
Acceptability of an Interactive Computer-Animated Agent
to Promote Patient-Provider Communication
About Breast Density: a Mixed Method Pilot Study
Christine Gunn, PhD1 , Ariel Maschke, MA1, Timothy Bickmore, PhD2,
Mark Kennedy, MBA3, Margaret F. Hopkins, MPH4, Michael D.C. Fishman, MD5,
Michael K. Paasche-Orlow, MD, MPH6, and Erica T. Warner, ScD, MPH4

1Department of Medicine, Section of General Internal Medicine, Women’s Health Unit, Boston University School of Medicine, Boston, MA, USA;
2Khoury College of Computer Sciences, Northeastern University, Boston, USA; 3Boston Public Health Commission, Boston, USA; 4Department of
Medicine, Massachusetts General Hospital, Boston, USA; 5Department of Radiology, Boston Medical Center, Section of Breast Imaging, Boston
University School of Medicine, Boston, USA; 6Department of Medicine, Section of General Internal Medicine, Boston Medical Center, Boston
University School of Medicine, Boston, USA.

BACKGROUND: Half of women undergoing mammogra-
phy have dense breasts. Mandatory dense breast notifi-
cation and educational materials have been shown to
confuse women, rather than empower them.
OBJECTIVE: This study used a mixed method, multi-
stakeholder approach to assess acceptability of an inter-
active, computer-animated agent that provided breast
density information to women and changes in knowledge,
satisfaction, and informational needs.
DESIGN: A pre-post survey and qualitative focus groups
assessed the acceptability of the computer-animated
agent among women. An anonymous, online surveymea-
suring acceptability was delivered to a multi-stakeholder
group.
PARTICIPANTS: English-speaking, mammography-
eligible women ages 40–74 were invited and 44 women
participated in one of nine focus groups. In addition, 14
stakeholders representing primary care, radiology, pa-
tient advocates, public health practitioners, and re-
searchers completed the online survey.
INTERVENTIONS: A prototype of a computer-animated
agent was delivered to women in a group setting; stake-
holders viewed the prototype independently.
MAIN MEASURES: Data collected included open-ended
qualitative questions that guided discussion about the
content and form of the computer-animated agent. Struc-
tured surveys included domains related to knowledge,
acceptability, and satisfaction. Stakeholder acceptability
was measured with a series of statements about aspects
of the intervention and delivery approach and are report-
ed as the proportion of respondents who endorsed each
statement.
KEY RESULTS: Six of 12 knowledge items demonstrated
improvement post-intervention, satisfaction with the
agent was high (81%), but the number of unanswered

questions did not improve (67% vs. 54%, p = 0.37). Under-
standing of the distinction between connective and fatty
tissue in the breast did not increase (30% vs. 26%, p =
0.48). Results of the multi-stakeholder survey suggest
broad acceptability of the approach and agent.
CONCLUSIONS: Findings highlight the benefits of a brief
interactive educational exposure as well as mispercep-
tions that persisted. Results demonstrate the need for
an evidence-based, accessible intervention that is easy
to understand for patients.
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BACKGROUND

Over 27 million women in the USA have mammographically
dense breasts, representing 40–50% of women undergoing
mammography.1 Women with heterogeneously or extremely
dense breasts are at 1.2–2.3 times greater risk of breast cancer
compared to women with scattered fibroglandular density.2

Dense breasts are associated with higher rates of interval
cancers,3 those identified between routine screenings, in part
due to reduced mammography sensitivity.4 Breast density also
varies by race, with black women more likely to have high
breast density.5 Over 36 states have passed laws requiring that
women receive written notification of their breast density post-
mammogram,6 and the FDA has proposed regulations to set a
national dense breast reporting standard.7 Currently, mandated
dense breast notification content and its complexity varies by
state.8 Notifications are intended to increase individual aware-
ness of risk and support informed decision-making for sup-
plemental screening, but early indications are that these laws
do not fulfill this potential. Many women feel confused or
anxious after receiving notifications, gain little knowledge,
and are not clear on what to do based on notifications.9–12

Prior Presentations: Preliminary results were previously presented at the
International Breast Density and Cancer Risk Assessment Workshop on
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Received September 12, 2019
Accepted December 13, 2019
Published online January 9, 2020

