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Introduction: Virtual simulations have been used in various healthcare fields to 
enhance knowledge and technical skills. Few focus on enhancing personal skills 
like cultural responsiveness. The purpose of this study was to assess the feasibility 
of using virtual simulations to enhance cultural responsiveness among nutrition and 
dietetic undergraduate students.

Methods: Two virtual simulations were developed using Dialogflow and Synthesia 
software. Both simulations had virtual agents who had chronic kidney disease and 
another chronic condition and were considered diverse - financial status, age, 
gender, and race/ethnicity. Content matter experts reviewed the scenarios and 
potential questions that a student would ask and the responses for accuracy and 
relevance. Nutrition and dietetic undergraduate students (n = 55) completed a 
5-item open-ended survey regarding ease, difficulty, likes, dislikes, improvements 
of the simulations, and a closed ended question on a 5-point Likert scale towards 
agreement with cultural responsiveness. NVivo v14 was used to analyze the 
transcripts from the interaction with the agents and the responses from the survey 
using conceptual content analysis.

Results: Participants indicated that the two simulations were easy to use. Some 
difficulties identified were the inability to get a response from the agents. From 
the transcript analysis, the main themes that participants asked the virtual agents 
were focused on lifestyle, eating habits, finances, and general medical. Participants 
(72%) agreed/strongly agreed that their cultural responsiveness improved.

Conclusion: Virtual simulations may be a method to enhance cultural 
responsiveness. Further research should be conducted to determine if these virtual 
simulations help students apply cultural responsiveness when working with clients.
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1 Introduction

Racial and ethnic diversity within the United States continues to expand, with the largest 
growth observed among Hispanics/Latinos, Asian Americans, and individuals of mixed 
ethnicities (Jensen et  al., 2020). Beyond this increase in racial and ethnic diversity, the 
population is also aging; in 2021, 16.8% of the population was over the age of 65 years, 
compared to 13% in 2010 (Agency for Healthcare Research, 2023). Moreover, there was a 
decline in household income, especially among Hispanics/Latinos and Asian Americans, with 
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a rising number of Hispanics/Latinos and African Americans living at 
poverty level (Shrider et al., 2020). Furthermore, health disparities 
among all age groups still exist for certain ethnic/racial groups, sexes, 
geographical locations (rural), socioeconomic statuses, and health 
professionals (Agency for Healthcare Research, 2023). Social and 
health disparities are contributing to higher rates of 
non-communicable diseases such as diabetes, cardiovascular disease, 
obesity, kidney disease, and certain types of cancer (e.g., the breast and 
colon) (Benavidez et al., 2024) due to many factors, which include 
poor nutritional quality.

In the healthcare setting, it is essential that practitioners within all 
fields—physicians, nurses, social workers, dietitians, and others—
communicate and provide appropriate treatment to diverse 
populations. In the dietetic field, to achieve a higher standard of care 
for diverse populations, the Accreditation Council for Education in 
Nutrition and Dietetics (ACEND) has required all accredited dietetic 
programs, undergraduate and graduate, incorporate methods to 
enhance cultural responsiveness. Cultural responsiveness is the 
capacity to provide patient-centered care to individuals, despite 
differences in ethnicity, language, worldview, health beliefs, sexual 
orientation, religion, and a host of other individual, family, and social 
variables (Illes et  al., 2015). Beaulieu and Jimenez-Gomez (2022) 
suggested that aspects of cultural competence, knowledge, awareness, 
and skills be considered for cultural responsiveness. Knowledge is 
focused on acquiring information about another person’s culture and 
identifying how it impacts their experiences. Awareness is the ability 
to discriminate and consider one’s own culture and biases. The skills 
are the ability to utilize information about a person’s culture to provide 
tailored care. Overall, a practitioner must not only be  cognitively 
aware of the person’s culture but also respond appropriately 
(Campinha-Bacote, 2018; Campinha-Bacote, 2011; Campinha-Bacote, 
2002; Alexander, 2008).

