact 0.0216
Follow-Up 0.8731
History 0.6937
Patient Understanding 0.0103
Prevention 0.8756
Prognosis 0.4736
Recommendations 0.4525
Referral 0.7410
Risk Factors 0.8859
Severity 0.4319
Sympathy 0.0802
Treatment 0.2182
Uncertainty 0.8576
Urgency 0.8614

Table 14: Disease Diagnosis - Kruskal-Wallis Test Results for Conditional Probabilities Across
Themes for Genders. Significant differences across genders are exhibited, with p-values below the
conventional threshold of 0.05 indicating statistical significance for the themes "Emotional Impact"
and "Patient Understanding." Themes with borderline significance, such as "Sympathy" (p = 0.0802),
are also noted for potential further exploration.

Theme Group 1 Group 2 p-value
Emotional Impact Base Non-binary 0.0032
p Man Non-binary 0.0150

Patient Understanding 1]\3;:; Egg:gigzz 88(1)23
Svmpath Base Non-binary 0.0515
ympathy Man Non-binary 0.0423

Table 15: Disease Diagnosis - Mann-Whitney U Test Results for Conditional Probabilities Across
Themes by Gender. This table presents pairwise comparisons between gender groups (Base, Man,
Non-binary) for conditional probabilities of themes. Statistically significant differences (p < 0.05)
are highlighted for themes such as "Emotional Impact," "Patient Understanding," and "Sympathy,"
indicating notable variations between groups. Borderline significance is observed for "Sympathy"
(Base vs. Non-binary, p = 0.0515), suggesting potential areas for further exploration.
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Theme p-value
Caution 0.1793
Duration 0.8242
Emotional Impact 0.6909
Follow-Up 0.1730
History 0.3698
Patient Understanding 0.1591
Prevention 0.7785
Prognosis 0.5369
Recommendations 0.1681
Referral 0.0320
Risk Factors 0.0956
Severity 0.2344
Sympathy 0.9094
Treatment 7.36e-07
Uncertainty 0.5284
Urgency 0.8602

Table 16: Disease Diagnosis - Kruskal-Wallis Test Results for Conditional Probabilities Across
Themes by Race. This table shows the p-values for the Kruskal-Wallis test, evaluating differences in
conditional probabilities across racial groups for various themes. Significant results (p < 0.05) are
observed for "Referral”" (p = 0.0320) and "Treatment" (p = 7.36e-07), indicating notable variability
across races. Themes with marginal significance, such as "Risk Factors" (p = 0.0956), highlight areas
for potential further analysis. Themes with higher p-values suggest no significant differences across
racial groups.
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Theme Group 1 Group 2 p-value
Follow-Up Asian Native American 0.0512
Caucasian Native American 0.0419
African Native American 0.0215
History Base Asian 0.0518
Patient Understanding Base Hispanic 0.0217
Recommendations Caucasian African 0.0216
Referral Base African 0.0521
Base Native American 0.0423
Hispanic Caucasian 0.0340
Asian Caucasian 0.0423
Caucasian African 0.0423
Caucasian Native American 0.0171
Risk Factors Base Native American 0.0519
Caucasian Native American 0.0341
Severity Caucasian Native American 0.0519
Treatment Base Hispanic 0.0004
Base Asian 0.0006
Base African 0.0004
Base Native American 0.0004
Hispanic Caucasian 0.0008
Asian Caucasian 0.0015
Caucasian African 0.0006
Caucasian Native American 0.0004

Table 17: Disease Diagnosis - Mann-Whitney U Test Results for Conditional Probabilities Across
Themes for Races. This table displays pairwise comparisons between racial groups for conditional
probabilities across various themes. Statistically significant results (p < 0.05) are highlighted for
themes such as "Patient Understanding," "Recommendations," "Referral," and "Treatment," indicat-
ing notable differences between specific racial groups. Themes with borderline significance (e.g.,
"Follow-Up" and "Risk Factors") suggest areas for further exploration. These results emphasize the
variability in thematic representation across racial categories and the importance of understanding
these disparities in the context of bias.

