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Abstract

eHealth has grown exponentially alongside technology and has become widely accessed

by some populations, but little is documented about how undergraduate students use

eHealth or perceive their eHealth literacy. As access to online information and non-tradi-

tional options for interacting with providers has increased, patient views of the provider-

patient relationship may also be changing. This study evaluates how frequently undergradu-

ates use eHealth, how they perceive their ability to use eHealth appropriately, and how they

view their patient-provider relationships. A mixed methods approach was used to address

the research questions, with quantitative data from a survey and qualitative data from fol-

low-up interviews of twelve of the survey respondents. The survey was distributed to over

650 undergraduate students in introductory biology laboratory courses for students of all

fields of interest at one university. Based on 527 survey responses and 12 interviews, stu-

dents reported commonly using eHealth but being skeptical of telehealth appointments.

Although students generally felt capable of finding and interpreting eHealth sources, they

were not strongly confident in their ability to do so. Use of eHealth was not seen as altering

the patient-provider relationship, but students expressed a desire for their physician to act

more as a counselor or advisor than a guardian. Students from minority populations were

more likely to use eHealth in comparison to their peers. In addition, student comfort with

their provider differed by race and ethnicity, as well as whether they shared the same gender

identity as their provider. This research highlights how undergraduate students, who are

often making medical decisions for themselves for the first time as adults, access health

information and view the patient-provider relationship differently than the traditional guardian

or paternalistic model. In addition, having diverse, culturally competent medical providers

are critical for students to develop the relationship with their provider that they desire.

Introduction

eHealth includes health services and information made available through the internet and

related technologies [1]. Within the past few decades, eHealth has fundamentally changed

health communication between medical professionals and patients by offering an avenue of

communication outside of the medical office [2]. In addition, eHealth allows individuals to
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access and research health information [3]. Previous studies have shown that women and

young adults are more likely to use eHealth compared to other populations, while some

patients may avoid using eHealth based on their time availability, doubt of information accu-

racy, or inability to search health related information on their own. Thus, there is a “digital

divide” between online and offline health information seekers [2,4–8].

While the ability to access eHealth provides an opportunity for some individuals to have

greater knowledge about their medical decisions, this benefit cannot be realized if information

is not accurately understood and interpreted by the patient. eHealth literacy describes one’s

ability to find and use appropriate online health information [9]. Previous studies have shown

that the health sources most individuals use are unreliable or inaccurate [10–12] even though

expert medical and educational organizations have created credible eHealth sites and offer

resources to increase eHealth literacy [13,14].

The current COVID-19 pandemic illustrates the importance of understanding eHealth

usage and eHealth literacy as health information has been in high demand, and misinforma-

tion has been widely circulated [15]. Moreover, social distancing and other restrictions have

limited the options for in person interactions, making video and phone appointments with

providers much more commonplace than before [16,17]. Telehealth offers an avenue of com-

munication between the patient and provider from the convenience and safety of their home

and serves as another eHealth resource for individuals.

As access to online information and non-traditional options for interacting with providers

has increased, patient views of the provider-patient relationship may also be changing. Previ-

ously four models of the provider-patient relationship were described: a guardian or paternal-

istic model in which the provider decides actions for the patient; a counselor or advisor

(interpretive) model in which the patient is viewed as having some understanding relevant to

the medical care; a friend or teacher (deliberative) model; and a technical expert (informative)

model in which the patient has control over their medical care while the provider serves as the

technical expert [18]. Some of these models, however, may not reflect the relationship well in

an era of information gathering by patients, in which the patients may seek a greater sense of

ownership over their health decisions [19].

Understanding patients’ comfort levels with their provider may help in determining the

perception they have of their medical provider, as well as the type of patient-provider relation-

ship they want. A patient’s level of comfort and trust with their provider is dependent on many

factors such as patient needs and whether those needs are met, environmental factors, the

patient’s perception of their health issues, demographic differences with their medical pro-

vider, and whether they have a prior relationship with the medical provider they are seeing

[20,21]. Patients may feel less comfortable with medical providers who have less experience,

especially when being treated for a serious disease or condition [21–23].