Based on a cross-sectional study, undergraduate dietetic students 
(n = 187) indicated they were provided several cultural activities 
within courses, such as designing menus for racially/ethnically diverse 
groups, completing case studies on diverse populations, and 
presenting on nutrition in cultural groups to enhance their cultural 
responsiveness (Andrade, 2019). Even though exposing dietetic 
students to these cultural activities may expand their knowledge, 
attitudes, and beliefs toward culture, limited focus has been on 
evaluating their cultural responsiveness during a counseling session 
and the subsequent impact on their clients’ health outcomes. One 
method may be to expose students to simulated clients (actors) to 
practice their counseling skills in a safe environment (Stephenson 
et al., 2015; Horrell and Andrade, 2018; Gibson and Davidson, 2016). 
Although, for the students to obtain a realistic experience, extensive 
training needs to take place with these simulated clients (Miller et al., 
2011). A study showed that even when students (n = 8) counseled a 
graduate student who role-played as diverse clients (age, gender, 
ethnicity, and socioeconomic status) with various diseases (gastritis 
and liver cirrhosis), results showed students had limited cultural 
responsiveness (Horrell and Andrade, 2018). A strategy to assess 
cultural responsiveness during counseling is through a virtual 
simulation. Virtual simulations have been used in medical education 
to aid students in enhancing their knowledge, motivation, and skills 
to solve real-world problems (Gibson and Davidson, 2016; Adams 
et  al., 2010; Zick et  al., 2007). Despite its popularity in today’s 
technological world, virtual simulations are not mainstream, especially 

for enhancing cultural responsiveness. Thus, the purpose of this study 
was to assess the feasibility of using virtual simulations to enhance 
cultural responsiveness among nutrition and dietetic 
undergraduate students.

2 Methods

2.1 Development of virtual simulations

In a kidney practicum class that the researchers, JMA and KH, 
facilitate, graduate dietetic students complete six paper-based case 
studies of culturally diverse adults with varying stages of kidney 
disease and other co-morbidities to assess their counseling abilities. 
These case studies were adapted from the National Institutes of 
Diabetes and Digestive and Kidney Diseases, with incorporation of 
the researcher’s, JMA, experience working with adults with kidney 
disease. From these case studies, the researchers chose two to convert 
to virtual simulations to assess the feasibility of capturing cultural 
responsiveness as these are generally the first two the students are 
exposed to in the practicum due to limited comorbidities and 
complexities and who were considered diverse in ethnicity, gender, 
socioeconomic status, and dietary habits.

These virtual simulations were designed using the Healthcare 
Simulation Standards of Best Practice™. These standards were 
initially designed to improve the training and education of nurses and 
other healthcare practitioners through traditional education methods 
(e.g., classroom). However, with the expansion of simulations to train 
and educate healthcare practitioners, these standards incorporated 
best practices for these such as consulting with content experts, using 
realistic scenarios, and piloting and testing these simulations before 
implementation (Watts et al., 2021). Furthermore, these standards are 
in place to ensure that these simulations are creating a readiness for 
clinical practice and improving the quality of patient care and safety. 
Virtual People Factory (VPF), which uses Google DialogFlow, was the 
platform used to build these simulations. VPF is an educational tool 
for health professional students to practice basic interviewing skills 
(Rossen et al., 2009). VPF uses a web-browser interface through which 
users interact with virtual agents using a text-based chat mechanism 
similar to online chat interfaces. The researchers, JMA and EH, 
designed the virtual agents to respond to potential questions that a 
student may ask during the counseling session, including broad topics 
such as social, general medical, and dietary. Based on the questions 
asked, VPF is programmed to respond based on a priori defined 
intents for each virtual agent. Specific intents included preparation 
and cooking of foods, purchasing foods (e.g., shopping at international 
food stores), traditional spices/foods consumed, availability and access 
to foods, etc. These potential questions that a student may ask and 
responses from the virtual agents were reviewed by six content matter 
experts (three registered dietitian nutritionists, one social worker, and 
two nurses) who provided additional questions and responses. Thus, 
a total of 298 potential versions of questions, ranging from 4 to 14 
questions per intent, for a total of 32 responses that an agent would 
provide to the students, were embedded within the simulations 
(Table 1). Each response had an encoded video of the agent speaking 
with captions and a transcript chat box. After the DialogFlow intents 
and responses were loaded into the software, it was exported to 
Synthesia, an AI video creation platform, to produce the videos. When 
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TABLE 1 Intents, potential questions, and abbreviated responses from simulations.

