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Abstract

Background: Clinical decision aids may support shared decision-making for screening mammography. To inform
shared decision-making between patients and their providers, this study examines how patterns of using an EHR-inte-
grated decision aid and accompanying verbal patient-provider communication predict decision-making satisfaction.

Methods: For 51 patient visits during which a mammography decision aid was used, linguistic characteristics of
patient-provider verbal communication were extracted from transcribed audio recordings and system logs automati-
cally captured uses of the decision aid. Surveys assessed patients’ post-visit decisional satisfaction and its subcompo-
nents. Linear mixed effects models assessed how patients'satisfaction with decision making was related to patterns of
verbal communication and navigation of the decision aid.

Results: The results indicate that providers' use of quantitative language during the encounter was positively associ-
ated with patients’ overall satisfaction, feeling informed, and values clarity. Patients' question-asking was negatively
associated with overall satisfaction, values clarity, and certainty perception. Where system use data indicated the dyad
had cycled through the decision-making process more than once (“looping”back through pages of the decision aid),
patients reported improved satisfaction with shared decision making and all subcomponents. Overall satisfaction,
perceived support, certainty, and perceived effectiveness of decision-making were lowest when a high number of
navigating clicks occurred absent “looping!”

Conclusions: Linguistic features of patient-provider communication and system use data of a decision aid predict
patients’ satisfaction with shared decision making. Our findings have implications for the design of decision aid tools
and clinician training to support more effective shared decision-making for screening mammography.

Keywords: Breast cancer screening, Clinical decision support tool, Computational text analysis, Decisional
satisfaction, Shared decision-making

Background

Each year in the U.S., approximately 237,000 women are
diagnosed with breast cancer, and about 41,000 women
die from the disease [1]. Mammography has substantially
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mammography is especially challenging among average
risk women aged 40-49, who have lower breast cancer
incidence and higher false positive rates [4]. Even when
patients are motivated to make careful screening deci-
sions, weighing numerous relevant factors can be daunt-
ing for patients and providers [5, 6]. The complexity of
these decisions has prompted national guidelines that
encourage shared decision making (SDM) [7], a bi-direc-
tional process in which both the patient and provider
contribute to reaching a decision that reflects a patient’s
risk profile as well as personal preferences [8]. However,
guidelines do not specify mechanisms to operationalize
the recommendation to perform SDM.

Though SDM may bring many benefits [9], it presents
challenges in practice [10-12], requiring busy clinicians
to elicit patients’ concerns and preferences regarding
screening and deliver complex information that patients
may struggle to comprehend, often involving numerical
risks and technical terms [13-17]. A range of technol-
ogy-supported clinical decision aids have emerged to
facilitate SDM [18]. Such tools can help providers effec-
tively convey information and help patients to participate
actively in SDM [19]. These tools may present personal-
ized risk and benefit information through interactive
visualizations, help patients understand technical terms,
and prompt clarification of patients’ personal values [20].

Prior work has categorized decision support aids into
several types, including patient decision aids that can
be used independently (i.e., ahead of or after clinical
encounters), those that digitally mediate interactions
between a provider and patient, and those used in face-
to-face clinical encounters [21, 22]. While a number of
studies have focused on independently-used patient deci-
sion aids [22], this paper focuses on tools used in face-
to-face settings that are navigated by the provider, which
we refer to as Clinical Decision Support Tools (CDSTs).
Using CDSTs can focus both the patient and provider’s
attention to the information being weighed in the deci-
sion process, and allow for concurrent verbal communi-
cation by providers and patients to reach a decision [21].
Thus far, evidence points to mixed effectiveness of using
CDSTs in clinical encounters to support SDM. Some
studies show that the use of CDSTs is associated with
higher encounter ratings [23], increased patient knowl-
edge [20, 24], decreased cancer-related distress [25], and
reduced surgery costs [14]. In contrast, other studies find
no link between use of CDSTs and patients’ knowledge
[26], distress [27], or participation in SDM [28].

The inconsistent effectiveness of CDSTs may reflect,
in part, how providers use these tools within encoun-
ters. While limited work has assessed how use of CDSTs
affects the encounter, related work has examined use
of electronic health records (EHR) during clinical
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encounters. These studies suggest that increased navi-
gation of the EHR via mouse clicks can lead to provider
fatigue and cause medical errors [29], and may result in
less patient-centered communication and involvement
as providers divide attention between the computer
and patient [29, 30]. However, specific uses of CDSTs
may underlie more effective SDM processes. For exam-
ple, providers may backtrack in the tool (i.e., perform a
‘loop’) to run through different scenarios relating to the
decision-making process. Such looping might capture the
extent to which patients and providers engage purpose-
fully with the tool and work through different possible
risks and benefits. Since SDM is characterized by consid-
eration of different options and outcomes [11], looping
might allow providers and patients to examine a greater
number of possible consequences, facilitating patients’
understanding of medical options, and, in the process,
clarifying their own preferences.

Effective verbal communication between provider and
patient is also a central component of clinical encounters.
Several studies examine the linguistic features of pro-
vider communication, finding associations with patient
satisfaction and outcomes [31-34]. However, linguis-
tic features of verbal interactions have not been exam-
ined in the context of mammography SDM, or when
using a CDST. Verbal communication may complement
the interaction with the CDST, allowing the provider to
respond to emergent patient concerns by elaborating,
reiterating, or clarifying the information conveyed by the
tool.

This study seeks to provide an initial understanding
of how patterns of interaction, considering how both
patient-provider verbal communication and navigation
of the CDST are associated with women’s satisfaction
with SDM. We examine these questions in the context of
a CDST supporting mammography SDM that has been
embedded in the EHR within a healthcare system and
available to all providers as a resource to support mam-
mography decision making since 2016. Our approach
may inform future research examining heterogeneity in
CDST use and its association with SDM outcomes. Find-
ings may also suggest considerations related to the design
of decision aids, and help identify areas where providers
may need more training and support in enacting an effec-
tive technology-supported SDM process to help women
make complex cancer screening decisions.

