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0:00:05.6 Sarah Crespi: This is a Science Podcast for March 3rd, 2023. I'm Sarah Crespi. First up 
this week, fighting implicit bias in medicine. Staff writer Rodrigo Pérez Ortega describes the many 
fronts being explored in the fight against unconscious bias. From online classes to machine learning
to finding a biomarker for pain. 

Next up, why dolphins use vocal fry? Researcher Coen Elemans joins me to discuss the tricky work
of identifying how exactly toothed whales, like dolphins and orcas create vocalizations for 
echolocation and social communication. 

[end music]

Now we have Rodrigo Pérez Ortega, he's a staff news writer for science. We're gonna talk about 
fighting unconscious bias in medicine. Big topic. Hi Rodrigo.

0:00:57.4 Rodrigo Pérez Ortega: Hi Sarah. How are you?

0:00:58.9 SC: I'm good. I say big topic because there are so many places where bias can crop up in.
A lot of times we talk about in studies how people are assigned different categories, whether they're
assigned correctly, but also who actually gets involved in studies. But the focus we're gonna have 
today is on what happens in the clinic, interactions with doctors, nurses, the healthcare system. 
What made you decide to write about this now?

0:01:26.4 RPO: I think it's been a big topic for some years and I think the issue here is there aren't 
great ways to go about it right. Something that I learned through my reporting is that traditional 
psychological strategies to fight this implicit or unconscious bias have failed so far. And that's quite 
frustrating because when you talk about science stories, you're always talking about, Oh, new 
discoveries, something that has changed. And in this story it was particularly frustrating for 
researchers. They have to find new ways or go around to try to fight something that is ingrained in 
people, that is part of people's culture and personalities. And we're talking about touchy subjects 
like discrimination, healthcare providers who are, who will want to save lives, who want to do good
for patients, but their unconscious bias and attitudes that they're not aware of might be ending up 
discriminating against people by their appearance, by their skin color, by their sexual preferences. 
And it's very complicated because it's trying to change somebody, who they are.

0:02:40.6 SC: Yeah. We're gonna talk about some of the efforts to reduce the bias, some of the 
things that are looking like they're working preliminarily. But before we get into that, what kinds of 
situations are we specifically talking about where bias comes into play?

0:02:53.6 RPO: So we are talking about every very aspect of clinical care, where it starts and what 
researchers are focusing on. Most of the efforts is general irregular doctor's visits, your yearly 
checkup or just going to your primary care provider and just the way the doctor interacts with the 
patient. So a lot of the researchers are working on that, how non-verbal communication can 
translate into the patient not feeling comfortable or open to talk about everything that's going on 
with their health, right? So we're talking about doctors maybe interrupting a lot when a patient is 
trying to tell them something or not looking at them in the eye, but of course as well something that 
is verbal communication, kind of like dismissing their feelings. Or when a patient tells them, "Hey, 
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you know, I think this is what's going on." The doctor kind of like dismissing that opinion or just 
not even things that are said, doctors may not order in tests because they don't think the patient is 
right. Or in some situations when people are in pain, they might think, maybe not give them drugs 
for their pain because there's this whole issue with the opioid epidemic. So it's a lot of false beliefs.

0:04:17.8 SC: Right. So this shows up in the patient-doctor interaction. It's kind of slights and 
misunderstandings and people not feeling heard or understood. And it plays out when you look at 
the data, you can see the bias that people of certain groups are not getting the attention, the care that
they need.

0:04:38.1 RPO: Right. So I think these mostly affect people of color and LGBTQ+ people. There's 
a group, it's called the UnBiased Group out of the University of Washington, actually did interviews
with these groups to ask them how they perceived this bias in healthcare and many of them said, 
you know, the doctor didn't believe me, or they felt that they weren't treated well. So they just didn't
go back to that doctor. They didn't feel comfortable. Sometimes the patient said, because they were 
LGBTQ+ the doctor immediately thought they were promiscuous or they weren't having safe sex. 
So a lot of these assumptions and they were like hold on, you know, I never mentioned this. Why 
are you treating me this way? So all these little things add up and we can also talk about how and 
with pain, there's plenty of studies showing that doctors underestimate pain in women and people of
color.