Intents Examples of potential questions that 
a participant may ask

Simulation – male 
agent – abbreviated 
responses

Simulation – female 
agent – abbreviated 
responses

Dietary habits

Appetite Have you been feeling full/satisfied after meals; How 

has your appetite been recently

Hungry all the time but eating less, 

gets full quickly but is not satisfied

School lunch is small portions, 

afternoon snack, hungry

Chewing Do you have any mouth pain; Do you have any 

chewing difficulty

No chewing problems No chewing problems

Comfort foods* Do you eat any comfort foods; What is your favorite 

food

Likes pupusas Salty fried foods, gumbo, hush 

puppies

Diet* What has your diet been like recently; what is your 

typical diet

Fried foods, no veggies, most fruits 

are liked, meat is weird

Fried foods, low sodium, artificial 

sweeteners

Dietary restrictions* Do you have any food allergies; Do you avoid any 

particular foods

Low sodium diet Low sodium diet

Mealtime* Does your culture value eating together; What is 

mealtime like for your family

Eats with wife, eats with extended 

family on weekends

Lunch with school faculty, late dinners 

with husband

Number of meals How many meals do you eat in a day; How many meals 

do you normally eat

Breakfast, lunch, dinner, no snacks 3 meals and some snacks, lost some 

weight

Social history (living habits, personal interactions, etc.)

Accessibility of food Do you have access to food; Can you get to the store to 

buy food regularly

Grocery store, neighbor’s orange trees Grocery store

Accessibility of transport Do you have access to transportation; How did you get 

here

One car, not very reliable, sometimes 

takes the bus

2 cars

Eating out* How often do you eat out; On what occasions do 

you eat out

Only eat out for special occasions Eat out once a week and special 

occasions

Family dynamic* What does your family look like; What is your family 

support system like

Wife takes care of him, she pushes 

him to take meds

Husband motivates her, takes care of 

elderly father

Finances Do you have any concerns about your finances; Are 

you able to pay your bills each month without worry

Wife does not work—housewife, tight 

budget, he works

Works as a teacher, dual-income, able 

to pay bills

Housing What is your living situation; How accessible is your 

neighborhood for walking

Not the best neighborhood, streets 

need repairs, lock your car

Stairs

How frequently do you go 

grocery shopping

How often do you go grocery shopping; Do you shop 

for groceries

Once a week grocery shopping, wife 

shops

Husband takes care of the groceries

How to pay for food Do you receive any government assistance for food; Do 

you receive SNAP or WIC benefits

Walmart, latin grocery markets, used 

to be on SNAP but not anymore

Enough income to afford food, eat out 

once a week

Languages* What is your preferred language; Do you prefer to read 

in another language

English but speaks Spanish at home English speaking

Medical history

Dietary supplements* Do you take vitamins; Do you take any herbal 

supplements

No supplements Some vitamins

Digestion Have you been experiencing any digestion problems; 

Have you had any abnormal bowel movements

No digestion problems, turned off to 

the smell of meat

Bloated and tired after meals

Health conditions Do you have any health conditions; do you have a 

history of any illnesses

Kidney disease, possible kidney 

failure, does not take meds regularly, 

lost 20 pounds last month, untreated 

diabetes

Pre-diabetes, hypertension, chronic 

kidney disease

Health food restrictions* Do you eat a certain way for health reasons; Do 

you refrain from eating any foods

No diet but limiting sodium No diet but limiting sodium

Medications What medications do you take; What type of 

medication do you take

Not taking prescribed medications Baby aspirin, cholesterol and blood 

pressure meds

(Continued)
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students asked a question to the agents, if the question triggered an 
intent, the agents would respond with a recorded video answer. Each 
intent response had its own video. Closed captioning was present 
during the videos, and the student was given a transcript of the 
response in the main chat box (Figures 1, 2). Additionally, each time 
an intent was triggered, the interview progress bar would grow by one 
section in one of four specific bar categories, including social, general 
medical, lifestyle, and dietary habits. As intents were triggered, the 
student was able to keep track via the discovery box. This box 
contained short summaries of each previously triggered intent. It is 
important to note that the student was not required to find all the 
possible intents when interacting with the agents. The same content 
matter experts who reviewed the potential questions participated in 
these simulations to provide feedback on modifications prior to 
piloting this to students.