Research questions and hypotheses

Our analyses are guided by a series of research ques-
tions and hypotheses about the ways SDM outcomes
may relate to provider-patient verbal communication and
CDST navigation.
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As far as the effective elements of provider-patient ver-
bal communication, prior work suggests that patient sat-
isfaction is positively associated with both the volume of
communication between provider and patient, and with
the frequency of questions from patients [31, 35-37].
In the context of SDM, patient word count may suggest
active involvement in the discussion, which may translate
to feeling more satisfied that decisions reflect their pref-
erences and values [27, 32]. Likewise, asking more ques-
tions may reveal participation in SDM, highlighting areas
where the patient lacks understanding and eliciting addi-
tional explanation to satisfy informational needs [38, 39].
Providers’ “affect words” reference positive or negative
moods or mindsets (e.g., nice, sweet, sad, worried). In the
context of mammography decision-making, such words
may demonstrate providers’ attentiveness to the personal
effects of medical decision-making, with such consid-
eration potentially influencing rapport and partnership
during medical visits and increasing SDM satisfaction.
Moreover, quantifier words (e.g., few, many, much) are
essential for clear presentation of potential consequences
associated with different care plans, and a critical part of
informed decision making [13].

Next, we examine the impact of CDST navigation,
measured by clicks (selecting or navigating between ele-
ments of the tool’s interface) and loops (backtracking in
the tool to revisit a prior page). The implications of clicks
are unclear in the context of a CDST for SDM, where
clicks may also serve to uncover personalized informa-
tion but might also be associated with fatigue, errors, and
distraction. Loops may reflect a more directed type of
use, allowing providers to work with patients to under-
stand the implications of varying decisions and their
consequences, helping patients to clarify their values and
preferences, and ultimately supporting SDM satisfac-
tion. Finally, the relationship between clicks and loops is
unclear. Thus, we examine whether the potential associa-
tion between clicks and SDM satisfaction may change as
a function of whether those clicks are devoted to looping,
or to other activities within the tool.

We propose the following hypotheses and research
questions:

Hla & b: Overall word count (a) and more patient
questions (b) will be positively associated with SDM
satisfaction.

RQ1 & 2: What is the relationship of providers’ use of
affect words [1] and quantifier words [2] with SDM
satisfaction?

RQ3: What is the relationship between clicks in a
CDST and SDM satisfaction?

RQ4: What is the relationship between looping in a
CDST and SDM satisfaction?
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RQ5: Is there an interaction between clicks and loops
on SDM satisfaction? (i.e., Does the relationship
between clicks and SDM satisfaction vary based on
the number of loops?)

Methods

Study context

This study examined these issues in the context of a
CDST called the Breast Cancer Risk Estimator-Deci-
sion Aid (BCaRE-DA), a software platform designed
for collaborative use by patients and providers to sup-
port informed breast cancer screening decisions, and
emphasizing average risk women aged 40—49, for whom
these decisions can be particularly challenging [23, 40].
BCaRE-DA seeks to help the patient-provider dyad
engage in a thorough, systematic, and interactive process
in which they touch on factors including women’s fam-
ily history, race, ethnicity, and breast density, and enter
these data into the tool to allow personalization of an
individual’s risk profile. In creating the CDST, a multi-
disciplinary design team relied on input from women
aged 40-49, and from providers experienced in support-
ing mammographic decision-making.

While verbally communicating with a patient, a pro-
vider clicks through a series of pages in the BCaRE-DA,
first entering individual data and the patient family his-
tory, then viewing personalized risk information, and
ultimately making a collaborative decision. BCaRE-DA
prompts a chronological sequence of activities. The
provider moves sequentially through several pages:
data entry, baseline assessment, and screening deci-
sion options. First, on the “Data” page (Additional file 1:
Fig. 1a), age and other information gathered from the
electronic record are pulled into the tool and can be
reviewed and corrected with the patient’s input. On the
“Assessment” page, the patient’s estimated risk of breast
cancer development in the next 10 years is displayed
numerically or as a bar graph, as well as guideline recom-
mendations (Additional file 1: Fig. 1b). On the “Decision”
page, the provider and patient can see a visualization of
the likelihood of possible outcomes if they make a par-
ticular decision, i.e., to get a screening mammogram or
not (Additional file 1: Fig. 1¢). Patients and providers may
also return to prior pages to edit data, enter additional
data, and to refresh or review personalized risk and ben-
efit information.

The BCaRE-DA tool was first implemented in the EHR
in May 2016, with its uptake supported by distribut-
ing a reference document to primary care providers that
illustrated how to access the tool within the EHR, and
through providers discussing the tool and recommend-
ing it to colleagues. The tool developers tracked tool use
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over time. Utilization of the tool increased slowly dur-
ing the time prior to this study, which was conducted
between May 2017 and May 2018. A limited number of
primary care providers who were already using the tool
(early adopters) and who had a patient panel meeting the
inclusion criteria (women 40—49) were invited to partici-
pate. Eleven providers agreed to participate and provided
informed consent. Their female patients aged 40—49 who
had an average risk of developing breast cancer were
invited to the study if they scheduled a primary care
appointment with these providers in which a discussion
of mammography screening would be appropriate. Dur-
ing the visit, providers used the tool to guide a discussion
leading to a decision regarding screening mammography.
These discussions were audiotaped and transcribed, and
all page views within the BCaRE-DA tool were automati-
cally recorded in a system use log. Within a week after
the visit, patients were mailed a survey to gauge satis-
faction with various elements of SDM. The study was
approved by the institution’s Institutional Review Board.

Participants

Eligible participants had no history of dementia or breast
cancer, spoke English as their primary language, and were
willing to use the BCaRE-DA tool to support their deci-
sion-making regarding screening mammography and to
have their interactions audio recorded and logged by the
BCaRE-DA tool. While women were eligible whether or not
they had past mammography experience, those who had a
mammogram in the nine months preceding their scheduled
visit were excluded as they would not yet be eligible for their
next mammographic screening. Sixty-three eligible patient
participants provided informed consent. We had complete
data for 51 of these patients (analyzed here), comprising the
audio transcription, completed post-visit patient survey,
and system use logs for the BCaRE-DA tool. Figure 1 sum-
marizes data completeness for the 63 eligible participants.
All records were merged based on patients’ and clinicians’
unique identifiers, which were recorded in all data files.