Little is known about how undergraduate students view the patient-provider relationship in

this era of eHealth. These students may be motivated to empower themselves by taking

accountability for their own health as many are newly entering adulthood [24]. Undergraduate

students are likely to be frequent users of eHealth due to their comfort with convenient, online

information [25]. Thus, they may not rely on a health provider for all their health knowledge

and may view the patient-provider relationship differently from individuals who are less likely

to access eHealth. However, studies have not examined this relationship between eHealth use

and views of the patient-provider relationship among undergraduate students. It has been

hypothesized that individuals majoring in health fields would have greater perceived eHealth

literacy scores, but that has been contradicted by multiple studies which showed the perceived

eHealth literacy of students were similar regardless of their major [10,11,26,27]. Additional

research is required to clarify these conflicting findings.
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This research asks whether undergraduate students use eHealth, how confident they are in

their eHealth literacy, and how they view the patient-provider relationship. Specifically, five

questions were evaluated. 1) How much do undergraduate students use eHealth, and does their

likelihood of using eHealth vary with specific student characteristics? 2) What is the perceived

eHealth literacy of undergraduates, and does it vary with specific student characteristics? 3)

What model of the patient-provider relationship do students feel they have, and which model

do they want? 4) Do students feel their relationship with their provider has been impacted by

their use of eHealth? 5) Does student comfort with their provider, and barriers they perceive to

sharing health information with their provider, vary with specific student characteristics?

Methods

This study used a mixed methods research approach, combining both quantitative data in the

form of survey responses and qualitative data in the form of interviews. The goal of the survey

was to capture undergraduate students’ demographics, their eHealth usage, perceptions of

their eHealth literacy, and information regarding the relationship and level of comfort they

have with their provider. Interviews were conducted for the purpose of gaining a better under-

standing of more specific topics such as eHealth definition and use, barriers which may

impede the patient-provider relationship, and the rationale behind the patient-provider rela-

tionship the students had or wanted. ECU’s Institutional Review Board (UMCIRB 20–001788)

approved this human subjects research. Students were asked to consent to participate in the

research study at the beginning of the Qualtrics survey; for those participating in interviews,

the consent was requested again verbally and noted by the interviewer, as approved by the

IRB. Only students over 18 years of age were eligible to participate.

The study population was undergraduate students over the age of 18 in three laboratory

courses at East Carolina University (ECU), Greenville NC. These three courses included Gen-

eral Biology Lab for non-science majors (BIOL 1051), Principles of Biology Lab 1 for science

majors (BIOL 1101), and Principles of Biology Lab 2 for science majors (BIOL 1201). These

classes had a combined enrollment of 666 students at the time of data collection. As all stu-

dents (from all fields of study) are required to take one science laboratory course, undergradu-

ates enrolled in these courses were expected to be representative of ECU undergraduates with

diverse class ranks, ages, and intended majors. Throughout the manuscript, “patient” refers to

undergraduate students as they are our focal population.

Surveys

A survey (S1 File) was created using a combination of original questions and questions from a

validated survey of perceptions of eHealth literacy, called the eHEALS [9]. The original survey

questions were formulated to capture respondent demographics (gender identity, race/ethnic-

ity, pre-health intended major, etc.) and information focused on their relationship with their

medical provider. Additional questions asked about the information sources individuals used

when making decisions about their health and barriers impacting their comfort with their

medical providers. Questions were originally written to solicit information that the relevant lit-

erature on the subject indicated was most likely to be important, and then the questions were

refined and validated iteratively. Five experts reviewed and provided feedback on the wording

and importance of the original questions. Thus, they assessed the content validity of the items.

After making revisions based on expert feedback, five undergraduates assessed the face validity

of the items by completing the original survey questions and then describing how they inter-

preted each of the questions. Additional revisions were completed for clarification prior to dis-

tribution for data collection.
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In addition to the author-generated questions, the survey included items related to students’

perceptions of their eHealth literacy. These items were drawn from eHEALS, an 8-item pub-

lished instrument [9] designed to measure an individual’s perception of their knowledge and

ability to find electronic health information and apply that information to health issues [10].