2.2 Setting and sample

The feasibility study was conducted in November 2023–February 
2024 with upper-level undergraduate nutritional sciences and dietetic 
students. An email was sent to faculty (n = 4) within the Food Science 
and Human Nutrition department at the University of Florida who 
teach either a Medical Nutrition Therapy course or a Nutrition and 
Metabolism course to recruit students to interact with the virtual 
simulations. These courses were chosen as they are upper-level 
divisions in which students, who major in nutritional sciences with 

sub-classification of pre-medical, pre-dental, pre-physician assistant, 
or dietetics, either had or were concurrently exposed to a counseling/
communication class. For students who expressed interest in 
participating in the study (n = 90), the researcher, EH, provided 
participants with a mock medical chart for the virtual agents, 
instructions on accessing the virtual simulations and completing the 
surveys. Participants were instructed to type in questions for the 
virtual agents as if they were counseling a live person based on the 
medical chart provided to them and to spend at least 20 min on these 
simulations. Even if the questions they typed were not answered by 

TABLE 1 (Continued)

Intents Examples of potential questions that 
a participant may ask

Simulation – male 
agent – abbreviated 
responses

Simulation – female 
agent – abbreviated 
responses

Received other nutrition 

advice*

Where do you get nutrition advice; Have you received 

any other nutrition advice

Doctor—decrease sodium, family—

drink diet soda

Doctor – decrease salty foods

Sleeping/fatigue What does your sleep schedule look like; Are you tired 

during the day

Works outside and is alert all day Very tired due to long hours and 

taking care of elderly father, some 

difficulty sleeping

Swallowing Have you had any food get caught in your throat; Do 

you have any difficulty swallowing

Swallowing is good Swallowing is good

Lifestyle (physical activity, customs, etc.)

Cooking* Who cooks in your family; who prepares food Wife cooks Husband cooks, gets school lunch

Employment What do you do for a living; Are you employed Works in agricultural fencing, long 

hours, ok pay

Fifth grade teacher, brings her joy

Exercise type What type of exercise do you do; How do you workout No energy to workout 15-min daily walks

How is food prepared* Do you prepare food at home; How do you cook your 

food

Baking, stews, corn oil (fried foods) Fried foods that contain salt

Level of activity/exercise How often do you exercise; Do you exercise No physical activities aside from work 15-min daily walks

Spices/food additives* Do you use spices while cooking; Do you rely on spices 

to upload traditions in cooking

Adobo and sazon (high in salt) Biscuits and gravy, black pepper and 

cayenne—these are becoming less 

tolerable

Traditional beverages* What beverages do you consume regularly; What do 

you drink with meals

Beers with family, diet soda, coffee, 

tea, acerola juice (family meaning)

Coffee, water, some juice and soda, 

sweetens beverages with sugar

Traditional foods* What cultural foods do you eat; are there any family 

recipes you cook often

Homemade refried beans and tortillas Fried foods with salt

* indicates cultural responsiveness intents; SNAP, Supplemental Nutrition Assistance Program; WIC, women, infants, and children.

FIGURE 1

Virtual people factory male agent for the simulation.
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the virtual agent, they were instructed to continue interacting with 
the agents. Participants were informed that their questions and the 
responses from the virtual agents would be downloaded as transcripts 
for the researchers to analyze. Students completed a survey after 
interacting with each agent. For each survey, students identified their 
gender, ethnicity, and whether they were a nutritional sciences or 
dietetics major, as well as the order in which they completed the 
virtual simulation, five open-ended questions, and a question based 
on a 5-point Likert scale. The five open-ended questions were focused 
on the ease of using the simulations, difficulty of using the 
simulations, likes about the simulations, dislikes about the 
simulations, and improvements for the simulations. The 5-point 
Likert scale question was focused on the participants’ level of 
agreement (1 = strongly disagree to 5 = strongly agree) if the 
simulations changed their cultural responsiveness. The study was 
approved by the UF Institutional Review Board (IRB #202301389), 
and students consented by agreeing to participate by clicking on the 
simulation links.