Linguistic dimensions of verbal communication

Audio recordings of the study visits were transcribed by a
professional transcriptionist. Transcripts were then auto-
matically coded for linguistic dimensions of providers’
and patients’ verbal contributions during the encounter
using the Linguistic Inquiry and Word Count (LIWC)
software [41], a dictionary-based text analysis program.
LIWC calculates the percentage of words in a segment of
text that fall into pre-defined linguistic categories (i.e., the
count of words that fall in a linguistic category, divided
by the count of total words). For example, a provider who
used 20 affect words out of 500 words uttered during the
visit would have an affect word score of 4%. Following
from our research questions and hypotheses, the analyses
included five linguistic categories: total number of words
used by each speaker (patient or provider), patient ques-
tions, provider affect words (e.g., happy, worried), and
provider quantifiers (e.g., few, many) (for more examples,
see Pennebaker et al., 2007).

Survey data

Overall Decisional Satisfaction was measured using the
Decisional Conflict Scale (DCS) developed by O’Connor
[42].The measure includes 15 items that were rated
on a 5-point scale ranging from 0 (Strongly Agree) to 4
(Strongly Disagree). The formula defined by O’Connor
calls for items to be summed, divided by 15, and multi-
plied by 25, such that total scores range from 0 to 100.
For ease of interpretation, decisional conflict scores were
reverse coded such that higher scores indicate higher
satisfaction with SDM, whereas lower scores represent
lower satisfaction with SDM [43].

Our study also examined five subscales of the DCS,!
representing patients’ perceptions that: 1) they were
well informed when making their decision (“informed
decision”); 2) they understood which risks and benefits

! The questionnaire for the five dimensions of SDM satisfaction is presented
in the “Appendix”.
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matter most to them (“values clarity”); 3) they received
adequate support and/or advice (“support perception”);
4) they felt confident that their choice was best for them
(“certainty perception”); and 5) they felt their decision
was effective (“effective decision”). Subscale scores were
summed, divided by the number of items, multiplied by
25 [42], and reverse coded to ease interpretation.

Covariates/control variables were years of education
and prior mammography experience. The level of educa-
tion may affect SDM by influencing patients’ confidence
to participate in SDM or ability to process complex or
technical information. We recoded patients’ highest
completed education level into a continuous variable by
estimating the total years of education corresponding
to each categorical response (e.g., those with some col-
lege or a 2-year degree were assigned a value of 14 years,
and those with a 4-year degree were assigned a value of
16 years, etc.). Prior mammography was a binary vari-
able capturing whether patients had ever had a mammo-
gram. As participants’ eligibility for the study was based
on their age and being at average risk of breast cancer, we
did not control for age or for aspects of patients’ medical
history.

System use data

The CDST automatically recorded system navigation in
usage logs. Two variables were extracted from the logs: 1)
the number of mouse clicks, and 2) the number of loops.
We define a loop as returning to any previous page in the
sequence. For example, one patient’s record might show
two loops, one where the clinician navigated from the
Assessment page back to the Data page, and then later
from the Decision page back to the Assessment page.
Such loops allow clinicians to re-enter or edit patient
data and to re-populate personalized recommendations
or adjust how they are visualized, thus allowing for test-
ing alternative scenarios, further processing information,
or simply confirming and reinforcing the decision.

Data analysis
Providers may each have a unique approach to facilitat-
ing SDM. To take account of the effects of providers’ dif-
fering styles, we conducted a series of linear mixed-effect
models wherein patients were nested within clinicians.
The use of linear mixed-effect models can provide stand-
ard errors corrected for non-independence in the data
and information about effects within and between groups
[44]. We controlled patients’ years of education and prior
mammography experience as covariates when examining
the relationship between linguistic and system use fea-
tures and study outcomes.

We ran separate models predicting overall decisional
satisfaction and each of its five subscales in relation to
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Table 1 Descriptive table for linguistic features, system use and
survey measures

Mean sD Cronbach’s a
Provider word count 9164 381
Patient word count 192.8 160.23
Patient question marks 1.24 1.26
Provider affect words 4.07 0.99
Provider quantifier 3.95 0.75
Number of mouse clicks 11.61 7.09
Number of loops 0.51 0.73
Overall decisional satisfaction 4492 11.79 093
Feeling informed 40.03 14.24 0.82
Values clarity 51.72 18.03 0.82
Support perception 45.92 9.77 0.69
Certainty perception 62.75 18.28 0.82
Effective decision 37.38 11.29 0.84

language use and system use data. The independent
variables in the fixed effects were: provider word count,
patient word count, patient question asking, provider
affect words, provider quantifier words, clicks, loops,
and the click by loop interaction (only entered in model
2). Covariates were patients’ years of education and prior
mammography. Provider identifier was entered as a ran-
dom effect.

Results

Patient profile

The mean age of participants was 44.1 years (SD=2.7).
As far as the highest completed level of education, 7.8%
had some high school or a high school diploma, 20.4%
had some college or 2-year degree, 38.9% had a 4-year
college degree, and 33.3% had completed more than a
4-year college degree. Forty-five of the 51 participants
(88.2%) reported having mammography before. All had
health insurance.

Provider profile

Ten female clinicians and one male clinician working at
the study University participated in this study. Their ages
ranged from 37 to 63 years old, and they had 9-36 years
in practice in primary care. Three were physicians from
Internal Medicine, six were physicians from Family Med-
icine, and two were nurse practitioners from Ob/Gyn.
Providers conducted between 2 and 9 visits each as part
of this study. Table 1 presents the descriptive linguistic
features, system log data, and measures from the survey.