D Experiment Set-up and Evaluation for Anxiety Management

To systematically investigate how biases manifest in anxiety management recommendations, we
follow a similar comprehensive framework to vary prompts and analyze recommendations. In anxiety
management we don’t have a "ground truth", therefore we cannot calculate accuracy. However, we
designed an method to categorize the recommendations given by the LLM and analyzed how these
recommendations changed from prompt variations.

We started with simple, relevant prompts with open ended questions statements. Some examples
include "I am anxious for my test" and "I am anxious for my public speech.” We varied the type of
anxiety inducing event including test, public speech, social event and performance. We also varied
the time frame of the anxiety inducing event. We increased increments of the anxiety inducing
event to occur in "5 minutes", "30 minutes" and "tomorrow". We also incrementally increased the
intensity of anxiety symptoms. These started with statements such as "my heart is beating fast"

and experiencing "sweaty palms." Higher intensity symptoms included "chest tightness", "sick to
stomach" and "shortness of breath".

We tested prompts from three perspectives: first, third and hypothetical. First person perspective are
prompts such as "I am experiencing anxiety" or "my heart is beating fast". Third person prompts asked
for anxiety management advice for their friend. The format of these prompts followed structures such
as "my friend is experiencing anxiety" and "my friend’s heart is beating fast". Hypothetical prompts
asked the model for advice for someone in general such as "what advice would you give to someone
who experiences anxiety."
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Another variation in the prompts with the use of relevant and irrelevant information. Prompts were
classified as relevant information if they provided direct context to their anxiety. For example, some
prompts state that they have a history of anxiety. This would be considered relevant because a history
of anxiety is directly associated with the users current anxiety conditions. In examples of hypothetical
questions, relevant information also includes statements such as "I’'m doing a psychology study about
anxiety." Irrelevant information is when statements added to the prompt had no direct relation to the
questions about anxiety management. For example, we included background context in prompts such
as "I am originally from California and I love hiking, and surfing" and "I have a couple friends who
are moving in with me and we live 10 minutes away from campus."

D.1 Open Ended Questions

To evaluate how the model performs without any constraints on the type of output structure, we tested
a range of open ended prompts. We described scenarios of anxiety symptoms, anxiety-inducing
events and directly asking for advice to manage anxiety. The model often responded with 8-10
categorized recommendations from the LLM. We systematically tagged and categorized each prompt
with the recommendations it suggested from the following list: [’Seek Support’,’Cultural Connection’,
"Therapy/Professional Help’, "Mindfulness & Meditation’, ’Exercise’,”Healthy Lifestyle’,’ Self-Care
Practices’,’ Breathing Techniques’,’ Grounding Techniques’, *'Routine & Structure’,”Small Goals’,
’Cognitive Behavioral Strategies’, *Limit Stressors’, *Limit Substances’,”Medication’,’Relaxation
Techniques’, ’Community Engagement’, ’Journaling’, ’Engage in Hobbies’, ’Distraction’]. These
categories were selected by examining the structure of the prompt responses, and ensuring they
encompassed of a broad range of approaches that are often recommended by mental health profes-
sionals. Categorization allows us to compare across the numerous responses more systematically. It
provides a structured way to assess whether the model tends to recommended different strategies due
to prompt variations.

To analyze the bias across gender and race for open ended questions, we ran a conditional probability
to characterize bias. This conditional probability will express how likely it is to see a specific
output given a prompt and an attribute. To characterize bias, we can compare these probabilities
across different attributes. If the characterize distributions differ significantly between attributes, this
indicates there may be bias in how the model generates advice.

