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Clinical documentation in the electronic health record (EHR) has become increasingly
burdensome for physicians and is a major driver of clinician burnout and dissatisfaction.
Time dedicated to clerical activities and data entry during patient encounters also
negatively affects the patient–physician relationship by hampering effective and
empathetic communication and care. Ambient artificial intelligence (AI) scribes, which
use machine learning applied to conversations to facilitate scribe-like capabilities in real
time, has great potential to reduce documentation burden, enhance physician–patient
encounters, and augment clinicians’ capabilities. The technology leverages a smartphone
microphone to transcribe encounters as they occur but does not retain audio recordings.
To address the urgent and growing burden of data entry, in October 2023, The
Permanente Medical Group (TPMG) enabled ambient AI technology for 10,000
physicians and staff to augment their clinical capabilities across diverse settings and
specialties. The implementation process leveraged TPMG’s extensive experience in large-
scale technology instantiation and integration incorporating multiple training formats,
at-the-elbow peer support, patient-facing materials, rapid-cycle upgrades with the
technology vendor, and ongoing monitoring. In 10weeks since implementation, the
ambient AI tool has been used by 3,442 TPMG physicians to assist in as many as 303,266
patient encounters across a wide array of medical specialties and locations. In total,
968 physicians have enabled ambient AI scribes in �100 patient encounters, with one
physician having enabled it to assist in 1,210 encounters. The response from physicians
who have used the ambient AI scribe service has been favorable; they cite the
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technology’s capability to facilitate more personal, meaningful, and effective patient
interactions and to reduce the burden of after-hours clerical work. In addition, early
assessments of patient feedback have been positive, with some describing improved
interaction with their physicians. Early evaluation metrics, based on an existing tool that
evaluates the quality of human-generated scribe notes, find that ambient AI use produces
high-quality clinical documentation for physicians’ editing. Further statistical analyses
after AI scribe implementation also find that usage is linked with reduced time spent in
documentation and in the EHR. Ongoing enhancements of the technology are needed
and are focused on direct EHR integration, improved capabilities for incorporating
medical interpretation, and enhanced workflow personalization options for individual
users. Despite this technology’s early promise, careful and ongoing attention must be paid
to ensure that the technology supports clinicians while also optimizing ambient AI scribe
output for accuracy, relevance, and alignment in the physician–patient relationship.

KEY TAKEAWAYS

» Ambient artificial intelligence (AI) scribes show early promise in reducing clinicians’ burden,
with a regional pilot noting a reduction in the amount of time spent constructing notes
among users.

» Ambient AI scribes were found to be acceptable among clinicians and patients, largely
improving the experience of both parties, with some physicians noting the transformational
nature of the technology on their care.

» Although a review of 35 AI-generated transcripts resulted in an average score of 48 of
50 in 10 key domains, AI scribes are not a replacement for clinicians. They can produce
inconsistencies that require physicians’ review and editing to ensure that they remain aligned
with the physician–patient relationship.

» Given the incredible pace of change, building a dynamic evaluation framework is essential to
assess the performance of AI scribes across domains including engagement, effectiveness,
quality, and safety.

The Challenge

The burden of clinical documentation has become an enormous challenge for health care
systems and produces clinician burnout, job dissatisfaction, and impaired physician–patient
interactions, which are linked to potentially worsened quality of care.1-5 The increasing
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complexity of documentation in the electronic health record (EHR) and the competing demands
on clinicians have also resulted in more “pajama time” — i.e., time in clerical activities outside
working hours — for physicians.6,7 The threat of the documentation burden has grown so grave
that some believe it even threatens the stability of the physician workforce.8

The Goal

To address this urgent challenge, The Permanente Medical Group (TPMG), a multidisciplinary
physician group including >9,000 physicians working in the Kaiser Permanente Northern
California integrated health care delivery system, executed a rapid regional pilot assessment of
recently enabled ambient artificial intelligence (AI) scribe technology. The AI scribe was trained
by, and acquired from, an external vendor and then implemented within TPMG. The ambient
AI technology uses machine learning to produce real-time transcripts of clinician–patient
encounters to rapidly convert speech collected from microphones on clinicians’ TPMG-provided
secure smartphones into text and apply natural language processing techniques to summarize
key clinical content to reduce the burden of clerical documentation and initial editing required
by clinicians. Deploying the technology using smartphones is meant to enhance ease of use for
clinicians and reflects current trends in AI scribe products. The AI scribe technology was not
meant to replace human scribes, which are rarely used in TPMG, but meant to reduce clerical
documentation burden.