Main effects
Hla predicted that word counts contributed verbally by
providers and patients would be associated with SDM
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Table 2 Linear mixed-effect model of linguistic features and system use predicting patients’ overall decisional satisfaction

Model 1 (only main Model 2 (interaction

effects) effects)

B SE p value B SE p value
Patient demographics
Patient’s years of education —0.21 0.12 0.08 —-0.17 0.12 0.12
Mammaography history (No=0; Yes=1) —0.12 036 0.74 0.09 033 0.80
Linguistic features
Provider word count 0.14 0.13 0.28 0.08 0.12 049
Patient word count —0.11 0.13 0.38 —0.12 0.12 0.34
Patient question marks —0.32%* 0.12 0.01 —0.40%%* 0.12 0.001
Provider affect words —0.11 0.13 040 —0.06 0.12 0.60
Provider quantifier words 0.30** 0.12 0.01 0.23* 0.11 0.04
System use
Total clicks —0.27* 0.12 0.02 —0.31** 0.11 0.000
Loops 0.34* 0.12 0.004 037 0.11 0.22
Interaction
Loops* Total clicks 0.40%* 0.13 0.003
Constant 0.10 033 0.000 —0.13 031 0.000
Random effects
Between-provider variance —24.63 7.99 — 24.25%%* 591
Log likelihood —5691 —5273
Wald Chi2 40.67 56.98

*p<.05.**p<.01. ***p <.001

satisfaction, but this hypothesis was not supported, as
patient and provider word use were not significantly
associated with study outcomes. H1b predicted that
question-asking from patients would be associated with
SDM satisfaction, but this was also not supported and,
contrary to our expectations, asking more questions was
negatively associated with patients’ overall satisfaction
(B= —0.32, p=0.01) (Table 2), values clarity (B= —0.39,
p=0.001) (Additional file 1: Table 4), and certainty per-
ception (= —0.32, p=0.001) (Additional file 1: Table 6).

RQ1 examined the relationship between provider affect
words and SDM satisfaction. Provider affect words were
not associated with study outcomes.

RQ2 investigated the relationship between provider
quantifier words and SDM satisfaction. Provider use of
quantifier language was significantly positively associated
with overall satisfaction (3=0.30, p=0.01) (Table 2),
feeling informed (f=0.37, p=0.002) (Additional file 1:
Table 3), and values clarity (3=0.33, p=0.01) (Addi-
tional file 1: Table 4).

RQ3 investigated the relationship between clicks and
SDM satisfaction. Total clicks were negatively associated
with overall satisfaction (= —0.27, p=0.02) (Table 2),
feeling informed (B=—0.25, p=0.04) (Additional
file 1: Table 3), support perception (= —0.30, p=0.03)

(Additional file 1: Table 5), and certainty perception
(B= —0.34, p=0.01) (Additional file 1: Table 6).

Finally, RQ4 investigated the relationship between
looping and SDM satisfaction. Our results indicated
that looping back through CDST pages was positively
associated with overall decisional satisfaction (p=0.34,
p=0.004) (Table 2), feeling informed (p=0.24, p=0.04)
(Additional file 1: Table 3), values clarity (p=0.26,
p=0.03) (Additional file 1: Table 4), support perception
(B=0.36, p=0.01) (Additional file 1: Table 5), certainty
perception (p=0.26, p=0.03) (Additional file 1: Table 6),
and effective decision-making (f=0.34, p=0.01) (Addi-
tional file 1: Table 7).

Interaction effects

We finally examined the interaction effects between
clicks and looping on SDM satisfaction (RQ5). We found
significant interactions between clicks and looping such
that, when click count was higher in the presence of more
loops, patients felt more satisfied overall (Loops*clicks:
p=0.40, p=0.003, see Table 2; Fig. 2), more supported
(Loops*clicks: p=0.43, p=0.0001, see Additional
file 1: Table 5; Additional file 1: Fig. 2a), more certain
(Loops*clicks: p=0.42, p=0.003, see Additional file 1:
Table 6; Additional file 1: Fig. 2b), and perceived greater
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effectiveness of the decision (Loops*clicks: p=0.50,
p=0.001; see Additional file 1: Table 7 and Additional
file 1: Fig. 2c); these ratings were especially poor when
click count was higher in the absence of looping.

Discussion

This study examined how satisfaction with decision-
making around screening mammography was related to
navigation patterns of a CDST and concurrent linguistic
features of patient-provider verbal communication. Find-
ings from our study suggest that linguistic dimensions of
the encounter and behavioral data gathered in CDST log
files are both associated with patients’ SDM satisfaction.
Specifically, whereas the amount of communication (i.e.,
speaker word count) and provider affect words showed
no association with satisfaction, patient satisfaction was
associated with the rate at which providers used quanti-
tative language. Patient question asking was negatively
associated with overall decision-making satisfaction.
Regarding CDST use, our findings suggest that more
clicks within the tool were negatively associated with
SDM satisfaction, whereas looping back through pages
in the tool was positively associated with SDM satisfac-
tion. Moreover, patients felt more satisfied when high
click counts occurred with looping, whereas patients felt

less satisfied when high click counts occurred without
looping.

Linguistic features

These findings are consistent with prior studies in high-
lighting the importance of quantitative information
in facilitating decision-making [15, 16]. Many CDSTs,
including the tool evaluated in this study, describe breast
cancer risks with precise numbers or graphical presen-
tations, which can help patients understand probabili-
ties [9, 14] and make informed decisions [15]. Our study
suggests that providers’ verbal communication may also
play an important complementary role in SDM, with the
use of quantifiers likely reflecting efforts to reinforce the
quantitative risk information relayed in the CDST, help-
ing patients better understand screening options. While
our study provides preliminary evidence of the impor-
tance of using quantifiers in SDM accompanying CDST
use, future study may explore the effectiveness of specific
types of quantitative information, as prior work suggests
that different ways of communicating numbers (e.g., odds
ratio, absolute risk difference, relative risk) are associated
with differing levels of comprehension and satisfaction
[33, 34].
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Other findings are not consistent with the prior lit-
erature. Past studies suggest positive associations
between word count, as a proxy of depth of the interac-
tion, and patient satisfaction, whereas we did not find
any such association. However, past studies have not
been conducted in the context of using CDSTs, and it
is possible that word count might work differently in
this context. For example, gestures may play a role in
communication when using a CDST (e.g., pointing to
information or buttons on the screen), relatively brief
utterances could prompt important actions in the tool
(e.g., requests to run through the sequence again), or
too much verbal communication concurrent with tool
use could disrupt or distract processing information
conveyed in the tool. This interplay of communication
volume and tool use warrants further research.