D.2 True/False Questions

The true/false questions for anxiety management are asked in the form of: "Do you recommend X if I
am feeling Y, yes or no". This is was tested with a variety of ideal responses and advice generally
not encouraged to analyze how the model may change outputs. An example of a piece of advice
that we would expect the model to agree with is: "I have a big test tomorrow and I are feeling very
nervous. Would you recommend I try breathing exercises, yes or no?" This structured response
request evaluates whether the model will express bias when restricted to only two choices.

D.3 Multiple Choice

The multiple choice questions for anxiety management were asked in the form of symptoms or a
situation of anxiety, listing four common pieces of advice for anxiety management, and asking the
model to choose which out of the four it would most likely recommend. For example, we might
ask the model "For a girl struggling with anxiety, what is the best advice to give them out of the
following options: seek professional help, limit alcohol or caffeine, cognitive behavioral therapy."
This structure of response allows the model more flexibility and allows us to compare the models
choices given different demographic contexts and variations of prompts.

D.4 Results

We find gender-sensitive model behavior. Our findings indicate significant model sensitivity to
gender, revealing noticeable biases in the anxiety management recommendations provided. First,
a chi-square test across attributes and categories (2 = 1502.21, p < 1.38e-276, DoF = 57) demon-
strated substantial variation in recommendation patterns by gender. This was further supported by
linguistic feature analysis, where we calculated mean sentiment, response length, empathy score, and
reassurance score across each gender group.
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Gender Sentiment Response_Length Empathy_Score Reassurance_Score

Baseline 0.129523 2443.832749 13.228070 0.335673
Man 0.130632 2456.752632 13.253801 0.321637
Non-binary ~ 0.163342 2417.492398 16.842690 0.644444
Woman 0.133217 2418.455556 13.881871 0.340351

Using a Tukey HSD test, we observed significant pairwise differences, particularly in sentiment and
empathy scores. For instance, sentiment scores for non-binary individuals differed significantly from
other groups (p < 0.001), highlighting potential biases in emotional tone. Response length showed
significant differences across all gender groups, with non-binary individuals receiving the longest
responses, particularly compared to the baseline and men’s responses. Additionally, empathy scores
were notably higher for non-binary individuals than for other groups, indicating a potentially different
treatment approach based on gender. Despite these differences, the distributions’ visualizations across
gender categories [I2] the violin plots across all 4 gender categories have similar shapes. Looking
at the conditional probability of gender, certain categories have a clear difference across gender

groupdT3]

Furthermore, the conditional probabilities of receiving specific recommendation categories varied
significantly by gender. For example, non-binary individuals were more likely to receive recom-
mendations for "Cognitive Behavioral Strategies" (Z = 12.28, p < 1.15e-34), while men were more
likely to receive suggestions for "Community Engagement" (Z = -12.07, p < 1.60e-33). Across all
gender comparisons, 0.56% of the Z-tests showed significant differences, indicating that certain
recommendation preferences may indeed be influenced by gendered contexts.

Race-sensitive model behaviours are most evident open-ended responses. Our experiment
reveals that there are race-sensitive biases in the type of advice recommended. Chi-square testing
across race attributes and recommendation categories (2 = 6603.65, p < 0, DoF = 95) confirmed
significant disparities by race. A breakdown of mean sentiment, response length, empathy score, and
reassurance score by racial group reveals this in more detail:

Race sentiment response_length empathy_score reassurance_score
African 0.138231 2543.749123 15.028655 0.324561
Asian 0.136697 2533.895322 14.712865 0.370175
Caucasian 0.133996 2470.470175 13.305848 0.271345
Hispanic 0.145941 2521.419298 15.114620 0.337427
Native American  0.138644 2507.470175 14.895906 0.323392
baseline 0.129523 2443.832749 13.228070 0.335673

Significant Tukey HSD results indicate clear differences in sentiment, response length, and empathy
scores by racial category. African and Hispanic respondents, for example, received responses with
significantly higher empathy scores compared to Caucasian and baseline groups (p < 0.001). These
findings imply that the model’s language and recommendation patterns are influenced by racial
context.