1069

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-05622-2&domain=pdf


The balance of risks and benefits of supplemental screening
among women with high density remains unclear.13 As evi-
dence on appropriate screening for women with dense breasts
accrues, many recommend situating breast density within the
context of overall breast cancer risk to determine need for
supplemental screening.14, 15 Yet, primary care providers feel
ill-prepared to counsel women about dense breasts and few
report using risk assessment tools to determine appropriate
supplemental screening,16–18 despite available guidance on
risk stratification for women with dense breasts to inform
choices.14, 15, 19 Thus, awareness of breast density and asso-
ciated risks remains low.9, 20–24

Improvements in communication and education are needed for
both patients and providers, but the field has yet to rigorously
develop educational tools that address known misperceptions.
Our previous work shows women want to be told of their breast
density and require more information to make informed deci-
sions.12, 25 This study aimed to (1) develop a prototype interactive
tool for patients to supplement breast density notifications using a
community-engaged approach; (2) test the impact of the proto-
type on breast density knowledge, informational needs, and
satisfaction among a mammography-eligible women; and (3)
assess acceptability among a multi-stakeholder group including
patients, public health professionals, and providers from primary
care and radiology.

METHODS

Overview. This cross-sectional study assessed acceptability
and changes in knowledge with the use of an interactive,
computer-animated agent that provided breast density infor-
mation. We used surveys and qualitative focus groups to
evaluate the agent developed in partnership with a local breast
cancer advocacy group. Data collection occurred from April
through June 2019. This research was reviewed and approved
by the Boston Medical Center Institutional Review Board.

Educational Material Development. We aimed to develop
materials that would address the known knowledge gaps in
breast density notifications and be focused on user needs. We
sought to include minority women in the development, as
minority women are less often aware of breast density,26 yet
are more likely to have dense breasts5 and experience poorer
cancer outcomes.27, 28 Thus, we partnered with the Pink and
Black Education and Support Network, a group of black breast
cancer survivors who lead education and outreach efforts. We
held two facilitated feedback sessions with Pink and Black
members (n = 10) during which we identified their top
priorities for breast density education using a cognitive
priming task. Women rated a series of statements and their
relative importance. Their highest stated priorities included (1)
knowing what they could do about dense breasts, (2) being
able to ask questions, and (3) getting information quickly.

Based on prior work developing conversational agent sys-
tems that are responsive to patient health information needs,29–
32 we created a prototype computer-animated agent that sim-
ulates a face-to-face conversation with a health educator
(Fig. 1). Computer-animated agents address women’s desire
for accessibility and interactivity as they adapt messages to
individual patient responses and the immediate context of the
conversation. They also provide information in a consistent
manner and in a low-pressure environment, outside of the
time-constrained clinical encounter, so that patients may take
as much time as they need to fully understand the informa-
tion.33 The information in the current prototype was adapted
from patient educational materials on breast density, and
modeled into a conversational, interactive form. Salient topics
and descriptions were identified as desirable by Pink and
Black Education and Support Network members who provid-
ed feedback prior to prototype development.34, 35

The prototype, Danya, was presented to women through
two sample interactions displayed as videos: a 30-s greeting
introduced Danya as a virtual health counselor and a 3-min
sample in which Danya presented information about breast
density. The sample interaction reviewed when women could
expect results, displayed a sample breast density notification
letter, reassured women, explained breast density using pic-
tures, and described some possible next steps. Both videos
included demonstrations of Danya’s interactive elements, with
an off-screen user providing responses to Danya’s prompts.

Study Population. We tested the prototype among 44
mammography-eligible English-speaking women ages 40–
74. Study information cards and flyers were posted in primary
care and radiology clinics, as well as distributed by Pink and
Black advocates within community venues. Interested partic-
ipants contacted the study team, who verified eligibility and
scheduled women into one of nine focus groups. Additionally,
stakeholders representing primary care clinicians, radiologists,
patient advocates, public health practitioners, and researchers
were identified through the authors’ professional networks.
Stakeholders received an email invitation to view the online
prototype and complete a survey about the content.