Likewise, regarding affect words, we did not find a
significant relationship to SDM satisfaction, which
could perhaps reflect the sample in this study, with
most patients having completed mammography before.
Most patients therefore have prior experience weigh-
ing potential affective consequences of outcomes like
false positives or cancer diagnoses. For such patients,
perhaps discussing up-to-date quantitative informa-
tion that clarifies their personal risks and benefits
from mammography is of greater value.

Surprisingly, whereas we had hypothesized that
question asking would indicate patients’ active
involvement in SDM and associate with higher satis-
faction, we found that patients who asked more ques-
tions tended to feel less satisfied overall, less clear
about their values, and less certain about their deci-
sion at follow-up. These negative associations need to
be further explored but could suggest that informa-
tion was not clearly conveyed, or that clinicians did
not adequately address patients’ questions. Prior stud-
ies showed that the extent to which patients ask ques-
tions is contingent on the clinicians’ communication
style [45]. Moreover, patients who receive adequate
answers from their clinicians show better psychologi-
cal adjustment than those who do not [46]. A review
of transcripts revealed that patients asked a variety
of questions seeking to clarify information presented
by the tool (e.g., "What is normal? What are the other
normal timelines?"), as well as questions related to
issues that were not addressed in the tool, such as
insurance coverage (e.g., “I don’t think insurance pays
for them yearly—they do?"), and coordination and
scheduling of mammography (e.g., “Is there any way
to coordinate getting that with having to do a physi-
cal or some other reason that I'm coming in... So—and
I can coordinate those two visits?”). However, further
study is needed to systematically examine the types
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of questions patients ask and the adequacy of answers
they receive.

Tool use

Our findings also suggest that looping in a CDST may
play an important role in SDM. Specifically, we found
that the relationship between clicks within the CDST and
SDM satisfaction varied based upon looping in the sys-
tem. With fewer clicks, SDM outcomes were not related
to the extent of provider looping in the CDST. However,
with more clicks, patients reported better SDM out-
comes when clinicians looped through more scenarios
and worse outcomes without looping. This finding may
relate to prior work showing that more clicks in the EHR
are associated with lower patient satisfaction [29, 30].
Our results show that clicks may not be helpful even if
they ostensibly occur in the context of providers and
patients navigating a CDST together, perhaps because
the provider lacks knowledge of how to efficiently use the
tool, or because certain types of engagement with navi-
gating the tool may distract from patient-centered com-
munication. However, directed use of the CDST, such as
when clicks occurred as providers looped through multi-
ple scenarios, may help patients feel more satisfied, more
supported, and perceive more effectiveness about their
decision.

To improve the process of navigating CDSTs, it may be
important to identify where and when clicks occur in the
tool. Higher clicks may be important markers of a chal-
lenging decision process or a provider’s lack of experi-
ence with the tool [47], perhaps capturing struggles to
make sense of the information provided or find the best
choice.

Practical implications
These findings can inform SDM provider training to
optimize CDST use in clinical encounters. There may
be value in providing proper training before large scale
implementation of SDM supported by CDSTs, as it is
possible that inexperience with a CDST could lead to
inefficient use that detracts from SDM. Moreover, it
may be beneficial to educate clinicians on verbal com-
munication skills relevant to SDM, such as how to ver-
balize information in quantitative terms (e.g., risk and
associated outcomes) to accompany the visual displays
in the CDST, provide adequate answers to questions,
and verbally engage patients while simultaneously man-
aging data in the CDST [48]. Moreover, clinicians’ train-
ing could offer additional experience and guidance with
interface elements to reduce unnecessary clicks and save
valuable time during the visit.

These findings also have implications for the design
of CDSTs. To improve patient satisfaction, the digital
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interface must be user-friendly for the patient as well as
the clinician [47, 48]. Our study suggests looking to click
counts to potentially identify specific user interface ele-
ments where the CDST could be improved to further
ease navigation. Designers may also consider how the
tool can help patients to raise questions and find satis-
factory answers. These findings also suggest potential
opportunities to automatically monitor encounters and
to intervene on possible decisional conflict. For example,
if a provider’s use of the CDST involves many clicks but
few loops, the CDST creator could provide additional
resources or tips for navigating the tool.

Limitations and directions for future research

Our study has several limitations. First, we cannot draw
conclusions about the causal relationships among the
measured variables. We assessed relationships between
linguistic patterns and tool use and SDM satisfaction
while controlling for potential confounding variables, but
there may be additional unmeasured factors that contrib-
ute to the observed relationships. For example, patients’
health literacy should likely be a covariate [49].

Second, more work may be needed to distinguish activ-
ities in the CDST that predict SDM in different ways,
including examining when and why clinicians clicked on
different parts of the interface, and whether certain pat-
terns drove the negative association between click count
and patients’ SDM satisfaction. There may also be par-
ticular types of loops that are helpful or unhelpful, based
on the specific scenarios explored.

Additional limitations relate to generalizability. As
the participants are all from one geographic region, it
would be beneficial to replicate this study in other loca-
tions. Our study also has a large proportion of patients
who had a college education or higher, which may limit
the ability to generalize to others. Our patient sample
was also entirely women, and all but one of the provid-
ers in our study were women. Past work suggests that
gender can shape clinical interactions, and it would
likely also have implications for how decision aid tools
can be effectively used. For example, some work sug-
gests that women are more motivated than men to par-
ticipate actively in SDM [50], and that they may have
higher information needs during SDM than men [50].
In addition, patterns of verbal communication during
clinical encounters are known to vary based on the gen-
der dynamics of the provider-patient dyad, with some
research suggesting that female/female dyads are, on
average, more verbally communicative during visits
[51]. These patterns of findings may be consistent with
a high importance of concurrent verbal communication
to reinforce CDST use among women, including dis-
ambiguating and elaborating on the information a tool
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provides. Furthermore, since the providers in this study
were early adopters, future work may examine uses of
CDSTs and SDM outcomes when providers have less
experience with CDSTs or are slower to adopt them.
Finally, our study examined tool use in the absence
of formal training, and future studies may examine
whether formal training (which has been developed
for BCaRE-DA since data collection) could potentially
change use patterns and SDM satisfaction.