The goal of this pilot was to identify optimal approaches that would facilitate the effective and
safe use of ambient AI scribes to support clinicians’ workflows with the main objectives to:

� facilitate engagement by demonstrating growing and sustained adoption of ambient AI by number
of clinicians and percentage of patient encounters across diverse specialties and settings;

� aim for effectiveness by reducing the burden of documentation within and outside of direct
patient encounters;

� enhance the physician–patient relationship by increasing the amount of time physicians spend
interacting with patients by improving engagement and reducing time spent interacting with
a computer4; and

� maintain documentation quality by developing approaches to assess and safely use ambient AI
technology capabilities in transcription and summarization.

The Execution

Setting and Licensing

TPMG had previously deployed software-based medical dictation technology in clinical settings
to improve clinical documentation workflows and, by 2022, nearly 6,000 physicians had adopted
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standard dictation using software assistants for their own clinical documentation. However, the
emergence of ambient AI technology that could unobtrusively transcribe natural language from
physicians and patients in real time during an encounter and summarize key clinical aspects
heralded a transformative approach to jointly reducing the clerical burden of documentation and
enhancing the physician–patient relationship through improved communication. To capitalize on
this opportunity, on August 14, 2023, the organization initiated a limited, 2-week pilot with 47
physician test users; at the end of this trial period, physicians reported favorable impressions of
the AI scribe’s capabilities. Based on the limited pilot, TPMG secured and enabled product
access licenses for 10,000 physicians and staff across diverse clinical specialties and settings
to assess the value of the AI scribe technology in a larger regional pilot implementation. We
describe TPMG’s early experience in the regional pilot including data between October 16, 2023,
and December 24, 2023.

“ Our teams trained clinicians to use The Permanente Medical
Group–issued secure smartphones to record the encounter and
generate summarized documentation that was automatically
uploaded to and stored on a secure cloud.”

Clinician Training and Support

Building on existing technology training infrastructure that includes regional and local physician
and staff trainers, TPMG developed a live and recorded 1-hour virtual interactive webinar with
questions and answers to familiarize all TPMG physicians with the technology; we deployed
multiple training sessions with this webinar regionally and locally across our 21 medical centers
in northern California. The training focused on the use of the ambient AI scribe including key
practices for making the technology effective and safe. Because of the pace of implementation,
we were not able to achieve direct integration within our EHR. Our teams trained clinicians to
use their TMPG-issued secure smartphones to record the encounter and generate summarized
documentation that was automatically uploaded to and stored on a secure cloud, accessible on
their desktop computer through secure Web interfaces for incorporation and text editing into the
EHR by the clinician.

During the training process, we also educated physicians on gaining permission from patients to
use the AI medical scribe for in-person or virtual encounters and implemented a standardized
EHR template to document patients’ verbal consent for the use of the ambient AI scribe. To
facilitate adoption, we leveraged internal support sites to address help tickets and provided
at-the-elbow physician technology leads who could assist users facing challenges in installing
or using the AI scribe. Finally, our training material reinforced the ongoing responsibility of
physicians to review and revise all clinical documentation, whether or not it had been assisted
by the AI scribe.
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Patient-Facing Materials

To familiarize our patients with the use of the ambient AI scribe, we developed educational
handouts for patients and made them available at each of the clinics and settings in which the
technology was used. The handouts contained information that was verbally summarized by
the physician to patients during the permission process, which took, in total, approximately
30 seconds. Additional cues, such as laminated posters, were placed in visible clinic locations
to inform patients that physicians could use AI scribe technology in their visits with their
permission.

Evaluation

Although the AI scribe showed early promise in the limited 2-week pilot in August 2023, we
recognized that the underlying technology and concomitant workflow would continue to evolve
rapidly, necessitating an ongoing adaptive assessment strategy to inform future Plan–Do–Study–Act
cycles.9 For the study portion of the cycle, we considered a variety of adoption, effectiveness, and
quality metrics to assess the value of the AI scribe technology both across the organization and
within individual physician–patient interactions. For our larger, regional pilot evaluation, we focused
on data from the first 10weeks after implementation of the AI scribe between October 16 and
December 24, 2023. In alignment with our overall objectives, we focused primarily on the tool’s
ability to assist in improving the quality of care and interaction, while also reducing clinician
workloads arising from documentation. This includes patient surveys adapted from Mishra et al.4

analyzing how AI scribes affect encounters and patient comfort with AI tools being used to support
their health care delivery. Early insights from these assessments were then intended to be used to
inform future enhancements and investments in ambient AI scribe tools and workflows.