Figure 1 Screenshot of prototype computer-animated agent, Danya.
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Focus Group Data Collection. Data from mammography-
eligible women was collected through 90–120 min focus
groups with associated surveys administered before and after
exposure to the computer-animated agent. Study activities
took place at Boston Medical Center or community centers.
Upon arrival, women reviewed a study information sheet and
completed a baseline survey covering knowledge about breast
density, mammogram history, satisfaction with information
related to mammogram results, and demographics. All women
agreed to audio-recording of the focus group, which was later
transcribed. Focus groups were facilitated by an investigator,
with at least one research assistant taking notes. Facilitators
presented the computer-animated agent 30-s greeting and
elicited impressions about the style and substance. The 3-
min breast density education clip was then shown, again
followed by guided discussion about the content and form.
After conclusion of the focus group, women completed a
second survey covering knowledge about breast density, and
satisfaction. Women received a $40 debit card for their partic-
ipation at the conclusion of study activities.

Multi-stakeholder Data Collection. Surveys measuring
acceptability of the agent and delivery strategy were
collected online. Stakeholders were invited by email to
review the computer-animated agent prototype and provide
feedback via a structured survey. Data were collected and
managed using REDCap (Research Electronic Data Capture)
hosted at Boston University, CTSI UL1TR001430.36

Measures. Data collected from mammography-eligible wom-
en included open-ended qualitative questions that guided dis-
cussion about the content and form of the computer-animated
agent. Structured surveys included domains related to knowl-
edge, acceptability, and satisfaction. Three scales were com-
pared pre-post: (1) Knowledge, measured by 12 true/false
statements about key information in the breast density video;
(2) Unmet informational needs comprised of three items,
measuring women’s satisfaction with the level and amount
of information and whether there were remaining questions;
(3) Satisfaction, measured on a 5-point Likert scale (Very
Satisfied to Very Dissatisfied). We hypothesized that the
computer-animated agent would increase knowledge and sat-
isfaction, while decreasing unmet informational needs.
The online stakeholder surveys included an initial question

to determine whether the respondent was a clinical provider,
which determined branching logic. All respondents were
asked about acceptability either for themselves (non-
clinicians) or their patients (clinician stakeholders) related to
the computer-animated agent and delivery approach. Mea-
sures are reported as percent agreement for each statement.

Analysis.Qualitative analysis included creating a taxonomy of
potential issues related to the prototype’s content, context, and
format that guided analysis37 using NVivo qualitative

software. One author primarily coded transcripts to develop
a codebook and reviewed it with the study team. Using
constant comparison techniques,38 we ensured that fidelity
was maintained by having a second author review coded
transcripts to ensure transparency and quality in coding. Any
clarifications in coding were resolved through study team
discussion.
Descriptive statistics (means, medians, frequencies) were

generated for each of the survey measures of satisfaction,
informational needs, and breast density knowledge. Pre-post
comparisons using McNemar’s tests with an exact function to
account for small cell sizes, explored pre-post changes in
satisfaction, informational needs, and knowledge. Statistical
significance was set at the level of p < 0.05. Stakeholder
surveys descriptively summarized acceptability for all stake-
holder groups.

RESULTS

Focus Group Participant Characteristics. As displayed in
Table 1, focus group participants had a mean age of 59 years
(SD = 7.7) and were predominantly black (73%, n = 32). Ed-
ucational backgrounds were diverse with 14% (n = 6) com-
pleting less than high school, 34% (n = 15) with a high school
degree or GED, 20% (n = 9) attended some college, and 32%
had an Associate’s degree or higher. Most women were either
very (57%, n = 25) or somewhat (23%, n = 10) satisfied with
the mammogram results information they had received in the
past, although focus groups later uncovered uncertainty and
confusion about mammography concepts. One-third of partic-
ipants (32%, n = 14) reported they had been told they have
dense breasts; one-quarter were unsure (25%, n = 11). When
asked about sources of breast density information, the most
common response was that they had received no breast density
information (45%, n = 20), followed by receiving information
from a primary care doctor (30%, n = 13).

Focus Group Results. As displayed in Table 2, most partici-
pants reported they were satisfied with the computer-animated
agent, Danya (68%, n = 30), she was easy to understand (75%,
n = 33), they were confident in her ability to help them (64%,
n = 28), and would follow her advice (55%, n = 24). Half felt
comfortable with Danya or would like to continue working
with her (50%, n = 22). Additionally, Danya made 40% (n =
18) of participants less nervous about dense breasts. Women
described experiencing heightened anxiety while awaiting
results, and felt Danya could support them in this period:
“You will panic if you don’t hear from them, ‘Oh, it’s been a
week.’ So for her to be able to give [women] that information,
I definitely think that was good.” Women were split in ex-
pressing strong preferences for communication with a doctor
or nurse over the computer-animated agent: 57% (n = 25)