This scale was developed by Norman and Skinner [9] to assess eHealth literacy by providing a

general estimate of one’s perceived eHealth-related skills. The items on eHEALS are answered

on a 5-point Likert scale ranging from “strongly disagree” to “strongly agree”. eHEALS was

incorporated into this research study because it has been widely used and allows for compari-

son of the results from this study population with those of prior studies. In addition, it was

shown to be reliable through item analysis on the 8-item scale at baseline, producing a scale

with α = 0.88 [9]. This scale has been validated by two additional research studies which have

shown that the internal consistency of the scale was high (α = 0.93 and α = 0.92) and that there

were no concerns for multicollinearity (α = 0.94) [28,29]. The eHEALS has been shown to be

an appropriate measure for populations of various ages. The author-generated items and

eHEALS items were combined into a single survey that was administered electronically

through Qualtrics (Qualtrics International) to students in these three lab classes during the

first semester block of Fall 2020. Students were offered extra credit for opening the survey,

even if they did not consent to participate in the research study, to ensure that students did not

feel coerced to participate or bias the sample.

Survey data analysis

Survey responses were exported from Qualtrics to an Excel (Microsoft Corporation) spread-

sheet and filtered to discard incomplete or invalid responses. Surveys which were not

completely filled out were discarded and if a student had multiple responses, only the initial

survey was retained. Any information that could be used to identify a respondent was removed

and each respondent was assigned a unique random number as an identifier. Only deidentified

data was used for analyses. The cleaned, deidentified data set was imported into SPSS (IBM)

for analysis. All Likert scale results were reversed to make the direction of the scores match the

intuitive interpretations (e.g., higher Likert score means higher eHealth usage rather than

lower). Two-tailed tests were used for all tests and the threshold for significance for all tests

was α less than or equal to 0.05.

The eHealth usage and perceived eHealth literacy of the students was evaluated. To address

the first research question about eHealth usage, the average eHealth usage by undergraduates

was calculated. Separate ANOVAs were run to determine if the level of student eHealth usage

varied with different student characteristics, including having a primary care provider, gender

identity, major, race and ethnicity, whether they had taken an introductory health class, and

confidence of sharing health information with their medical provider. To address the second

research question about perceived eHealth literacy, the mean perceived eHealth literacy was

calculated for each student, measured as the mean of their eight eHEALS items. ANOVAs

were used to determine whether the perceived eHealth literacy differed based on student

major (pre-health or not), whether they had taken an introductory health class, whether they

used health websites as a source of health information, or by student race and ethnicity.

In addition, students’ views of the patient-provider relationship, their comfort with their

provider, and the barriers they perceived to sharing health information with their provider

was evaluated. To address the third research question about patient-provider relationships

models, a one-sample t-test was used to determine whether there were significant differences

in student preferences for the various patient-provider relationship models, and another t-test

to test whether they felt there were differences in how common each patient-physician
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relationship model was. One-way ANOVAs tested whether the students’ perception of which

relationship model was most common or which model they desired. The fourth research ques-

tion regarding if students perceived their relationship with their provider has been impacted

by their use of eHealth sources was addressed through an ANOVA, and was followed by a sep-

arate ANOVA to determine if students’ perceptions of the impact of eHealth use on their rela-

tionship with their provider differed based on their level of eHealth use. Finally, the fifth

research question was evaluated using separate ANOVAs to determine if there were significant

differences in the level of comfort a student had when meeting with their physician based on

various student characteristics, including having a pre-existing health condition, having a pri-

mary care provider, race and ethnicity, and confidence about sharing health information with

their medical provider, as well as whether the gender of the medical provider matched that of

the undergraduate student. Moreover, ANOVAs were used to determine whether students

perceived barriers to sharing health information with their providers based on student race

and ethnicity or whether they shared the same gender identity as their provider.