0:05:38.9 SC: And we see this play out in infant mortality in the United States. Black women, their 
lives are a lot more at risk when they go to give birth. Their babies are also at risk as well. Let's talk 
about some of the interventions that people are trying because this is not solved. This is something 
people are still trying to figure out how to get in there and make things better. What is this group 
that you mentioned UnBiased, what is their approach to trying to solve some of these problems that 
show up in the clinic?

0:06:08.5 RPO: Right. So this project is called UnBiased. Understanding Biased Patient Provider 
Interaction and Supporting Enhanced Discourse. That's a mouthful [laughter] Short for UnBiased. 
This is a project list by Andrea Hartzler at the University of Washington in collaboration with the 
University of California San Diego. This is a five-year project looking at first trying to detect this 
non-verbal and verbal cues during a doctor-patient's interaction. And this is all informed by the 
experiences of...

0:06:43.3 RPO: Both doctors and patients. What they're trying to do is to come up with a tool that 
provides accurate feedback or personalized feedback to these doctors. So what they're doing is 
they're recording these interactions and using machine learning to try to detect these cues. If they're 
interrupting a lot, if they're changing their voice tone. If they're making something with their body 
language that might be interpreted negatively. And this is... They are not aware they're doing that. 
So what they're trying to come up with after analyzing these recordings is a way to provide these 
feedback. Either they call them digital nudges, which is like, a prompt in their computer screen that 
tells them, "Hey, you might want to change this, or you're doing this, just be aware of this." Or 
some doctors prefer a report or some kind of graph so they can show them a report with graphs of 
like, you interrupted these many times. And it's just like some self-reflection. But it's really hard to 
interpret these non-verbal cues because as one of the researchers, Andrea told me, interruptions 
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doesn't always means bad. So it's a lot of nuance.

0:07:57.2 SC: Yeah. I could see having machine learning being involved, first of all, we always 
have to worry about biases in that. But what about the idea of being filmed or being observed 
during a clinical interaction? Is that something that people are gonna be okay with?

0:08:11.3 RPO: Yes, I think so far people are very comfortable with that. I talked to one of the 
participants on the team, Dr. Brian Wood, also at the University of Washington and Harvard 
Medical Center in Seattle. He told me that at first it was a little weird, but very quickly, the patients,
they started feeling comfortable. It was just very normal for them to just go back to their 
conversation and they didn't pay attention to these recordings. Of course, there's consent and 
explanation of what they're doing. They're still in the middle of analyzing everything and 
conducting all these experiments with the recordings.

0:08:50.3 RPO: But Dr. Wood was one of the first participants on this, kind of like the test, how 
this would go up. He told me of this one time when they... The team showed him the recordings and
he saw this body language. He was leaning forward with his arms crossed on the desk and he just 
said, "I wasn't aware of this. And I can see how that body language could have been interpreted as I 
was not open or approachable." But he told me he reflected on his own and on how that body 
language might have been perceived. And he told me that reflecting on this possible negative 
moments during a visit was not easy, but it was important and valuable to start addressing this 
implicit bias.

0:09:35.4 SC: I think a lot of people have heard about implicit bias testing at this point, where you 
are exposed to certain images and words and you associate them and the timing is taken into 
account and it reveals something about your unconscious associations. But what's less clear is how 
to move the needle on those numbers, how to actually change that. And some people are looking 
into trainings for this kind of situation. Can you talk about how that might work?

0:10:03.9 RPO: Of course. Yeah. So I think there's a lot of push to get training and education on 
implicit bias in medical curriculums, but what a lot of researchers worry is that these training needs 
to be evidence-based. So and there's plenty of options. We have Dr. Jenny Saban at University of 
Washington doing this 40 minute online course to faculty, this one course, so that they increase this 
awareness up to one year after the course and the participants were actually more motivated to 
participate in diversity, inclusion and equity activities. And that could be translated. She told me 
into little details as to take a step when you're filling charts. Medical charts or electronic records, be 
careful when you're labeling these patients right. That you're not imprinting your implicit bias into 
these patients records that are gonna follow them all their lives.

0:11:05.3 SC: Right. Non-compliant.

0:11:06.9 RPO: Exactly.