1071Gunn et al.: Patient-Provider Acceptability of Breast Density AgentJGIM



strongly agreed or agreed with the statement “I would rather
talk to my doctor than Danya,”while 43% (n = 19) did so for a
similar statement about their nurse. One theme that emerged
was a preference for being able to ask questions from a
credible source without judgment, a need many women felt
Danya could meet: “[Danya] would be good because maybe

you have things you don’t want anybody else to know. Just to
be able to answer and you can get a better idea.” Confiden-
tially asking questions was contrasted with preferences for
having information shared with the woman’s physician team,
especially for those who did not have timely access to their
doctor:

“A lot of us, don’t know how to advocate for [our-
selves]… we always forget to ask the doctor some-
thing, and to be able to do that and have the doctor see
that question, and to be able to have the doctor or
someone working with the doctor be able to respond
to that question.”The impression that the computer-
animated agent could improve communication be-
tween the health care team and patient was appealing,
but tempered slightly by women’s concerns about pri-
vacy:

“I have mixed opinions about [Danya] because I kind
of feel like it is just me and her. If it is just the two of us
just talking, I feel a little bit safer… but once I report to
her, who is going to transcribe all of this? If it wasn’t
such pertinent information, if it was just “how are you
doing, we got your results back.” Okay, [that’s] fine,
good.”

Discussions about privacy and data sharing were the
primary source of concerns raised by women across focus
groups.

Changes in Satisfaction, Information Needs, and
Knowledge. After reviewing the computer-animated agent
prototype, women had greater satisfaction with the amount
and quality of breast density information than before, and had
greater breast density knowledge (Table 3). Among 24 women
that had received breast density information prior to focus
group participation, there was higher satisfaction with both
the amount (21%, n = 5 versus 67%, n = 29; p < 0.01) and
quality (17%, n = 4 versus 64%, n = 27; p < 0.01) of breast
density information after the intervention compared to prior. In
the post-intervention period, 81% respondents (35/43) were
“very satisfied” with breast density information overall (data
not shown). There was no significant change in the proportion
of participants with unanswered questions about breast density
(pre: 67%, n = 16, post: 54%, n = 13; p = 0.37), contrary to our
hypothesis. This was confirmed in qualitative responses,
where women indicated several areas of new questions they
had not previously considered: “Her explanation leads to more
questions… She said you have fatty tissue, then she used the
word something else. That just raised more questions because
what if we don’t know what connective tissues are.” Under-
standing the role of fatty versus connected tissue was most

Table 2 Evaluation of Computer-Animated Agent (Danya), %
Endorsement

Statement Endorsement1

N (%)

Danya was easy to understand 33 (75)
I was satisfied with Danya 30 (68)
I am confident in Danya’s ability to help me 28 (64)
I would follow Danya’s advice 24 (55)
I feel comfortable with Danya 22 (50)
I would like to continue working with Danya 22 (50)
Danya cares about me 19 (43)
Danya made me feel less nervous about dense
breasts

18 (40)

I trust Danya 16 (36)
Danya was repetitive 15 (34)
I would rather talk to my nurse than Danya 7 (16)
I would rather talk to my doctor than Danya 5 (11)

1N’s and % reflect those that selected strongly agree or agree except for
computer-animated agent the last three questions which reflect those
responding strongly disagree or disagree

Table 1 Characteristics of Focus Group Participants (N = 44)

Variable Mean (SD)

Age 59.0 (8)
Frequency (%)

Race/ethnicity
Non-Hispanic White 6 (14)
Black 32 (73)
Hispanic White 2 (5)
Other 1 (2)
Declined 3 (7)

Education
< High school 6 (14)
High school/GED 15 (34)
Some college, no degree 9 (20)
Associate 7 (16)
Bachelor’s 3 (7)
Masters 4 (9)

Satisfaction with mammogram results
information (pre-intervention)
Very satisfied 25 (57)
Somewhat satisfied 10 (23)
Neutral 6 (14)
Somewhat dissatisfied 1 (2)
Very dissatisfied 1 (2)
Missing 1 (2)
Told has dense breasts
Yes 14 (32)
No 16 (36)
Unsure 11 (25)
Missing 3 (7)

Breast density information sources1

No information obtained 20 (45)
Primary care doctor 13 (30)
Notification letter 5 (11)
Radiologist 1 (2)
Breast technician 8 (18)
Internet 1 (2)
Friends/family 3 (7)