Interviews

A subset of survey respondents was contacted with an invitation to complete a follow up inter-

view. Respondents were emailed in alphabetical groups based on last names until all interview

slots were filled. The goal of the interviews was to provide additional context for the survey

results, such as additional factors that can influence the patient-provider relationship and how

individuals view eHealth through their own words and experiences. Students were able to

describe their patient-provider relationship more fully and the relationship style they wanted

to have. The semi-structured interviews were guided by six original discussion questions and

followed up with additional clarifying or probing questions, as needed (S2 File). Questions

were written to elicit details that may not have been clear from survey responses and could

provide relevant context. Three experts provided feedback on the questions. Interviews were

conducted through Cisco WebEx in January and February 2021, taking approximately 15–20

minutes each to complete. The first author (a graduate student at the time), who had no affilia-

tion with the course through which the participants were recruited, completed the interviews.

Notes were taken during each interview and reviewed afterwards to ensure information cap-

tured was appropriate. Students who completed the survey were awarded a $20 Amazon gift

card for participation.

Interview notes were analyzed using NVivo (QSSR International). A list of initial codes was

generated using information from the published literature and the survey information. Addi-

tional codes were added, as needed, based on reviewing the interview notes. After a codebook

was created, the author and a colleague coded 25% of transcripts, using the revised codebook.

Interrater reliability between these two coders was calculated using kappa coefficient. Dis-

agreements in coding were resolved through discussion and assistance of a third party before

revising the codebook, coding another interview, and repeating the kappa coefficient. Once a

high inter-rater reliability was achieved (kappa = 0.8653), the remaining interview notes were

coded (using the revised codebook provided as S1 Table) by the author and synthesized to

identify overarching themes.

Results

Surveys

After removing problematic surveys, 527 responses remained for analysis., for a response rate

of 79.1%. The survey participants were largely 18–20 years old (89.6%), freshman (56.5%),

female (62.4%), and white (61.7%; Table 1). The demographics of the survey respondents were
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representative of the total undergraduate population at ECU during the Fall 2020 semester

(ECU Fact Book), in which approximately 58.3% of students identified as female and 64.1% of

students identified as white. Approximately half of the survey respondents intended to major

in a pre-health discipline (58.3%), and most did not have a pre-existing health condition

(81.2%). 69.1% of respondents shared the same gender identity as their primary care provider.

The first research question evaluated how much undergraduate students use eHealth and

how their likelihood of using eHealth varied with specific student characteristics. When asked

to rank the information sources they preferred to use when making medical decisions, respon-

dents prioritized information from their medical provider, followed by a family member

(Tables 2 and S2). Online sources, such as health information websites, were ranked third and

most respondents (74%) indicated they looked up online sources at least occasionally when

making decisions about their health (Table 3). Undergraduate students’ eHealth usage did not

significantly differ based on whether the student had a primary care provider (F2, 524 = 0.868,

p = 0.420) or by the gender of the undergraduate student (F3, 523 = 0.414, p = 0.743). Levels of

eHealth usage also did not differ between respondents in a pre-health intended major and

Table 1. Demographic characteristics of survey participants (N = 527).

Number %

Gender Identity

Female 329 62.4

Male 196 37.2

Other 1 0.2

Do not wish to answer 1 0.2

Age

18–20 472 89.6

21–24 45 8.5

25+ 10 1.9

Class Rank

Freshman 298 56.5

Sophomore 146 27.7

Junior 55 10.4

Senior 28 5.3

Racial/Ethnic Identity

American Indian or Alaska Native 7 1.3

Asian 23 4.4

Black or African American 105 19.9

Hispanic or Latino 39 7.4

Native Hawaiian or Other Pacific Islander 2 0.4

White 325 61.7

Other 21 4

Do not wish to answer 5 0.9

Taken an Introductory Health Course?

Yes 210 39.8

No 219 41.6

Currently Enrolled 98 18.6

Pre-Existing Health Condition?