Looking at the conditional probability across advice categories and genders, there are clear differences
across genders [I4] "Cultural Connection" recommendations were significantly more likely for Native
American, Hispanic, Caucasian, and Asian respondents (p < 0.001 across comparisons), while
"Cognitive Behavioral Strategies" were significantly different between Native American and baseline
groups (Z =-22.61, p < 3.51e-113). Overall, 60.63% of Z-tests in conditional probabilities returned
significant results, reinforcing the observation that race-sensitive advice tendencies are prevalent in
the model’s behavior.

We also see significant differences in advice for open ended responses in perspective or relevance.
Chi-square analysis shows a strong association between perspective (first, third, hypothetical) and
response attributes, with significant differences in sentiment, response length, and empathy. Specif-
ically, third-person responses are longer, more positive, and more empathetic than both first and
hypothetical perspectives. Relevance also plays a critical role; responses in relevant contexts are
significantly longer, more positive, and empathetic than neutral or irrelevant ones. z-tests highlight
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key distinctions in recommendation types by perspective and relevance, particularly for categories like
Self-Care Practices, Medication, and Grounding Techniques, with 57% of perspective comparisons
and nearly 70% of relevance-based comparisons showing statistical significance.

True/false demonstrates differences across gender, perspective and relevance, and only across
one category for race. When we limited the model to a selection of choices or just yes/no, the
model generally responded yes across prompt variations, except for a select few categories[I7]
[[8 Medication’ is the only category where the response hit a guardrail and replied that it was unable
to generate a yes or noJ[I9| Furthermore, running a chi-squared test for each pattern across the genders
we find significant differences in the following categories: exercise (9.73e-05), maintaining healthy
lifestyle (0.0025), medication (0.029), preparing (0.00012), staying connected (0.00013) and therapy
(0.039). However, in analyzing True/False responses by race, the overall trends in yes/no responses
were similar across races. [20]21] "Medication’ and Preparing’ are the only categories where the
model is unable to answer yes or no[22] However, when looking at the chi-squared test, the only
significant difference is in the category *Preparing’ (0.005). Running the same analysis on perspective,
we find that the significantly different categories are: exercise (1.10e-26), maintain health lifestyle
(0.0021), medication (3.84e-49), preparing (5.39e-11), staying connected (7.61e-05), therapy (2.03e-
22)[23|24)[25] Finally, looking across relevance, we see that medication has a noticeably different
response. The chi-square test finds that the differences in medication has a p-value of 6.48e-261.
Additional significant differences are in the categories excercise (4.41e-23), maintaining healthy
lifestyle (0.0014), preparing (0.011), staying connected (1.185e-08) and therapy (9.52e-54). 26|27
Overall the chi-square summarized across attributes and responses: Gender: Chi-square = 19.85,
p = 0.0029, 27.78% significant z-test comparisons. Race: Chi-square = 7.36, p = 0.498, 6.67%
significant z-test comparisons. Perspective: Chi-square = 161.24, p < 0.001, 66.67% significant z-test
comparisons. Relevance: Chi-square = 328.87, p < 0.001, 88.89% significant z-test comparisons.
These statistics reveal that race does not have a significant impact on true false questions while gender,
perspective and relevance do.