1.Percentages do not add to 100 because participants could select
multiple responses
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difficult for women to understand based on the information
presented.
Table 3 displays the percent of women who agreed with

each knowledge item pre- and post-, along with representative
quotes, which highlight some of the challenges in communi-
cating about these concepts to women. The proportion of
correct responses significantly increased for six of 12 true/
false knowledge questions in the post-intervention period.
Women were more likely to report that having dense breasts
increases risk for cancer (42 to 74%, p < 0.01), almost half of
women have dense breasts (37 to 72%, p = 0.02), having dense
breasts makes it harder to see cancer on a mammogram (58 to
81%, p = 0.03), and having dense breast may mean they
should have other screening tests (70 to 91%, p = 0.01). More
women correctly reported that breast density cannot be felt in
the post-test, but the proportion remained modest (pre: 26%,
n = 11, post: 54%, n = 23; p < 0.01). Women demonstrated

continued confusion about whether breast density changes as
they get older, dense tissue is made up of fat, or whether lower
breast density means a woman will not get breast cancer.

Multi-stakeholder Acceptability Survey. Clinician (n = 5) and
non-clinician (n = 9) stakeholders provided positive feedback
on Danya and the education strategy (Table 4). Most reported
that the agent would be easy for them or their patients to use
(79%, n = 11) and understand (86%, n = 12). The most com-
monly endorsed uses of the computer agent were to learn
information about the mammography process (64%, n = 9),
or learn more about (mammogram) results (50%, n = 7). Most
stakeholders felt that a patient education strategy including a
computer-animated agent was better than current practice
(86%, n = 12), would help them/their patients make more
informed decisions (64%, n = 9), and would generate more
benefit than harm (79%, n = 11). Fewer stakeholders felt that

Table 3 Focus Group Pre-Post Comparison of Satisfaction, Information Needs, and Knowledge

Pre
N (%)

Post
N (%)

Sample quote

Satisfaction1 (N = 24)
Satisfaction with amount of breast density

information*
5
(21%)

29
(67%)

“I like the fact that she definitely said if you have any questions you can get
more information. We need to be able to know that we can do that because
it is really impossible to process all the information…that part was really
good.”

Satisfaction with quality of breast density
information*

4
(17%)

27
(64%)

“[Danya] did present it very well. I thought the information was right on
point.”

Has unanswered questions about breast density 16
(67%)

13
(54%)

“If someone has dense breasts… how do you know it’s not cancerous?
How do you find out?”

Knowledge2 (N = 43)
Breast density is something you or your doctor

can feel during an exam*
11
(26%)

23
(54%)

“Is there any way to know without the pictures? As an older woman, when
gravity starts to take hold, is there any way to know the difference just from
the outside? Can you tell what’s going on inside?”
“I’m in my 50s, and I’m trying to figure out as I get older, is it going to get
worse –the density? GEUHAs you get older, the density is more pain, if
you touch it, is it more sensitive?”

Breast density changes as you get older* 34
(79%)

24
(56%)

A doctor can see how dense your breasts are
from looking at a mammogram

39
(91%)

41
(95%)

“From this point, I understand what density means just by looking at it.”

Having dense breasts increases your risk for
cancer*

18
(42%)

32
(74%)

“I guess the whole point of this is know that you have a mammogram,
know that dense breasts are going to make you more likely to have cancer.”

Almost half of women have dense breasts* 16
(37%)

31
(72%)

P3: “First of all, that over half of all women have dense breasts… P5: I did
not know that either… P1: Yeah I thought it was less common.”

Having dense breasts makes it harder to see
cancer on a mammogram*

25
(58%)

35
(81%)

“I did think that picture was helpful because I did not know that dense
breasts looks white and the cancer looks white also. I did not know that.”
“So I believe breast density has a lot to do with not being able to detect it
with just a mammogram.”

Having dense breasts makes it easier to see
cancer on a mammogram*

23
(54%)

32
(74%)

No quotes represent this concept.

Having dense breasts may mean I should have
other screening tests to see if I have cancer*

30
(70%)

39
(91%)

“I really appreciated the information she gave when she said you should get
the MRI as a second test other than the mammogram if you have dense
breasts… Sometimes you do not know what else to do. You do not know
what to ask for.”