0:11:07.9 SC: Yeah. Fractious patient, what have you.
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0:11:10.0 RPO: Yeah. And other trainings are very different. Kristyn Smith, who is an emergency 
physician at the University of Pennsylvania, Penn Medicine, she's developing these trainings for 
healthcare workers, for residents, attending physicians, nurses on how to tackle microaggressions. 
So these are everyday put downs insults or slides that minoritized population face every day. She 
told me, these microaggressions happen all the time in the medical establishment, but they're not 
taught how to address them. Just training all these participants to understand where 
microaggressions are, that they're stemming as well from implicit bias and how to tackle them. 
Either document them, speak up to report them. But I think the first and foremost key skill is that 
they have to identify them and understand what they're hurting eventually the care for patients.

0:12:13.9 SC: Speaking of hurting, this one, I think is the biggest swing of the list of possible 
interventions. This is finding a biomarker for pain, which I think would help across the board in so 
many different ways. But it would also help with the kinds of bias that we see in the clinic, which is
assuming the person in front of you is drug seeking or exaggerating based on your perception of 
them.

0:12:38.2 RPO: Right. So we already talked about how pain is one of those very subjective things. 
The doctor is gonna ask you from a scale of 1-10, how much pain are you feeling and...

0:12:49.7 SC: Yeah.

0:12:50.1 RPO: It's a really hard question, especially if you have never felt such amount of pain, 
you'll say 10 or whatever. So it's very subjective. We already established that all these studies 
underestimate pain in women and people of color. So one of the projects that I was really excited 
about was led by psychiatrist, Alexander Niculescu III at Indiana University. And what they're 
trying to do is come up with biomarkers in blood to measure pain. And this is really important 
because when you go into the clinic, they run all these lab tests and the doctor might find a 
diagnosis or prescribe a medicine based on those tests, but so far there's no test for pain. They're 
trying to change this to eliminate any kinda like room for this implicit bias. Because when there's 
something subjective, that's a place where implicit bias can kick in very effectively.

0:13:44.0 SC: Absolutely. Where are we with finding a biomarker?

0:13:48.2 RPO: It's getting there. So they have found promising biomarkers in blood RNAs that are
lower when somebody's in pain. But so far, this is limited to the academic work, but, Niculescu is... 
He founded a company. They're trying to roll this out into the general public, but still it's gonna be 
very expensive because these tests are not mainstream. So he's hoping this is gonna be equitable and
accessible for a lot of these patients who are as we know, marginalized patients.

0:14:24.6 SC: All right. Rodrigo, what did I miss from your story? I feel like I covered a lot of it, 
but it's always like, the thing that you care about the most, we should definitely talk about.

0:14:32.7 RPO: I think one of the key things that I understood was that as much as all these 
projects are trying to tackle the individual level, working with providers to reflect and be aware and 
hopefully change their implicit bias with time, all the researchers told me that what's really 
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important is to tackle this implicit bias in the system, which is really hard to do. [laughter]

0:14:58.2 SC: Yeah.

0:14:58.6 RPO: So there are some policy changes recently. Some states like California, Michigan, 
Maryland, they are now mandating implicit bias training for medical professionals. Other 
researchers are offering new ideas mandating that hospitals or institutions track their numbers, the 
populations they serve and the outcome. So with data you can show them, hey, you have this bias 
that you might have not been aware of. But of course it won't be easy because these are very deep-
rooted stereotypes in the system it's gonna have to take a lot of buy-in from all the institutions, from
the government, from providers themselves, of course leadership. But everything has to be centered 
on the patients.

0:15:46.4 SC: That's great. All right, thank you so much Rodrigo.

0:15:49.1 RPO: You're welcome. Sarah.

0:15:50.2 SC: Rodrigo Pérez Ortega is a staff news writer at Science based in Mexico City. You 
can find a link to the story we discussed at science.org/podcast. Don't touch that dial. Up next we're 
gonna hear from some dolphins and a researcher Coen Elemans about taking high-speed video 
inside blow holes.

0:16:18.1 SC: Though we've known for more than 50 years that toothed whales like orcas, sperm 
whales, even dolphins, make these diverse and useful sounds like powerful clicks for echolocation 
deep underwater songs and whistles for vocal communication, for social behavior. But how these 
noises are produced by their bodies is actually not well understood even today. Coen Elemans and 
colleagues wrote this week in science about their work to pin down where this audio is coming from
exactly and how they achieved such amazing feats of sound. Hi Coen.

0:16:53.0 Coen Elemans: Hi.

0:16:54.0 SC: Why is this such a difficult problem to solve? We've known about echolocation, 
we've known about these clicks and these whistles from these animals for so long. What's been the 
trouble here?