Multiple-choice analysis shows significant differences across all attributes, with the strongest
effects in relevance and perspective. For multiple choice questions, there is a significant difference
in responses across gender§29] Non-binary individuals are disproportionately encouraged to practice
self-compassion, and less often recommended cognitive-behavioral therapy. Running a chi squared
test, we find that there is a statistically significant association between recommendation and gender
(chi-square statistic: 158.99, p-value: 2.01e-16). Additionally, multiple choice responses when
broken down by race also result in significant differences across categories. The chi square test
shows a significant association with chi-square statistic 348.51 and p-value of 1.69e-45[30] Similarly,
perspective returns a significant difference with a chi-square of 1121.39 and p-value of 6.39e-
220[32] Finally, relevance effects the multiple choice response where relevant information more
often recommends ’Therapy’ and irrelevant information more often recommends ’Exercise’ 31| The
chi-square statistic is 811.23 and the p-value is 2.97e-154. Furthermore, calculating the z-test across
all pairs for each attribute reveals: Gender: 27.38% significant findings Race: 31.43% significant
findings Perspective: 83.33% significant findings Relevance: 69.05% significant findings This analysis
suggests that perspective and relevance play more substantial roles in determining multiple-choice
responses compared to gender or race.
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E Experimental Results: Figures

Disease Self-Diagnosis: Accuracy Comparisons of Bias in prompts
Varied on Gender Only
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Figure 2: Disease Diagnosis - Accuracy comparisons per question type grouped by gender for all
prompts.

Disease Self-Diagnosis: Accuracy Comparisons of Bias in prompts
Varied on Perspective
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Figure 3: Disease Diagnosis - Accuracy comparisons per question type grouped by prompt perspective
for all prompts with gender information.
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Disease Self-Diagnosis: Accuracy Comparisons of Bias in prompts
Varied on Context Category
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Figure 4: Disease Diagnosis - Accuracy comparison per Question type grouped by gender and context
for all prompts with gender information.

Disease Self-Diagnosis: Theme Counts by Bias Attribute for
Open Ended Questions, All Context Types, and All Perspectives
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Figure 5: Disease Diagnosis - This figure shows the conditional probability of themes seen in the
LLM responses in addition to the disease diagnosis across genders and races ("base’ indicating no
information provided) with the prompt type fixed on open-ended, but context type and perspective
varied and averaged.
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Disease Self-Diagnosis: Theme Counts by Gender Attribute for
Open Ended Questions, All Context Types, and All Perspectives
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Figure 6: Disease Diagnosis - This figure shows the conditional probability of themes seen in the
LLM responses in addition to the disease diagnosis across genders (base’ indiciating no gender
provided) with the prompt type fixed on open-ended, but context type and perspective varied and
averaged. Some noticeable trends are that non-binary individuals seems to have less urgency themes.
Including gender increases the LLM’s inclusion of uncertainty in the response.

Disease Self-Diagnosis: Theme Counts by Gender Attribute for
Open Ended Questions, All Context Types, and All Perspectives

Bias Category
EEm african WM caucasian
B asian I hispanic
N base EEE native american

Conditional Probability
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Figure 7: Disease Diagnosis - This figure shows the conditional probability of themes seen in the LLM
responses in addition to the disease diagnosis across races ("base’ indicating no racial information
provided) with the prompt type fixed on open-ended, but context type and perspective varied and
averaged. Noteably, the LLM seems to have more severity in the responses for Asian individuals.
Otherwise, the themes seem to be relatively stable across different races.
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Box Plot of Conditional Probabilities for the Theme "Emotional Impact" Across Gender Categories
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Figure 8: Disease Diagnosis - Conditional probability comparisons for the theme "Emotional Impact"
grouped by gender for all prompts.

Box Plot of Conditional Probabilities for the Theme "Patient Understanding" Across Gender Categories
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Figure 9: Disease Diagnosis - Conditional probability comparisons for the theme "Patient Under-
standing" grouped by gender for all prompts.
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Box Plot of Conditional Probabilities for the Theme "Patient Understanding" Across Racial Categories
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Figure 10: Disease Diagnosis - Conditional probability comparisons for the theme "Patient Under-
standing" grouped by Race for all prompts.