Eating healthier will change my breast density 25
(58%)

31
(72%)

“We talk about being obese is one of the indicators. They say you are most
likely to get breast cancer if you are obese? Do you talk about preventive
care?”

Having lower breast density means I will not get
breast cancer.

40
(93%)

39
(91%)

“Women that get breast cancer do not always have to have dense breasts
right? Because I have a few friends who do not have dense breasts, who
have breast cancer.”

Dense breast tissue is made up of fat 13
(30%)

11
(26%)

“What causes fatty tissues to build up in your breasts like that?”
“Can the fatty tissue turn into density?”

Most women with dense breasts will not get
breast cancer

4 (9%) 9
(21%)

“Just because you have dense breasts does not mean you are going to have
breast cancer. Complete news.”

Asterisk indicates change is statistically significant at α= 0.05 using McNemar’s test with an exact option
1Women responding “very satisfied.” N= 24 because 20 participants reported having obtained no information about breast density prior to the focus
group and did not complete these questions pre-testing. Therefore, pairing was only possible for 24 participants
2Percentages of women answering correctly with data available pre-and post-intervention
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the strategy would save time (36%, n = 5), or among non-
clinicians only, would help them worry less (29%, n = 4).

DISCUSSION

This study tested the acceptability of a computer-animated
agent prototype to deliver breast density information among
a multi-stakeholder group and its impact on women’s knowl-
edge, informational needs, and satisfaction. We found that
knowledge for many items improved and satisfaction was
high, but some misconceptions persisted. Results of the stake-
holder survey suggest initial acceptability of the prototype.
Our findings point to several areas where breast density infor-
mation provision can be improved for diverse populations
using technology-based, interactive solutions.
Qualitative and quantitative results underscore that breast

density is not an intuitive concept for many women. Most
focus group participants (75%) rated Danya as easy to under-
stand, yet qualitative data demonstrated that women struggled
to explain foundational concepts communicated in the proto-
type. The computer-animated agent did improve knowledge
about breast density as a risk factor for cancer, with 75% of
women understanding this in the post-intervention assess-
ment. This rate is higher than other studies examining knowl-
edge after dense breast notifications where 37–53% under-
stand this concept after reading the notification.9, 12, 25 While
the prototype described breast density in what is considered
common terminology (i.e., the amount of fatty tissue relative
to connective tissue in the breast), participants clearly had
lingering questions about this definition and its meaning after
a brief exposure. We will thus refine the agent to include
question prompts to elicit understanding and respond with

alternative explanations, clarifications, and use additional sup-
portive images to explain breast density. The flexibility of the
computer-animated agent’s approach fits with data suggesting
that personal relevance, context, and readiness are important
considerations in learning new health concepts.39

Women highlighted that learning about mammography re-
sults, usually outside of the doctor’s office, heightens anxiety
when results include new terminology. Anxiety and worry
have long been associated with breast cancer screening40–43

and breast density notification.21 However, interventions that
comprehensively address both informational and psychosocial
needs over the course of the entire screening process—from
referral to diagnostic resolution—are limited. Computer-
animated agents are responsive to this problem in that they
deliver information on personally relevant screening topics
and interact with women to provide emotional support. They
have been shown to reduce anxiety, boost confidence,31 and
support shared decision-making32 across health topics. Most
mammography results dissemination continues to be done
outside of the context of a visit, does not satisfy women’s
informational needs,44, 45 and is accompanied by provider
reticence to comprehensively counsel on breast density,16–18

including risk assessment.46–49 The agent has the potential to
effectively address these challenges that inhibit informed dis-
cussions about supplemental screening. More robust explana-
tions about breast density and identifying when provider con-
tact is needed may improve trust in the agent and reduce the
number of individuals who reported they wanted to talk to
their doctor after using the prototype, which was high at 57%.
We believe this primarily reflects the brevity of exposure to
new content and lack of personalized information available in
the current version. Future applications of this technology will
incorporate personal risk assessment and integrate with the
medical record so that patient confidence and clinical care

Table 4 Clinician (n = 5) and Non-clinician (n = 9) Stakeholder Feedback on Computer-Animated Agent

N (%) agreement

Acceptability of the computer-animated agent
The amount of information provided by the computer-animated avatar was just right 9 (64%)
The computer-animated avatar would be easy for me (my patients) to use 11 (79%)
The information provided by the computer-animated avatar would be easy for me (my patients) to understand 12 (86%)