Yes 88 16.7

No 428 81.2

Do not wish to answer 10 1.9

https://doi.org/10.1371/journal.pone.0266802.t001
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those in other majors (F1, 525 = 0.783, p = 0.377). On the contrary, the level of eHealth usage

significantly differed based on the race and ethnicity of the undergraduate students (Fig 1; F7,

519 = 2.251, p = 0.029). A Fisher’s LSD test of multiple comparisons showed that white students

had significantly lower eHealth usage than Asian (p = 0.021) or African American students

(p = 0.003). In addition, there was a trend for students who have had an introductory health

class to use eHealth more frequently than those who have not had an introductory health class

in college or university (F2, 524 = 2.786, p = 0.063). Undergraduate students who reported feel-

ing confident sharing information they find online with their providers were more likely to be

higher eHealth users (F1, 525 = 16.125, p< 0.001).

The second research question asked about the perceived eHealth literacy of undergraduates.

The eHEALS scores (a measure of perceived eHealth literacy) of respondents who were

intending to major in a pre-health discipline did not differ from those who were not pre-health

(F1, 525 = 1.078, p = 0.300), with an average eHEALS score of 2.71 (S3 Table). eHEALS scores

also did not differ significantly based on whether respondents had taken an introductory

health class in college/university (F2, 524 = 0.416, p = 0.660), whether they used health websites

as a source of health information (F6, 520 = 0.778, p = 0.587), or by race/ethnicity (F7, 519 =

0.500, p = 0.835).

Student views of patient-provider relationship models was evaluated for the third research

question. Regarding their medical provider, 83.7% of survey respondents indicated they had a

primary care physician. The “counselor/advisor” patient-provider model was reported signifi-

cantly more often than other models (t526 = 67.350, p< 0.001) to reflect the relationship

respondents felt was most common with providers, and it was the patient-provider relation-

ship model they wanted most (t526 = 79.722, p< 0.001) compared to the other possible models

(Table 4). Student levels of eHealth usage impacted their views of which patient-provider rela-

tionship model was most common (F2,524 = 3.33, p = 0.037), but not their desired relationship

model (F2,524 = 1.64, p = 0.195). Students who used eHealth often (“all” or “almost all of the

Table 2. Mean ranking by survey respondents for sources they prioritize when making health decisions (1 = top

priority, 8 = lowest priority).

Overall Ranking Mean Rank

1- Medical Provider 1.57

2- Family 2.32

3- Health Information Websites 3.69

4- Friends 4.09

5- Partner 4.27

6- Social Media 5.66

7- Television 6.69

8- Other 7.72

https://doi.org/10.1371/journal.pone.0266802.t002

Table 3. Number and percent of respondents indicating how often they use online health sources when making

decisions about their health.

Number %

All the time 38 7.2

Almost every time 83 15.7

Occasionally 269 51

Very seldom 122 23.1

Not at all 15 2.8

https://doi.org/10.1371/journal.pone.0266802.t003
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time”) were significantly less likely to report that the “Technical Expert” model was most com-

mon compared to students who reported using eHealth rarely (“very seldom” or “not at all”).

To answer the fourth research question about the impact of eHealth on the patient-provider

relationship, a narrow majority of students (50.7%) reported that they shared information they

find online with their provider and most (74.6%) felt confident doing so. Additionally, respon-

dents indicated that they did not think that accessing online health sources had changed their

relationship with their medical provider (67.2%). Students who reported using eHealth rarely

(“very seldom” or “not at all”) were more likely to report that accessing online health sources

had not changed their relationship with their medical provider compared to students who

reported using eHealth often (“all” or “almost all of the time”) (F2, 524 = 14.20, p< 0.0001).

Approximately half of frequent eHealth users reported that their relationship with their medi-

cal provider had changed.

The final research question examined how comfortable students were with their provider,

and barriers they perceived to sharing health information with their provider. Most respon-

dents said that they were very comfortable all the time (48.8%) or almost every time (39.7%)

they met with their physician. Students who had a pre-existing health condition were not sig-

nificantly more or less comfortable when meeting with their medical provider (F2, 523 = 0.927,

p = 0.397) than people without a pre-existing condition. Respondents who had a primary care

Fig 1. eHealth usage based on racial and ethnic identity. Higher values correspond to higher eHealth usage. Error

bars represent standard deviations. Bars that have the same letter(s) above them do not significantly differ from each

other.

https://doi.org/10.1371/journal.pone.0266802.g001

Table 4. Number and percent of respondents indicating how common they think each type of patient-provider relationship is, and which model they want.