Quality and Safety Considerations

Given the novel technology used in ambient AI scribes, an objective of the implementation was
to maintain the quality/accuracy of clinical documentation while also identifying, minimizing, or
mitigating potential safety risks introduced by the use of the AI scribe technology.4,10 Prior
studies of human medical scribes provided a framework for assessing the documentation
quality, and we assessed samples of transcripts and clinical summaries across an array of
clinical specialties using a modified version (Table 1) of the Physician Documentation Quality
Instrument (PDQI-9).11

To adapt the PDQI-9 for AI scribes, we removed attribute 1, the up-to-date domain (used to score
whether the note contains the most recent test results and recommendations) and instead added
two attributes to assess freedom from hallucinations (false information provided without sound
basis) and bias (biased results based on use of discriminatory data, algorithms, or faulty heuristics),
because these have been noted to potentially occur in outputs from large language models.12,13 We
retained the 5-point Likert scale scoring from the original PDQI-9 instrument (with 1 representing
the worst score of being not at all true or present and the best score, 5, being extremely true or
present), but with our 10 attributes we rated notes on a scale with a maximum value of 50.
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The Team

The team responsible for overseeing the implementation of the ambient AI scribe included seven
TPMG regional technology leaders and staff who oversaw the limited, 2-week pilot in August 2023,
supported the contracting process involving the vendor of the technology product, and developed
the training and support infrastructure for the ambient AI scribe. Three lead physician champions
helped to support the regional pilot deployment in October 2023 with collaboration from regional
teams for innovation and evaluation, ultimately adding 21 physician champions who then
recruited 200 champions located within individual medical centers and specialty groups.

“ Our training material reinforced the ongoing responsibility of
physicians to review and revise all clinical documentation, whether
or not it had been assisted by the AI scribe.”

Metrics

Engagement

In the 10weeks since implementation of the regional pilot (October 16–December 24, 2023), of
the 10,000 physicians and staff provided access to accounts, 3,442 TPMG physicians enabled
the tool in a total of 303,266 encounters across a wide array of medical specialties and locations
(Figure 1).

Table 1. Description of the Modified PDQI-9 Scribe Quality Assessment Tool (10 Domains)

Attribute Description of Ideal Note

Accurate The note is true. It is free of incorrect information.

Thorough The note is complete and free from omission and documents all of the issues of importance
to the patient.

Useful The note is extremely relevant, providing valuable information and/or analysis.

Organized The note is well-formed and structured in a way that helps the reader understand the patient’s
clinical course.

Comprehensible The note is clear, without ambiguity or sections that are difficult to understand.

Succinct The note is brief, to the point, and without redundancy.

Synthesized The note reflects the AI scribe’s understanding of the patient’s status and ability to develop a
plan of care.

Internally Consistent No part of the note ignores or contradicts any other part.

Free from Hallucination The note is free of hallucination and only contains information verifiable by the transcript.

Free from Bias The note is free of bias and contains only information verifiable by the transcript and not
derived from characteristics of the patient or visit.

Based on prior literature, we assessed samples of transcripts and clinical summaries across an array of clinical specialties using a modified
version of the Physician Documentation Quality Instrument (PDQI-9). To adapt for use on AI scribes, we removed the up-to-date domain
and added those assessing freedom from hallucinations and bias, because these have been noted to potentially occur in outputs from large
language models. We retained the 5-point Likert scale scoring from the original instrument (with 1 being not at all and 5 being extremely)
and rated notes on a scale with a maximum value of 50. Source: The authors
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FIGURE 1

Cumulative Use of the Ambient Artificial Intelligence (AI) Scribe Tool,
October 16–December 24, 2023
Between go-live on October 16, 2023, and December 24, 2023, there were 3,442 unique physician and
staff users (Panel A) and a total of 303,266 patient–physician encounters in which the AI scribe was
enabled and in which the encounter lasted at least 2 minutes (Panel B).
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Through December 24, 968 physicians had enabled ambient AI in �100 patient encounters, with
one physician having enabled it to assist in 1,210 encounters. The number of weekly visits in
which the AI scribe was enabled was 19,911 at the outset and exceeded 30,000 in 7 of the
10weeks.