I would want (my patients) to use the computer-animated avatar to:
Learn information about different parts of the mammography process 9 (64%)
Learn more about my (their) results 7 (50%)
Learn about my (their) breast cancer risk 5 (36%)
Help reassure me (them) if they were concerned 3 (21%)
Make a plan to reduce my (their) breast cancer risk 3 (21%)
Remind me (them) when I (they) need their next mammogram 5 (36%)

Acceptability of the delivery strategy
This strategy is better than how I (women) currently get information about breast density and breast cancer screening options 12 (86%)
This strategy is compatible with the way I think things should be done 11 (79%)
Compared with my usual approach, this strategy will help me (my patients) make more informed decisions 9 (64%)
Using this strategy will save me time 5 (36%)
Using this strategy will help me worry less1 4 (29%)
This type of strategy is suitable for helping me (patients) make decisions that are consistent with my (their) values 7 (50%)
This strategy complements my usual approach2 5 (36%)
This strategy does not involve making major changes to the way I usually do things 3 (21%)
There is a high probability that using this strategy may cause/result in more benefit than harm 11 (79%)

1This item was only asked of non-clinical stakeholders
2This item was only asked of clinical stakeholders
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could be improved. This study has demonstrated preliminary
acceptability of this approach among a diverse set of stake-
holders including clinicians, and addressing areas of modest
satisfaction will enhance this prototype.
Results from the stakeholder survey indicate that this group

of clinician and non-clinician professionals views the
computer-animated agent as an information conduit for wom-
en; 64% endorsed the agent for providing information about
mammography. Fewer supported the modality for learning
about results (50%) or learning about their risk (36%). Given
the time constraints and difficulty of using online risk calcu-
lators, which require high levels of health literacy skills to
complete,50 we expected higher levels of endorsement of these
activities. Yet, responses may reflect concerns about patients
interacting with risk assessments without clinical guidance.
These include the inherent uncertainty in risk estimates, espe-
cially in light of their modest discriminatory accuracy; the
proliferation of commercial risk tools with persuasive messag-
ing; and a lack of data on the effects of online tools for
underserved populations.51–53 To achieve meaningful
evidence-based decision-making for women with dense
breasts, a computer-animated agent intervention must address
these shortcomings of online, stand-alone tools by coordinat-
ing with health systems and providing physician support.
Integration must be balanced with patient privacy concerns
that were raised, underscoring the need to carefully consider
where and how the computer-animated agent connects with
other systems and minimize the transfer of protected health
information. Optimizing these features, including integration
within clinical practice and minimizing provider burden after
agent interactions, will be the focus in future iterations. In
addition, the fully interactive conversational agent uses fully
constrained user input, enabling its advice to be completely
validated (unlike chatbots and conversational assistants that
use unconstrained natural language input.54

There are several limitations to this research. As a pilot
study, the sample sizes across women and stakeholders are
modest, limiting our explanatory power in the pre-post survey
analysis. However, we see several important differences in
knowledge for women, and these results are bolstered by the
extensive qualitative data collection from nine focus groups.
We tested the prototype in a group setting at a single time point,
and we were unable to test the interactive nature of the system,
which is discordant with how women will ultimately use the
intervention (i.e., alone, longitudinally, and interactively). Fur-
ther, we did not have sufficient sample sizes to examine stake-
holder survey data by stakeholder type. We did see generally
high levels of agreement across acceptability metrics, which
suggests marginal utility of group comparisons, although re-
sults may be subject to some social desirability bias. Finally,
our sample was predominantly black, which may not be rep-
resentative of other groups’ informational needs. However, the
disproportionate mortality from breast cancer among black
women speaks to the importance of engaging minority women
in understanding their own cancer risk and evidence-based

screening practices, especially given their underrepresentation
in cancer control and prevention research.55, 56

CONCLUSIONS

This study demonstrated initial acceptability of a computer-
animated agent to deliver breast density information with a
positive impact on knowledge. Findings can inform breast
density education efforts in highlighting misperceptions that
persisted following a brief educational exposure using com-
monly delivered information. Results reported by multiple
stakeholders demonstrate the need for an integrated,
evidence-based intervention that is easy to understand, yet
maintains patient privacy. Future work should focus on how
interactive interventions can be uniquely tailored to meet both
the informational and psychosocial needs of women undergo-
ing mammography across the entire diagnostic process.
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