2.3 Statistical analysis

The transcripts from the virtual simulation interactions were 
downloaded and transcribed word for word into Excel v2307 before 
being uploaded into NVivo v14. These transcripts were analyzed by 
two independent coders, JMA and EH, who were trained in this area, 
using the conceptual content analysis methodology to identify 
common themes based on frequency (Garrison et al., 2006). In the 
content analysis method, both qualitative and quantitative techniques 
can be used to analyze the information to enhance the quality of the 
phenomena being studied (Bengtsson, 2016; Morgan, 1993; Berg, 
2001). The two researchers separately read all transcripts from each 
interview and developed initial coding schemes. A process of 
rereading data, redefining existing codes, and developing new codes 
took place until a final codebook was agreed upon for each data set. 
Once the themes were established, the researchers identified the 
frequency. Means were identified for time spent in the simulations, the 
number of interactions, the number of intentions achieved, and error 
(i.e., agents that did not respond or responded incorrectly). 
Furthermore, responses from the open-ended questions about likes, 
dislikes, ease, and difficulties were analyzed similarly to the transcripts. 

The Likert scale question was presented as a mean and standard 
deviation using Excel. A paired t-test was run to determine if there 
were differences in cultural responsiveness from each 
virtual simulation.

3 Results

3.1 Participant characteristics

From the initial interest expressed by potential participants, 
transcripts from the interactions with the virtual agents indicated a 
total of 63 who completed the female virtual simulation and 58 who 
completed the male virtual simulation. Participants, on average, spent 
27 min with the female virtual agent, interacted with the agent at least 
16.9 times, triggered 11 intents, and received 2.9 error messages. For 
the male agent, participants spent an average of 23 min, interacted 
with the agent at least 17.9 times, triggered 10 intents, and received 3.0 
error messages. A total of 55 participants completed both surveys, in 
which 64% were nutritional sciences majors, 53% were female 
participants, 45% were white non-Hispanic, and 89% completed the 
female agent first (see Table 2 about demographics).

3.2 Survey results

From the open-ended responses, participants indicated that the 
simulations were easy to use, and they enjoyed them as they had to 
think of the questions to ask, as opposed to a paper-based case study 
or even a role-playing interaction in which the questions need to 
be approved before interaction. Improvements for these simulations 
included having the agents respond to more questions and providing 
more hints on how to ask questions due to error messages or that the 
agent did not respond. Combining the perceived cultural 
responsiveness from both surveys, participants (72%) agreed/strongly 
agreed that their cultural responsiveness improved after interacting 
with these simulations, with a mean score of 2.9 ± 0.9. The results 
from a paired t-test indicated a significant difference in scores between 
the male agent (M = 3.3, SD = 0.9) and the female agent (M = 2.8, 
SD = 0.9), t(45) = −8.37, p < 0.001 (Table 3).

3.3 Virtual simulation transcript results

After reviewing the participants’ transcripts, themes and frequencies 
were identified. The themes that emerged were lifestyle, finances, dietary/
eating habits, and general medical, in which 96.2% of participants asked 
these. From the 15 intents (46.9% of total intents) in which participants 
could have asked questions about culture, only 3.8% of questions were 
focused on traditional foods and beverages consumed and spices and 
other traditional ingredients used to prepare foods (Table 3).

3.3.1 Lifestyle
The most frequently asked question was focused on the type of job 

or if the agent was employed (66 times asked; 60%), with the second 
frequent question was the level of activity and/or exercise type (65 
times asked; 55.5%), with finally the family dynamic–social support 
and living arrangements (36 times asked; 32.7%).

FIGURE 2

Virtual people factory female agent for the simulation.
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3.3.2 Finances
The most frequently asked question was about income in general (20 

questions; 18.2%), and the subsequent frequently asked questions were 
ability to access healthcare (14 questions; 12.7%), ability to pay for food 
(10 questions; 9.0%), residence—house, apartment, owner, or renter (7 
questions; 6.0%), and frequency of purchasing groceries (7 
questions; 6.0%).

3.3.3 Dietary/eating habits
The most frequently asked question was mealtimes (60 questions; 

55.0%) and subsequently the most frequently asked were overall diet or 
dietary restrictions (53 questions; 48.2%), ability to cook, frequency of 
cooking, and/or preparation of foods (51 questions; 46.4%), appetite (29 
questions; 26.0%), and frequency of eating out and/or where they ate out 
(19 questions; 17.3%). Many questions that focused on cultural/traditional 
eating habits were from the male virtual agent, in which participants asked 
about traditional beverages consumed (14 questions, 25%).

3.3.4 General medicine
The most frequently asked questions focused on other medical/

health conditions (57 questions; 52.0%), followed by medications/

dietary supplements taken (47; 42.3%), issues with digestion (20 
questions; 18.0%), sleeping/fatigue, and chewing/swallowing issues 
(14; 12.7%).