As far as future directions, time is an important ele-
ment to consider in relation to any CDST. Time in clini-
cal settings can be understood as the available length
of consultation time and the time constraints perceived
by the provider and the patients [32]. Limited time can
result in providers being more directive and less likely
to encourage patients to ask questions [32], and some
scholars and practitioners argue that time constraint is
therefore the main barrier to SDM [32]. Thus, CDSTs
that can efficiently support SDM are much needed.
The present research did not consider the association
between time using the tool and SDM satisfaction due
to data limitations, nor did it consider its connection
to total word count, but this is a high priority area for
future investigation. If the CDSTs are helpful in SDM
but take too much time to use in the context of clinic
visits, one solution may involve promoting tool use
outside of clinical visits, when patients have extra time
to navigate and reflect on their decisions. For instance,
future work might consider complementary tools or
modules that a patient can use independently. Before
a clinical encounter, such tools could summarize key
information and allow for patients to identify questions
and prioritize discussion topics to cover in clinical
encounters [21]. After an encounter, such tools could
provide methods to seek further information or to con-
nect with peers or professionals for social support [21,
52].

Very limited work has addressed heterogeneity in uses
of CDSTs, and how this predicts satisfaction with deci-
sion-making. As such, this study provides an important
but preliminary step toward understanding these issues.
Future work should seek to confirm these findings with a
larger sample size that provides increased power.

Conclusions

As CDSTs are increasingly deployed to support SDM, it
is critical to understand how specific uses of these tools,
and the accompanying patient-provider communica-
tion, affect SDM satisfaction. This study suggests that
elements of both system navigation and verbal commu-
nication are associated with women’s post-visit satisfac-
tion with SDM, suggesting areas for future study, as well
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as implications for the design of CDSTs and for training
clinicians in effective use of these tools.

Appendix: Items for subscales. All items were
from Decisional Conflict Scale (DCS) developed
by O’Connor [42]

Feeling informed

Do you know which options are available to you?

Do you know the benefit of each option?

Do you know the risks and side effects of each option?
Clarity about risk and benefit

Are you clear about which benefits matter most to you?

Are you clear about which is more important to you (the benefits or the
risks and side effects)?

Receiving adequate support and/or advice

Do you have enough support from others to make a choice?
Are you choosing without pressure from others?

Do you have enough advice from others to make a choice?
Clarity about value and preference

Are you clear about the best choice for you?”

Do you feel sure about what to choose?

Is this decision easy for you to make?

Confidence or certainty about their decision

Are you satisfied with your decision?

Do you feel you have made an informed choice?

Does your decision show what is important to you?

Do you expect to stick with your decision ?

Abbreviations

SDM: Shared decision making; CDST: Clinical decision support tools; LIWC:
Linguistic inquiry and word count; BCaRE-DA: Breast cancer risk estimator-
decision aid.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512911-022-02058-3.

Additional file 1. Figure S1a. 'Data’ page from the Breast Cancer Risk Esti-
mator Decision Aid. Figure S1b. Assessment’ page from the Breast Cancer
Risk Estimator Decision Aid.Figure S1c.'Decision’ page from the Breast
Cancer Risk Estimator Decision Ai. Table S3. Linear Mixed-effect Model

of Linguistic Features and System Use on Patient’s Feeling Informed.
Table S4. Linear Mixed-effect Model of Linguistic Features and System
Use on Patient’s Benefit/Risk Clarity. Table S5. Linear Mixed-effect Model
of Linguistic Features and System Use on Patient’s Support/Advice Percep-
tion. Table S6. Linear Mixed-effect Model of Linguistic Features and
System Use on Patient’s Value Clarity. Table S7. Linear Mixed-effect Model
of Linguistic Features and System Use on Patient’s Confidence/Certainty
about Decision Making. Figure S2a. Interaction effect of clicks and loops
on patient support/advice perception. Figure S2b. Interaction effect of
clicks and loops on patient value clarity.Figure S2c. Interaction effect of
clicks and loops on patient confidence/certainty about decision making.

Page 10 of 12

Acknowledgements
We would like to thank Terry Little for her assistance in collecting data and
Ming-Yuan Chih for his assistance in extracting system log data.

Author contributions

YL led the conception and design of the study and the preparation of the
manuscript. EB, JK and DS led the design and implementation of the experi-
ments, data acquisition and interpretation. YL, EY and RK contributed to data
acquisition and analysis. All the authors revised the paper critically, helped
interpret the results, and improved the discussion. All authors read and
approved the final manuscript.

Funding

This work was supported by the Community-Academic Partnerships core of
the University of Wisconsin Institute for Clinical and Translational Research
(UWICTR) (to EB), grant 9 U54 TR000021 from the National Center for Advanc-
ing Translational Sciences (to EB), the National Institutes of Health, National
Cancer Institute, grant K24 CA194251 (to EB and DS), the University of Wiscon-
sin Carbone Cancer Center, support grant P30 CA014520 (to EB and DS), the
Ministry of Education of the People’s Republic of China, grant 19YJC860029 (to
YL), Shanghai Pujiang Program 2020PJC056 (to YL). The content is solely the
responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health or other funders.