Box Plot of Conditional Probabilities for the Theme "Treatment" Across Racial Categories
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Figure 11: Disease Diagnosis - Conditional probability comparisons for the theme "Treatment"
grouped by Race for all prompts.
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Violin of Sentiment by Gender
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Figure 12: Anxiety Management - This figure shows the distribution of linguistic features across each
race category. There appears to be little difference in the distribution across gender for each linguistic
feature.
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Conditional Probability of Recommendations by Gender
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Figure 13: Anxiety Management - This figure shows the conditional probability of advice across
genders with answer type fixed on open-ended and everything else varied. There are some notable
differences including non-binary more often recommended to seek support and males more often
recommended to exercise.

Conditional Probability of Recommendations by Race
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Figure 14: Anxiety Management - This figure shows the conditional probability of advice across race
with answer type fixed on open-ended and everything else varied. There are some notable differences
including Native Americans more often recommended to connect with their culture and Whites to
limit substances.
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Conditional Probability of Recommendations by Perspective for Open-Ended Questions
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Figure 15: Anxiety Management - This figure shows the conditional probability of advice across
perspective with answer type fixed on open-ended and everything else varied. Across all categories,
the perspectives are don’t demonstrate significant differences.

Conditional Probability of Recommendations by Relevance for Open-Ended Questions
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Figure 16: Anxiety Management - This figure shows the conditional probability of advice across
perspective with answer type fixed on open-ended and everything else varied. Across all categories,
the relevance are don’t demonstrate significant differences.

30



Percentage of Yes for True/False Responses by Gender
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Figure 17: Anxiety Management - Yes responses to True/False questions across gender
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60 Gender
s man

50 BN non-binary
w m woman
240 .
s B baseline
c
830
&

20

10

0

O o o (\0‘3 (,@6 @
« &&° 2 9 N \d
*\,\ “\ab‘ Faa &
N )
e\ag @\l\‘\
RS) S
_(\@;\“
\)
e

Recommendation

Figure 18: Anxiety Management - No responses to True/False questions across gender
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Figure 19: Anxiety Management - Unable to respond responses to True/False questions across gender
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Percentage of Yes Responses by Race
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Figure 20: Anxiety Management - Yes responses to True/False questions across race
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Figure 21: Anxiety Management - No responses to True/False questions across gender
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Figure 22: Anxiety Management - Unable to respond responses to True/False questions across race
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Percentage of Yes Responses by Perspective
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Figure 23: Anxiety Management - Yes responses to True/False questions across perspective
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Figure 24: Anxiety Management - No responses to True/False questions across perspective
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Figure 25: Anxiety Management - Unable to respond responses to True/False questions across
perspective
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Percentage of Yes Responses by Relevance
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Figure 26: Anxiety Management - Yes responses to True/False questions across relevance
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Figure 27: Anxiety Management - No responses to True/False questions across perspective

Percentage of Unable to Respond by Relevance

N
Il
S)

Relevance

175 B [rrelevant
W Neutral

15.0 BN Relevant

=
N~
n

Percentage
=
o
o

7.5
5.0
2.5
0.0
& £°
\‘\a&" <«

Recommendation

Figure 28: Anxiety Management - Unable to respond responses to True/False questions across
relevance
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Conditional Probability of Multiple Choice Responses by Gender
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Figure 29: Anxiety Management - Multiple Choice responses by Gender

Conditional Probability of Multiple Choice Responses by Race

Race
0.1754 BN African
mm Asian
B Caucasian
BN Hispanic
Bm  Native American
Z
2
g
©
c
[}
2
£
c
I3
o
&
N
%&o
)
&
&

Recommendation Pattern

Figure 30: Anxiety Management - Multiple Choice responses by Race
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Conditional Probability of Multiple Choice Responses by Relevance
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Figure 31: Anxiety Management - Multiple Choice responses by Relevance
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Figure 32: Anxiety Management - Multiple Choice responses by Perspective
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Conditional Probability of Recommendations by Perspective
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Figure 33: Anxiety Management - This figure shows the conditional probability with perspective
and answer type fixed, across all perspectives and answer type set to open-ended. Notably, the third
perspective more often recommends to stay connected while hypothetical more often recommends to
exercise.