Believe is Most Common Want

Relationship Models Number % Number %

Guardian/Paternalistic 84 15.9 41 7.8

Counselor/Advisor 298 56.5 307 58.3

Technical Expert 122 23.1 120 22.8

Friend/Teacher 23 4.4 59 11.2

https://doi.org/10.1371/journal.pone.0266802.t004
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provider, though, were significantly more comfortable with their provider than those who did

not (Fig 2; F2, 524 = 13.903, p< 0.001). The level of comfort a student had with their provider

varied with the student’s race and ethnicity (Fig 2; F7, 519 = 1.973, p = 0.057). A Fisher’s LSD

test of multiple comparisons showed that black/African American students were significantly

less comfortable with their providers than Asian students (p = 0.016). Students with the same

gender identity as their provider felt significantly more comfortable with their provider than

those who had a different gender identity (Fig 2; F1, 525 = 7.601, p = 0.006). Not surprisingly,

respondents who felt confident sharing information from online sources with their physician

were also those who felt significantly more comfortable meeting with their provider (Fig 2; F1,

525 = 51.468, p< 0.001).

Whether students reported barriers to sharing health information with their providers var-

ied by student race and ethnicity (Fig 3; F7, 519 = 2.630, p = 0.011). A Fisher’s LSD test of multi-

ple comparisons indicated that black/African American students reported more barriers than

did white students. Students who shared a gender identity with their physician were equally

likely to have reported barriers sharing health information with their provider as students who

had a different gender identity from their provider (F1, 525 = 1.649, p = 0.200).

Interviews

The 12 interviewees generally reflected similar demographics as survey respondents (Table 5).

The final codebook had nine different codes (S1 Table) which captured aspects of the patient-

provider relationship, eHealth sources used, and the influence of the COVID-19 pandemic on

eHealth usage and the patient-provider relationship. These nine codes were synthesized into

three broad themes: Professionalism, Information Accuracy, and Relationship Status.

Fig 2. Relationship between the level of comfort (higher values mean a patient is more comfortable) students

experience when visiting their medical provider based on a) if they have a primary care provider (PCP), b) if a student

feels confident sharing online information they find with their medical provider, c) if the gender of the student and the

medical provider match, and d) the racial/ethnic identity of the student. Error bars represent standard deviations. Bars

that have the same letter(s) above them within a panel do not significantly differ from each other.

https://doi.org/10.1371/journal.pone.0266802.g002
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Professionalism identifies how undergraduate students valued the professionalism physi-

cians can provide when making decisions about their health, but due to COVID-19 and pan-

demic restrictions, students indicated how difficult it was to talk and connect to their

physician. Students felt that making health decisions was easier with a physician because they

are the ‘professionals’ and have better expertise knowledge on health information. Many inter-

viewees, however, recounted telehealth as an inadequate form of communication with their

provider especially when they are trying to be diagnosed. An interviewee stated that ‘going in

person’ is a better alternative to telehealth because is it more personal and ‘more can be accom-

plished’ regarding being diagnosed or getting a check-up, although they recognized that tele-

health is a safer alternative due to the current pandemic.

A second theme, Information Accuracy, identifies the perception from interviewees that

the information they obtained through online sources lacked credibility in comparison to

health information they obtained from their medical provider. Several interviewees mentioned

that the ability to look up information at home was beneficial for them because it let them

learn more about the health topic of concern, but they felt anxious that they may have unwit-

tingly obtained misinformation. Due to this information doubt in online health resources, stu-

dents tried to verify the information they saw online with their medical provider.