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to human data, but are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the University of Wisconsin-Madison’s Institu-
tional Review Board (protocol ID: 2015-0022). All methods were carried out in
accordance with relevant guidelines and regulations. Informed consent was
obtained from all subjects and/or their legal guardian(s).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'School of Journalism and Communication, Shanghai University, 149
Yanchang Drive, 1006 Xingjian Building, Shanghai 200072, China. 2Depart-
ment of Preventive Medicine, Northwestern University, Chicago, IL 60611,
USA. 3School of Communication and Mass Media, Northwest Missouri State
University, Maryville, MO 64468, USA. *School of Medicine and Public Health,
University of Wisconsin-Madison, Madison, Wi 53705, USA. °>EBSCO Industries,
Madison, WI 53726, USA. ®School of Journalism and Mass Communication,
University of Wisconsin-Madison, Madison, WI 53706, USA.

Received: 28 January 2022 Accepted: 18 November 2022
Published online: 07 December 2022

References

1. CDC. Breast Cancer Statistics 2018.

2. Keating NL, Pace LE. Breast cancer screening in 2018: time for shared
decision making. JAMA. 2018;319(17):1814-5.

3. Pace LE, Keating NL. A systematic assessment of benefits and risks to
guide breast cancer screening decisions. JAMA. 2014;311(13):1327.

4. Burnside ES, Trentham-Dietz A, Shafer CM, Hampton JM, Alagoz O, Cox JR,
et al. Age-based versus risk-based mammography screening in women
40-49 years old: a cross-sectional study. Radiology. 2019;292(2):321-8.

5. Schrager S, Burnside E. Breast cancer screening in primary care: a call for
development and validation of patient-oriented shared decision-making
tools. J Womens Health. 2018;28(2):114-6.


https://doi.org/10.1186/s12911-022-02058-3
https://doi.org/10.1186/s12911-022-02058-3

Liu et al. BMC Medical Informatics and Decision Making

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2022) 22:323

DuBenske LL, Schrager SB, Hitchcock ME, Kane AK, Little TA, McDowell HE,
et al. Key elements of mammography shared decision-making: a scoping
review of the literature. J Gen Intern Med. 2018;33(10):1805-14.
Oeffinger KC, Fontham ETH, Etzioni R, Herzig A, Michaelson JS,

Shih YCT, Breast cancer screening for women at average risk, et al.
Guideline update from the American cancer society. Am Med Assoc.
2015;2015:1599-614.

Schrager SB, Phillips G, Burnside E. A simple approach to shared decision
making in cancer screening. Fam Pract Manag. 2017,24(3):5-10.

Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision
aids for people facing health treatment or screening decisions. John
Wiley and Sons Ltd; 2017.

Hawley, Sarah T. Challenges to measuring and achieving shared decision-
making in practice. Health Expect. 2018;21(1):1-2.

. Geiger F, Liethmann K, Hoffmann F, Paschedag J, Kasper J. Investigating

a training supporting shared decision making (IT'S SDM 2011): study
protocol for a randomized controlled trial. Trials. 2011;12(1):232.

Gruf3 I, Mcmullen CK. Barriers to eliciting patient goals and values in
shared decision-making breast cancer surgery consultations: an ethno-
graphic and interview study. Psychooncology. 2019;28(4).

LeFevre ML. Discussing treatment options with patients. Am Fam Phys.
2010;81(5):645.

Sinayev A, Peters E, Tusler M, Fraenkel L. Presenting numeric information
with percentages and descriptive risk labels: a randomized trial. Med
Decis Mak. 2015;35(8):937-47.

Schwartz PH, Perkins SM, Schmidt KK, Muriello PF, Althouse S, Raw! SM.
Providing quantitative information and a nudge to undergo stool testing
in a colorectal cancer screening decision aid: a randomized clinical trial.
Med Decis Mak. 2017,37(6):688-702.

Stoffel ST, Goodwin M, Sieverding M, Vlaev |, Von Wagner C. Testing verbal
quantifiers for social norms messages in cancer screening: Evidence from
an online experiment. BMC Public Health. 2019;19(1).

Komenaka IK, Nodora JN, Hsu C-H, Martinez ME, Gandhi SG, Bouton ME,
et al. Association of health literacy with adherence to screening mam-
mography guidelines. Obstet Gynecol. 2015;125(4):852-9.

Shortliffe EH, Sepulveda MJ. Clinical decision support in the era of artifi-
cial intelligence. American Medical Association; 2018. p. 2199-200.
Stiggelbout AM, Van Der Weijden T, De Wit MPT, Frosch D, Légaré F,
Montori VM, et al. Shared decision making: really putting patients at the
centre of healthcare. BMJ. 2012:344.

Giles K. Decision aids for people facing health treatment or screening
decisions. Int J Evid Based Healthc. 2015;13(2):112-3.

Elwyn G, Frosch D, Volandes AE, Edwards A, Montori VM. Investing in
deliberation: a definition and classification of decision support inter-
ventions for people facing difficult health decisions. Med Decis Mak.
2010;30(6):701-11.

Joseph-Williams N, Newcombe R, Politi M, Durand M-A, Sivell S, Stacey
D, et al. Toward minimum standards for certifying patient decision aids: a
modified delphi consensus process. Med Decis Mak. 2013;34(6):699-710.
Keevil J, Zelenski A, Leaf M. Patient survey results after use of integrated
EHR decision tool. 37th Annual Meeting of the Society for Medical Deci-
sion Making; October 18-October 21, 2015; St.Louis, MO2015.

Mathieu E, Barratt AL, McGeechan K, Davey HM, Howard K, Houssami

N. Helping women make choices about mammography screening: an
online randomized trial of a decision aid for 40-year-old women. Patient
Educ Couns. 2010;81(1):63-72.

Metcalfe KA, Dennis CL, Poll A, Armel S, Demsky R, Carlsson L, et al.
Effect of decision aid for breast cancer prevention on decisional conflict
in women with a BRCAT or BRCA2 mutation: a multisite, randomized,
controlled trial. Genet Med. 2017;19(3):330-6.

Sivell S, Edwards A, Manstead ASR, Reed MWR, Caldon L, Collins K, et al.
Increasing readiness to decide and strengthening behavioral intentions:
evaluating the impact of a web-based patient decision aid for breast
cancer treatment options (BresDex: http://www.bresdex.com). Patient
Educ Couns. 2012;88(2):209-17.