4 Discussion

This study focused on the feasibility of virtual simulations to 
enhance the cultural responsiveness of nutritional sciences and 
dietetic students. Participants indicated that their cultural 
responsiveness improved more with the male agent compared to the 
female agent, with more cultural questions asked of the male agent 
than the female agent. Overall, participants thought that the 
simulations were easy to use, they liked the virtual simulations, and 
would like to have them in courses. Suggestions for improvement were 
further instructions about how to word the questions to ensure the 
virtual agents would respond. The main themes for the questions 
focused on lifestyle, finances, dietary/eating habits, and 
general medical.

Participants self-reported that their cultural responsiveness 
increased after interacting with the simulations, predominantly with 
the male agent. This was most notably observed in the questions asked 
of the male virtual agent, who identified as Puerto Rican. As most 
participants initially asked about the types of foods generally 
consumed, the virtual agent responded that he consumed rice, beans, 
and fried meats, which prompted participants to subsequently follow 
up with traditional beverages consumed. Furthermore, at least in the 
brief scenario provided to the participants on entering the simulation, 
it was mentioned that the male agent had a social support system and 
family meals. Thus, there were more questions asked about family/
social support and the mealtime environment compared to the female 
agent. For the female virtual agent, who identified as African 
American, the reported food intake was that of traditional American 
foods, such as chicken and mashed potatoes. Additionally, at least with 
the brief scenario, there was no mention about social support or other 
potential cultural activities, which led to less questions asked in these 
topics. Participants may have been triggered by the nationality of the 
male virtual agent, whereas the nationality of the female virtual agent 
was not fully disclosed aside from identifying the ethnicity. 
Furthermore, in the brief scenario, information was highlighted about 
family, social support, and background of the male agent compared to 
the female agent, which may have led to the discrepancies in questions 
asked. Limited studies have focused on perceptions of cultural 
responsiveness from pre-allied health students; however, studies that 
have focused on cultural competence/humility of these students 
showed similar results when students were exposed to culturally 
diverse individuals, especially simulated actors who had identified 
from a specific region (Walkowska et al., 2023; Hawala-Drury and 
Hill, 2012; Van Kessel et al., 2022).

Several questions focused on non-cultural topics such as the 
financial aspects of the virtual agents, which included finances in 
general, paying for food, and housing. Neither of the brief 
medical scenarios provided to the participants had information 
about insurance, employment status, or other financially related 
topics. However, in courses that participants have or are currently 
enrolled in about communication/counseling, there could 
be class discussions about social and health disparities, which 
may have allowed participants to ask these questions. 

TABLE 2 Participants’ demographics of those who completed the survey 
(n = 55).

n (%)

Gender

  Male 14 (25%)

  Female 29 (53%)

  Unreported 12 (22%)

Ethnicity

  Arabic/Middle Eastern 4 (7%)

  Asian/Native American 8 (15%)

  Black 1 (2%)

  Hispanic 5 (9%)

  White 25 (45%)

  Unreported 12 (22%)

Major

  Nutritional Sciences 35 (64%)

  Dietetics 20 (36%)

Interaction with female agent

  First 49 (89%)

  Second 6 (11%)

  Time spent in minutes (mean ± SD) 16.93 (8.98)

  Triggered intents (mean ± SD) 11.00 (1.00)

  Errors received (mean ± SD) 2.88 (2.53)

Interaction with male agent

  First 6 (11%)

  Second 49 (89%)

  Time spent in minutes (mean ± SD) 17.89 (7.85)

  Triggered intents (mean ± SD) 10.05 (5.03)

  Errors received (mean ± SD) 3.02 (2.42)
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TABLE 3 Themes and frequency of responses per transcript review (n = 55).

Intents Total n (%) Simulation – male agent – 
n (%)

Simulation – female 
agent – n (%)

Dietary habits

  Appetite 29 (26%) 17 (31%) 12 (22%)

  Chewing 1 (1%) 1 (2%) 0 (0%)

  Comfort foods 3 (3%) 2 (4%) 1 (2%)

  Diet 41 (37%) 24 (44%) 17 (31%)

  Dietary restrictions 12 (11%) 7 (13%) 5 (9%)

  Mealtime 60 (55%) 33 (60%) 27 (49%)

  Number of meals 16 (15%) 9 (16%) 7 (13%)

Social history (living habits, personal interactions, etc.)