Effectiveness

To assess the effectiveness of the technology, we identified several aggregate EHR workload
metrics (e.g., “pajama time,” time outside working hours, time spent in notes per chart) to
assess changes before and after AI use among AI scribe users, compared with nonusers, and
adjusted for clinician, specialty, and appointment volume (i.e., difference-in-differences
analysis). Focusing on primary care physicians, the group that would be most likely to benefit
from the technology, we found statistically significant (P < 0.05) associations between the use of
the ambient AI scribe with larger decreases in the time spent in the EHR outside 7 a.m. and
7 p.m. and in the time spent in notes during appointments among AI scribe users (Figure 2).
We focused on relative changes because the heterogeneity in the EHR workload metrics made
interpretation of the absolute values challenging. As an example, in unadjusted analyses of time
in notes we found decreases, before and after implementation, in both AI scribe users (mean,
5.3 to 4.8minutes) and nonusers (5.0 to 4.7minutes).

Our analysis also showed that there were no differences in other EHR workload metrics, such as
time spent in clinical review or in-basket, which we would not expect to change as a result of AI
scribe use. Intriguingly, when we stratified primary care providers by their usage rates (i.e., high,
medium, and low tertiles), the data suggested a dose–response relationship whereby physicians
with higher use also appeared to exhibit the most time reductions.

Clinicians’ and Patients’ Experience

The anecdotal response from physicians who have engaged regularly with the ambient AI scribe
has been favorable, with comments such as “It makes the visit so much more enjoyable because
now you can talk more with the patient and concentrate on their concerns.” Anecdotally, we
also heard from clinicians that the AI scribe was particularly useful for very long appointments
(>60minutes) including one in which a 50-page transcript could easily be condensed and edited
by the clinician to document their interaction. A new physician user noted, “I use it for every
visit I can and it is making my notes more concise and my visits better. I know I’m gushing, but
this has been the biggest game changer for me.” Those who used the AI scribe also commented
on its capability to facilitate more personal, meaningful, and effective patient interactions. The
same physician said, “I even had a patient praise the fact that I could listen instead of type
during the visit.”

Early assessments of patient feedback have also been positive, with a small proportion of
patients opting out of ambient AI use and many reporting improved interaction with their
physicians. Based on preliminary data in a sample of 21 patient surveys from a single clinic site,
71% reported they spent more time speaking with their physician, while one said they spent
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less time. Overall, 81% of patients reported that their physician spent less time looking at
the computer screen than in their previous visits. All patients stated that the AI scribe either
had no effect or enhanced their visit. All patients reported feeling neutral to very comfortable
about an AI tool being used in their visit. Evaluations of patients through surveys and focus
groups are ongoing to facilitate future improvements in the use and integration of the
technology.

FIGURE 2

Ambient Artificial Intelligence (AI) Scribe Intervention: Before-and-
After Metrics
(Panel A) We reviewed aggregate EHR metrics from before and after the use of the ambient AI scribe,
comparing users versus nonusers with adjusted difference-in-difference (DiD) methods. The four
activities were for time spent during “pajama time,” on unscheduled days, at times outside scheduled
hours, and at times outside of 7 a.m. to 7 p.m. DiD point estimates are shown along with 95%
confidence intervals, where values above the dotted line indicate larger relative decreases in time
among AI scribe users than among nonusers (there was a universal decrease during this time period
for all clinicians). For example, there is a significantly larger decrease in time spent in the EHR outside
7 a.m. to 7 p.m. among users starting to use the ambient AI scribe than among those who did not
use the tool. (Panel B) We reviewed four visit-level EHR metrics per appointment, including time in
clinical review, time in in-basket, time in notes, and time in orders. There was a statistically significant
reduction in time in notes per appointment, comparing users (before and after) versus nonusers
(before and after) with DiD. Unsurprisingly, there were no differences noted in other metrics unrelated
to visit documentation.
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“ Although the AI scribe showed early promise in the limited 2-week
pilot in August 2023, we recognized that the underlying technology
and concomitant workflow would continue to evolve rapidly.”

Quality

To assess the quality of the AI scribe, we examined transcripts and encounter summaries
generated by the technology, including those from primary care, pediatric, hospitalist, mental
health, surgical, and ED clinicians across three different medical centers using the modified

FIGURE 2

Ambient Artificial Intelligence (AI) Scribe Intervention: Before-and-
After Metrics: Continued
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Note: In each panel, a coefficient greater than 0 means that users of the ambient AI scribe were more likely (aligned with
the coefficient, whether 0.1 or 2.5, etc.) to see a larger decrease in time spent than those who never used the AI scribe. A
coefficient less than 0 means that users of the AI scribe were more likely to see a smaller decrease in time spent than
those who never used the AI scribe. The zero line represents where there was no difference in the shift of time spent
between AI scribe users and nonusers.
AI = artificial intelligence, EHR = electronic health record.
Source: The authors
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PDQI-9 instrument. Each summary was rated based on the transcript of the encounter. In total,
we assessed 35 examples selected to be representative of each specialty for common themes
until saturation was achieved. Overall, the transcripts averaged a score of 48 out of a possible
50 points with the highest average ratings (average value, >4.95) achieved in the free from bias,
synthesized, internally consistent, and succinct domains (Figure 3). Modestly lower, but still
considered excellent, average ratings (average, 4.6 to 4.7) were noted in the thorough, organized,
and accurate domains.