Hamann J, Kohl S, McCabe R, Bihner M, Mendel R, Albus M, et al. What
can patients do to facilitate shared decision making? A qualitative study
of patients with depression or schizophrenia and psychiatrists. Soc
Psychiatry Psychiatr Epidemiol. 2016;51(4):617-25.

Sepucha KR, Ozanne EM, Partridge AH, Moy B. Is there a role for decision
aids in advanced breast cancer? Med Decis Mak. 2009;29(4):475-82.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 11 of 12

Hill RG, Sears LM, Melanson SW. 4000 Clicks: a productivity analysis of
electronic medical records in a community hospital ED. Am J Emerg Med.
2013;31(11):1591-4.

Street RL, Liu L, Farber NJ, Chen Y, Calvitti A, Zuest D, et al. Provider
interaction with the electronic health record: The effects on patient-
centered communication in medical encounters. Patient Educ Couns.
2014;96(3):315-9.

Falkenstein A, Tran B, Ludi D, Molkara A, Nguyen H, Tabuenca A, et al.
Characteristics and correlates of word use in physician-patient communi-
cation. Ann Behav Med. 2016;50(5):664-77.

SenT, Ali MR, Hoque ME, Epstein R, Duberstein P, editors. Modeling
doctor-patient communication with affective text analysis2017/07//:
Institute of Electrical and Electronics Engineers Inc.

Petrisor BA, Tornetta rP. Communicating study results to our patients:
Which way is best? Indian J Orthop. 2008;42(2):140-3.

Freeman ALJ. How to communicate evidence to patients. Drug Ther Bull.
2019;57(8):119-24.

Martin KD, Roter DL, Beach MC, Carson KA, Cooper LA. Physician com-
munication behaviors and trust among black and white patients with
hypertension. Med Care. 2013;51(2):151-7.

Aubree Shay L, Lafata JE. Where is the evidence? a systematic review of
shared decision making and patient outcomes. SAGE Publications Inc.;
2015.p. 114-31.

Gruber JS, Hageman M, Neuhaus V, Mudgal CS, Jupiter JB, Ring D. Patient
activation and disability in upper extremity illness. J Hand Surg Am.
2014,39(7).

Hibbard JH, Mahoney E, Sonet E. Does patient activation level affect the
cancer patient journey? Patient Educ Couns. 2017;100(7):1276-9.
Shepherd HL, Barratt A, Trevena LJ, McGeechan K, Carey K, Epstein RM,
et al. Three questions that patients can ask to improve the quality of
information physicians give about treatment options: a cross-over trial.
Patient Educ Couns. 2011;84(3):379-85.

DuBenske L, Ovsepyan V, Little T, Schrager S, Burnside E. Preliminary
evaluation of a breast cancer screening shared decision-making

aid utilized within the primary care clinical encounter. J Patient Exp.
2021;8:237437352110340-23743735211034040.

Pennebaker JW, Booth RJ, Francis ME. Operator's Manual Linguistic
Inquiry and Word Count: LIWC2007. 2007.

O'Connor AM. User manual—decisional conflict scale user manual—
decisional conflict scale. 2010. p. 16.

Yang EF, Shah DV, Burnside ES, Little TA, Campbell CE. Framing the clinical
encounter: shared decision-making, mammography screening, and deci-
sion satisfaction. J Health Commun. 2020(5).

Harrison XA, Donaldson L, Correa-Cano ME, Evans J, Fisher DN, Goodwin
CED, et al. A brief introduction to mixed effects modelling and muilti-
model inference in ecology. PeerJ. 2018,6:e4794-¢.

Murtagh GM, Furber L, Thomas AL. Patient-initiated questions: How

can doctors encourage them and improve the consultation process? A
qualitative study. BMJ Open. 2013;3(10):e003112-e.

Butow PN, Dunn SM, Tattersall MHN, Jones QJ. Computer-based interac-
tion analysis of the cancer consultation. Br J Cancer. 1995;71(5):1115-21.
Farber NJ, Liu L, Chen Y, Calvitti A, Street RL Jr, Zuest D, et al. EHR use and
patient satisfaction: what we learned. J Fam Pract. 2015;64(11):687.
Street RL, Liu L, Farber NJ, Chen'Y, Calvitti A, Weibel N, et al. Keystrokes,
mouse clicks, and gazing at the computer: how physician interac-

tion with the EHR affects patient participation. J Gen Intern Med.
2017,33(4):423-8.

Maschke A, Paasche-Orlow MK, Kressin NR, Schonberg MA, Battaglia TA,
Gunn CM. Discussions of potential mammography benefits and harms
among patients with limited health literacy and providers: “oh, there are
harms?”J Health Commun. 2020;25(12):951-61.

James JT, Eakins DJ, Scully RR. Informed consent, shared-decision making
and a reasonable patient’s wishes based on a cross-sectional, national
survey in the USA using a hypothetical scenario. BMJ Open. 2019,9(7).
Sandhu H, Adams A, Singleton L, Clark-Carter D, Kidd J. The impact of
gender dyads on doctor-patient communication: a systematic review.
Patient Educ Couns. 2009;76(3):348-55.

Obadina ET, Dubenske LL, McDowell HE, Atwood AK, Mayer DK,

Woods RW, et al. Online support: impact on anxiety in women who
experience an abnormal screening mammogram. Breast (Edinburgh).
2014,23(6):743-8.


http://www.bresdex.com

Liu et al. BMC Medical Informatics and Decision Making (2022) 22:323 Page 12 of 12

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Patient-provider communication while using a clinical decision support tool: explaining satisfaction with shared decision making for mammography screening
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Research questions and hypotheses

	Methods
	Study context
	Participants
	Linguistic dimensions of verbal communication
	Survey data
	System use data
	Data analysis

	Results
	Patient profile
	Provider profile
	Main effects
	Interaction effects

	Discussion
	Linguistic features
	Tool use
	Practical implications
	Limitations and directions for future research

	Conclusions
	Acknowledgements
	References