A final theme identified from the interviews was Relationship Length. The length of the

relationship between the undergraduate student and their medical provider influenced how

much positive encouragement they received from their provider to utilize eHealth as well as

how comfortable a student was when meeting with their physician. Interviewees who reported

having a long-term relationship with their medical provider (i.e., since childhood) stated that

they were more likely to discuss eHealth information with them.

Discussion

Most students in this study reported accessing online health resources, complementing previ-

ous studies that have shown undergraduate students more frequently use eHealth information

and resources compared to other age groups [5,7]. Students may become more familiar with

online health sources through introductory health courses, as students were more likely to use

eHealth if they had already taken, or were currently enrolled in, a health course. For example,

Fig 3. Students of different racial/ethnic identities perceive different frequencies of barriers to sharing health

information with their medical provider. Higher values indicate more frequent barriers. Error bars represent

standard deviations. Bars that have the same letter(s) above them do not significantly differ from each other.

https://doi.org/10.1371/journal.pone.0266802.g003
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topics such as sexual health and drug abuse are some of the eHealth topics most commonly

searched by college students and are also frequently covered topics in introductory health

courses at colleges and universities [30].

White students reported lower rates of eHealth usage than Asian students or black students.

This finding adds to the mixed results from previous studies about differences among individ-

uals from different races/ethnicities and their likelihood of using eHealth [31]. Black students

also reported more barriers in comparison to white students when it comes to talking to their

medical providers about health information. Although patients tend to have a stronger rela-

tionship with providers from their own race or ethnicity, most racial/ethnic minorities in the

US do not see providers with the same racial or ethnic identity [32]. Prior studies have

highlighted that race may impact the quality of communication in patient-provider relation-

ships [32]. In addition, generational trauma and perceived microaggressions can play a huge

Table 5. Demographic characteristics of individuals participating in an interview (N = 12).

Number %

Gender Identity

Female 9 75

Male 3 25

Other 0 0

Do not wish to answer 0 0

Age

18–20 11 91.7

21–24 1 8.3

25+ 0 0

Class Rank

Freshman 10 83.3

Sophomore 1 8.3

Junior 0 0

Senior 1 8.3

Racial/Ethnic Identity

American Indian or Alaska Native 0 0

Asian 1 8.3

Black or African American 2 16.7

Hispanic or Latino 1 8.3

Native Hawaiian or Other Pacific Islander 0 0

White 6 50

Other 2 16.7

Do not wish to answer 0 0

Pre-Health Intended

Yes 9 75

No 3 25

Taken an Introductory Health Course?

Yes 2 16.7

No 7 58.3

Currently Enrolled 3 25

Pre-Existing Health Condition?

Yes 1 8.3

No 10 83.3

Do not wish to answer 1 8.3

https://doi.org/10.1371/journal.pone.0266802.t005
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role in patient trust and comfort during medical appointments and is commonly found in

black populations due to prior medical mistreatment of that community [33,34]. It is possible

that minority students used eHealth sources at a higher rate than white students because they

were less comfortable with their provider and felt more frequent barriers to sharing health

information with their provider [34]. Thus, minority students may try to reduce the need to

visit their provider by accessing health information online. This finding highlights a topic

deserving further study.

Moreover, students reported feeling more comfortable meeting with their medical provider

when their gender identity matched that of their provider. This comfort may stem from empa-

thy as they perceive their medical provider to better understand what they are going through

than if their provider is of a different gender identity [35]. Previous literature has shown that

patients who share similar characteristics as their medical provider are more likely to trust and

be comfortable with that medical provider because of shared experiences, but it has been

shown to matter more to female patients than male patients [36,37]. Thus, our study further

highlights the importance of having providers available from diverse gender and racial/ethnic

identities.

Within the past few decades, medical schools have incorporated cultural competency train-

ing to their curriculum because schools want culturally sensitive future physicians who can

bring awareness to health disparities [38]. This training is aimed to improve physician-patient

communication, collaboration, and patient satisfaction [39–41]. Future research will be

needed to see if this improved training reduces the barriers that minority groups experience

when seeking health care.