  Accessibility of food 0 (0%) 0 (0%) 0 (0%)

  Accessibility of transport 10 (9%) 8 (15%) 2 (4%)

  Eating out 14 (13%) 8 (15%) 6 (11%)

  Family dynamic 22 (20%) 18 (33%) 4 (7%)

  Finances 20 (18%) 12 (22%) 8 (15%)

  Housing 7 (6%) 1 (2%) 6 (11%)

  How frequently do you go grocery shopping 7 (6%) 5 (9%) 2 (4%)

  How to pay for food 10 (9%) 7 (13%) 3 (5%)

  Languages 1 (1%) 1 (2%) 0 (0%)

Medical history

  Dietary supplements 15 (14%) 10 (18%) 5 (9%)

  Digestion 20 (18%) 11 (20%) 9 (16%)

  Health conditions 57 (52%) 37 (67%) 20 (36%)

  Health food restrictions 8 (7%) 5 (9%) 3 (5%)

  Medications 26 (24%) 19 (35%) 7 (13%)

  Received other nutrition advice 1 (1%) 1 (2%) 0 (0%)

  Sleeping/fatigue 10 (9%) 5 (9%) 5 (9%)

  Swallowing 3 (3%) 1 (2%) 2 (4%)

Lifestyle (physical activity, customs, etc.)

  Cooking 26 (24%) 16 (29%) 10 (18%)

  Employment 66 (60.0%) 42 (76%) 24 (44%)

  Exercise type 9 (8%) 5 (9%) 4 (7%)

  How is food prepared 14 (13%) 8 (15%) 6 (11%)

  Level of activity/exercise 52 (47%) 25 (45%) 27 (49%)

  Spices/food additives 7 (6%) 4 (7%) 3 (5%)

  Traditional beverages 23 (21%) 14 (25%) 9 (16%)

  Traditional foods 2 (2%) 1 (2%) 1 (2%)

  Ease of using simulation – total comments 99 (90.0%) 53 (96.4%) 46 (83.6%)

  Difficulty with using simulation-total comments 50 (45.5%) 23 (41.8%) 27 (49.1%)

  Like with using simulation – total comments 110 (100%) 55 (100%) 55 (100%)

  Dislike with using simulation – total comments 100 (90.9%) 46 (83.6%) 54 (98.2%)

  Improve with using simulation – total comments 93 (84.5%) 45 (81.8%) 48 (87.3%)

  Cultural responsiveness improved (mean ± SD) 2.9 ± 0.9 3.3 ± 0.9 2.8 ± 0.9

Descriptives of the overall acceptability of the simulations.
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Furthermore, in the counseling class from which participants 
were recruited, the topics included counseling theories and 
techniques for counseling individuals, which included types of 
questions to ask. The questions to ask may cover diet, medical, 
and social history but have a limited focus on cultural 
responsiveness. This was like a study conducted in a medical 
nutrition therapy course in which participants (n = 8) counseled 
a live actor throughout 16 weeks. They noted that most of their 
counseling skills improved, except for culture. A few participants 
who provided further explanation mentioned that they did not 
think it was relevant to ask cultural questions (Horrell and 
Andrade, 2018). In a course that has multiple content areas to 
address, it may be  challenging to incorporate culture/cultural 
responsiveness. However, if students are not exposed to this 
information during their undergraduate and/or graduate 
training, the ability for them to enhance and improve their 
cultural responsiveness while in practice may not occur. It was 
noted in this study that after a participant asked a question, once 
the agent responded, limited probing occurred. For example, 
once the agent responded with the food typically consumed, 
instead of the participants probing on how the food was prepared 
or the spices/seasonings used, they may have moved on to 
another topic. Additionally, no participants asked the agents 
about their background, such as the environment in which they 
live, why they consume the foods that they do, etc. As several 
comments within the dislikes and improvement portion of the 
survey indicated to provide handouts or resources of the types of 
questions to ask, if more culture-related topics were mentioned, 
it may have prompted participants to ask these questions. 
Additionally, the virtual agents did not provide more information 
aside from the coded information. Thus, it does not mimic a 
conversation that may occur in which a client/patient provides 
further information that contributes to probing. From reviews 
that have focused on educational methods to enhance cultural 
competence/humility of pre-allied health students, several studies 
included within their reviews also showed that students self-
reported an increase in these skills after exposure to diverse 
populations (Walkowska et  al., 2023; Van Kessel et  al., 2022). 
However, these methods focused on live actors, shadowing, role-
playing, and/or participating within the clinic. Moreover, when 
the objective is focused on cultural exposure, learners are 
presented with information to enhance their knowledge and skills 
toward this topic. For this study, there was no module or other 
exposure to cultural responsiveness. Integrating modules or 
training prior to completion of virtual simulations may aid 
participants in asking questions pertinent to this area. Thus, 
further exploration needs to be conducted in virtual formats.