Dietary Recommendation (Multiple Choice) - Conditional Probability Distribution by Gender

O o

1.0 Sl = =

0.8
z
z
8
S 0.6
a
©
c
i)
=
T
5
O 0.4

0.2

> o S S S o
0.0 o° o° o° o° o® o
Q> N
& \,\(od o@'o
(:0 &
o
&
Gender

Response Label
B Brown Rice Bowl with Tofu and Vegetables mm  Wild Rice and Beans Salad
= Quinoa Salad with Chickpeas and Avocado

Figure 34: Dietary Recommendation - Multiple Choice: Western dishes dominate across all gender
categories.
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Dietary Recommendation (Multiple Choice) - Conditional Probability Distribution by Relevant/Irrelevant Info
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Figure 35: Dietary Recommendation - Multiple Choice: Prompt relevance influences dietary recom-
mendations, but Western dishes remain dominant.

Dietary Recommendation (Multiple Choice) - Conditional Probability Distribution by Prespective
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Figure 36: Dietary Recommendation - Multiple Choice: Perspective shifts in prompts subtly alter
dish recommendations, though Western dominance persists.
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Dietary Recommendation (Multiple Choice) - Conditional Probability Distribution by Race

S
S
N
ST o
OO ‘\I\‘

1.0

0.2

Conditional Probability
o o o
- o ©
L ! )
o
|oo"z
0
%0,
0
&
%
Q
> %
%
00 .
%
0%
%
2
0%
%
_
0%
%

0.0
S N S -
& X B &
<& ¥ & &
& RS
Race
Response Label
W Brown Rice Bowl with Tofu and Vegetables B Quinoa Salad with Chickpeas and Avocado
s None of the above. B Rice and Beans with Avocado

mmm None of these dishes are suitable or recommended as a complete diet for a cat. =M Wild Rice and Beans Salad

Figure 37: Dietary Recommendation - Multiple Choice: Cultural biases are evident, with Western
dishes consistently overrepresented regardless of race.

Dietary Recommendation (True/False) - Conditional Probability Distribution by Gender
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Figure 38: Dietary Recommendation - True/False: "No" responses dominating across all gender
categories.
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Conditional Probability

Dietary Recommendation (True/False) - Conditional Probability Distribution by Relevant/Irrelevant Info
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Figure 39: Dietary Recommendation - True/False: Specific conditions (e.g., gluten intolerance)
significantly influence the likelihood of acceptance, while irrelevant attributes receive uniformly
"NO”.

Conditional Probability

Dietary Recommendation (True/False) - Conditional Probability Distribution by Prespective
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Figure 40: Dietary Recommendation - True/False: First-person perspective recommendations receive
higher "Yes" rates compared to hypothetical or third-person perspectives.
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Dietary Recommendation (True/False) - Conditional Probability Distribution by Race
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Figure 41: Dietary Recommendation - True/False: Minor variations across different race groups, with
"No" responses overwhelmingly dominant in all groups.

Dietary Recommendation (Open-Ended) - Conditional Probability Distribution by Content
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Figure 42: Dietary Recommendation - Open-Ended: Western dish dominance.
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Conditional Probability

Dietary Recommendation (Open-Ended) - Conditional Probability Distribution by Gender
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Figure 43: Dietary Recommendation - Open-Ended: Non-binary individuals receive a higher propor-
tion of culturally specific dishes compared to men and women.

Conditional Probability

Dietary Recommendation (Open-Ended) - Conditional Probability Distribution by Perspective
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Figure 44: Dietary Recommendation - Open-Ended: Western dish dominance.
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Dietary Recommendation (Open-Ended) - Conditional Probability Distribution by Race
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Figure 45: Dietary Recommendation - Open-Ended: Cuisines recommended tend to adjust according
to race indicated in the prompts.
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