Like previous studies which highlighted that undergraduate students had a perceived

eHealth literacy score average around three on the eHEALS instrument [10,25,27,42], these

respondents had an average score just under three. This score indicates that the students gen-

erally agreed that they could find and use eHealth resources, but they did not feel strongly con-

fident in their ability to do so. Interviews supported the idea that students have doubts about

their eHealth literacy. The perceived eHealth literacy scores did not vary based on student

major or whether respondents had taken an introductory health course at college or university.

Thus, the introductory health courses offered in higher education may not be sufficient in giv-

ing students confidence to properly find and evaluate health information online. Conse-

quently, our findings suggest that additional educational resources need to be made available

to help undergraduate students confidently access quality health information on the topics

about which they most often search online (e.g., sexual health and drug use).

These survey respondents did not perceive that their use of online health resources influ-

enced their patient-provider relationship. On the contrary, interviewees reported that there

had been a change in their relationship with their medical provider due to the transition to

online appointments in place of in-person appointments due to the COVID-19 pandemic.

This timely insight into student perceptions show that undergraduates felt that the lack of a

face-to-face meeting with their physician caused communication issues between the patient

and provider and reduced their access to the provider as a source of health information.

Whether this discomfort with telehealth is a result of pandemic conditions, a transient reaction

to the sudden increase in telehealth, or a longer-term hesitation is not yet known.

These students most frequently wanted a “counselor/advisor” model of relationship with

their medical provider. This result differs from previous literature which has stated that adults

commonly have a “guardian/paternalistic” relationship model with their provider [43]. The

shift in the patient-provider relationship may be influenced by the recent increase in accessibil-

ity to health information leading to a desire for greater patient autonomy. The “counselor/

advisor” relationship model reflects shared decision making where patients help make
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decisions about their treatment [44]. Ehealth usage may challenge the traditional dynamic

between a patient and provider because as patients take more responsibility, they allocate less

decision making to the provider [43]. Future studies will be needed to determine if the desire

for a “counselor/advisor” relationship is common to users of eHealth or reflects a difference

between undergraduate populations and other adult populations.

Most of these undergraduate students indicated that they were comfortable meeting with

their providers, especially if they had a primary care provider. Thus, these respondents may be

less likely to delay or avoid seeing a health care professional, when needed, or withhold health

information from their medical provider. Comfort with their provider may mean their health

conditions are less likely to go untreated or undiagnosed. Students may be more likely to avoid

providers during the COVID-19 pandemic, however, due to a desire to avoid telehealth

appointments. Future research will be needed to determine if students have delayed medical

appointments during the pandemic, and if so, whether that has long-term health

consequences.

This research study had several limitations. All data were self-reported by students and do

not include independent tracking of eHealth usage or student interactions with their provid-

ers. In addition, similar to previous studies, students’ competency accessing and using online

health information was not tested directly, only students’ perception of their eHealth literacy

was. The study population came from a single university, which limits the inferences that can

be made. The interview sample sizes were small and thus the results obtained from them may

not be representative of the entire population. Finally, these data were collected during the

worldwide COVID-19 pandemic and may be influenced by this atypical event. Further

research would benefit from surveying undergraduates at other universities, having additional

eHealth literacy data that is not only based solely on student perception, and collecting data in

non-pandemic times.

Conclusion

eHealth has made medical information accessible for many populations, including undergrad-

uate students. Undergraduate students reported using eHealth at least occasionally and felt

able to find and understand eHealth sources, though they were not strongly confident in their

ability to do so and were skeptical of telehealth appointments. Thus, students may benefit

from having additional training to boost their eHealth literacy. Students in this study most fre-

quently reported wanting a patient-provider relationship similar to the “counselor/advisor”

model, in which patients make health decisions in partnership with their provider. Despite

access to eHealth, student race, ethnicity, and gender identity impacted students’ comfort

with their provider, demonstrating that health disparities still exist with this population. Stu-

dents prefer gaining information from providers, particularly those who share their same gen-

der identity or race, over relying on eHealth sources. Thus, having diverse, culturally

competent medical providers may help students to develop a positive relationship with their

provider.
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