To reduce social desirability bias in self-reported instruments 
(Brenner and DeLamater, 2016), studies suggest validating not only 
from the instrument itself but also by using other external data sources 
(Althubaiti, 2016), such as transcript reviews. In this study, 3.8% of 
questions were related to culture. Even though a total of 72% agreed/
strongly agreed that their cultural responsiveness improved with the 
simulations, upon further focus on each simulation with the mean 
score, it was predominantly from the male agent. This was in 
alignment with the questions asked, in which they focused on the 
spices, foods, and beverages consumed. Therefore, other methods, 
such as focus groups or additional questions on the open-ended 

survey, specifically about how or why cultural responsiveness has 
changed or not, would be necessary.

The improvement areas for these simulations were focused on 
how to ask questions, as there were errors in which an agent did not 
respond. Furthermore, depending on the type of question asked, the 
agent may have responded, but not with the correct information. For 
example, if a student asked, “how many meals do you eat daily?” 
Sometimes, the agents responded with the types of foods consumed, 
rather than the number of meals consumed. This issue may have been 
related to the coding of these questions and where they were placed as 
intents. It was identified through the transcripts that participants who 
asked questions in different ways to obtain information and agents did 
not respond or responded incorrectly; hence, they stopped 
participating in the simulations. It is possible that outlining a 
minimum number of intents would have improved participation 
despite error messages. Corrective actions that have been completed 
since the development of these agents have been the use of artificial 
intelligence systems that are able to detect words and phrases at a 
higher rate to ensure the information that is provided is accurate. This 
may allow for the user to interact more effectively with the agent and 
to spend further time obtaining information until a level of satisfaction 
is reached. Increased familiarity with the software and repeated uses 
of the simulation might also reduce the number of error 
messages received.

Some limitations should be considered when interpreting the 
results from this study. As the survey was self-reported, selection 
bias may have occurred (Brenner and DeLamater, 2016). There 
was an attempt to reduce this bias through review of the 
transcripts, in which for at least the male agent, there were more 
questions pertaining to culture than the female agent. For the 
virtual simulations, some participants ended the simulation once 
they received multiple error messages when asking questions. As 
technology has advanced since the conceptualization of this study, 
utilizing artificial intelligence systems that are compatible with 
educational systems to allow for more fluid flowing conversations 
that mimic live sessions would be necessary. Furthermore, aside 
from an interview, participants did not have to counsel or provide 
education to the virtual simulation. By including this aspect, it 
may have allowed participants to expand and explore 
cultural responsiveness.

In conclusion, students preparing to work in healthcare fields, 
such as medical, nursing, and dietetics, need to incorporate the 
appropriate skills and knowledge in working with diverse populations. 
In the current classroom environment, students may not have 
opportunities to enhance their cultural responsiveness, thus, providing 
unique opportunities such as virtual simulations may be a solution. 
As the use of virtual simulations continues to grow in the medical 
field, this study adds to the literature, demonstrating that cultural 
responsiveness can be attained within this environment. Findings 
illustrated that nutritional science students and dietetic students 
enjoyed the interactions with the simulations with a few suggestions 
for improvement. From the student interactions with the agents, they 
focused on dietary/eating habits, finances, lifestyle, and general 
medicine, with limited focus on culture, even though they indicated 
that their cultural responsiveness improved. Further research should 
explore why cultural responsiveness improved and enhance features 
of the agents to capture this through interactions with them. As this 
study showed the feasibility that simulations could enhance cultural 
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responsiveness, future long-term studies should focus on how these 
improvements translate into practical application.
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