There were a few instances of hallucination noted. In one example, the physician mentioned
scheduling a prostate examination for the patient and the AI scribe summarized that a prostate
examination had been performed. In another, the physician mentioned issues with the patient’s
hands, feet, and mouth and the AI summary recalled the patient being diagnosed with hand,
foot, and mouth disease. There were also a few instances where the summary was missing some
details, such as missing chest pain and anxiety assessments. In some cases where performance
was lower, the summarized clinical content did not appear to fit cleanly within preexisting note
templates, which resulted in inconsistencies in summarization.

Hurdles

We have encountered several hurdles during implementation that still need to be addressed.
First, the current AI scribe technology works only for encounters spoken entirely in English.
Although the software has the potential for support of different languages, regulations about
certified medical interpretation services limit the use of the ambient AI scribe in these settings,
as of early January 2024. Other factors may also limit patients’ comfort with their physicians
using the tool and will need to be better understood and addressed.

“ A major goal is to directly integrate artificial intelligence scribe
tools into the electronic health record so that barriers to ease of
access and use are eliminated and the documentation can be more
seamlessly blended into existing workflows.”

Second, in an early, focused survey of 45 physicians at a single site, half of whom were not using
the AI scribe at the time despite having access, the most common reasons for not using the tool
were typical of those seen with the diffusion of new technology14 (i.e., too many steps to activate
the tool, a lack of familiarity with the tool, initial technical difficulties with accessing the tool,
other workflow solutions not integrated with the tool). A major goal is to directly integrate AI
scribe tools into the EHR so that barriers to ease of access and use are eliminated and the
documentation can be more seamlessly blended into existing workflows.

Due to this lack of direct integration with the EHR, our evaluation approach continues to be
refined to facilitate direct linkages between AI scribe transcripts and summaries with EHR data
from individual encounters. We were unable to verify directly what edits and what proportion of
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note revisions to the AI-generated summary occurred. Although we identified some significant
findings in EHR workload metrics among AI scribe users, these findings should be interpreted as
exploratory given uncertainty and heterogeneity in the metrics, which are collected passively
during EHR use. Nonetheless, because our goal was to reduce clinical documentation burden,
not to reduce the duration of physician–patient visits, our findings related to the quality of
documentation and of the clinical interaction remain key, which will be enhanced by further
integration. Future enhancements could also allow clinicians to customize their AI scribe for
their documentation style, which is not currently available.

Third, the approaches to robustly evaluate the quality and safety of AI technologies, including
tools such as large language models, remain incompletely defined. The underlying algorithms

FIGURE 3

Radar Plot of Modified PDQI-9 (10 Domains) Based on Physicians’
Review of Ambient Artificial Intelligence (AI) Scribe Transcripts
and Notes
Our analysis of the quality of the ambient AI-generated summaries of the visit transcripts showed high
levels of performance across all 10 of our metrics on a subsample of 35 randomly assessed notes
across multiple clinical specialties. Our regional pilot phase suggests that using AI scribes resulted in
high-quality— but not perfect — notes generated by the technology.
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and relevant regulations are also continuing to evolve rapidly, which will necessitate ongoing
benchmarking, evaluation, and monitoring as the technology improves and vendors bring new
software to market. Adoption rates and usage patterns are also expected to change as new user
groups and application domains are identified and tested.

Where to Start

For health care organizations looking to implement AI-based medical scribe solutions, we found
that it was possible to do a rapid, large-scale regional pilot implementation that aims to reduce the
clerical burden of documentation, maintain the quality of notes, and improve the physician–patient
experience. It is essential to have clinical champions to overcome barriers to adoption and to foster
an organizational culture that supports innovation, while also iterating carefully with a limited pilot
followed by a regional or larger-scale pilot and opportunities for clinician and patient feedback that
result in ongoing improvement that is tangible to stakeholders. Finally, as is the case with all
emerging technologies, it is important to develop benchmarking and monitoring processes that offer
proactive assessment of the tools and their impact on meaningful outcomes.
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