0:17:03.4 CE: Yeah, there's a few things that are very difficult when you study marine mammals, 
it's first, if you do a recording on the water, the sound could come from anywhere miles away. And 
so it's very difficult to actually pinpoint sound to a specific animal. That's one thing. The other 
thing, it's very difficult to study in detail, for example, in the lab or in captivity because they're so 
expensive to keep and they're difficult to keep. Right? So, so...

0:17:25.2 SC: Yeah.

0:17:25.8 CE: And then there's experimental limitations that you cannot just image these vocal 
folds, for example, in humans, even though it's difficult because you need a lot of light, you need 
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high-speed cameras to do this.

0:17:36.2 SC: And you gotta get inside a living animal.

0:17:38.4 CE: And you gotta get inside. So it is an additional difficulty to study these and it's 
typically also very large and potentially dangerous animal. So you have to be very careful.

0:17:46.2 SC: Yeah. So you just like, come here, killer whale. I'm gonna try to look inside of you 
and see.

0:17:49.9 CE: Please open your nose.

0:17:51.7 SC: Yeah. [laughter] open your nose. That is also an issue. So what techniques, 
technology or even new knowledge enabled you to take this research further? Like what do you see 
as kind of the things that helped you get further along in answering this question?

0:18:04.7 CE: Yeah, so I think we did four things that really maybe change. So the first one is that 
we developed techniques where we could film with very high frame rates, up to 7000 frames per 
second through endoscopes. And we trained animals to open their nose and to allow these 
endoscopes in. And so we could film what was going on just slightly below the blow hole where 
they supposedly made the sounds. And we could establish there that at least there is very clear 
motion induced sounds basically produced in their nose.

0:18:31.5 SC: Do we wanna talk about one of the sound samples I have. I pulled one out. 
Bottlenose dolphin. Can you describe like what we're hearing?

0:18:43.3 CE: So what you will be hearing is a dolphin that we trained to open its blow hole, it'll 
breathe and then we gently move in the endoscope with the pressure sensors into his blow hole. 
Very shallow. It's only two centimeters deep or so. And then we report simultaneously the clicks 
made that are radiating from the melon. And so we have video in concurrence with the audio where 
we can prove that the motion we hear that. So the clicks are here, the application clicks that they 
nicely align with motion we see in these former clips.

0:19:21.3 SC: That's great. It's just like getting a COVID test, right?

[laughter]

0:19:24.4 CE: Actually, it's much less invasive. So, all these animals are routinely checked for long
worms for example and that's much more invasive. So this is very shallow. That was the first thing. 
And then we can also measure the pressures they need to generate these sounds. Now the second 
thing, what we did is that we then went to the lab and over many, many years collected stranded 
animals and that then you need very fresh tissue. That's a really a big problem. So we needed the 
stranding network that's very fast, very efficient and as soon as they find an animal that's dead, they 
basically freeze it. And so they freeze it within a few hours. And so we got very fresh tissues and 
that allowed us to build a rig in the setup that we have used before on other animals, but then scaled 
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up where we could study sound production in the lab.

0:20:11.1 SC: Yeah. So not a bat, it's a dolphin. [laughter]

0:20:14.5 CE: It's a dolphin. And now we could use very high frame rates up to 10,000 or 20,000 
and even faster frame rates to film exactly what was going on. And what we found, is that A sound 
is not produced by use of super fast muscles, for example, or muscles that can induce these clicks. 
But it's air driven sound production like our voice. And we show that the echolocation clicks are 
made when the vocal faults collide with high acceleration. And then the sound is sort of driven 
through their nose, through the melon comes out of the front.

0:20:44.2 SC: Just to step back here and say you're talking about cameras, you're talking about 
looking at things. So you really just wanted to match up physical changes in the body with the 
production of sound. And that is like what you had to do to crack this is you had to be able to say, I 
see this moving and I hear a sound.

0:21:00.0 CE: Yes.

0:21:00.1 SC: And it took so long to figure it out.

0:21:01.8 CE: Yes. And they need to have very fast cameras, very nicely synchronized with other 
measurements and so on.

0:21:06.8 SC: Yeah. And the other thing that you had to take into consideration is that a lot of these
animals go very deep under the water. There's high pressure. They don't have a lot of air in them at 
that moment and they have to make very powerful noises, what did you find out about that part of 
their vocalizations?

0:21:23.5 CE: The the first reaction. It seems like a very stupid idea to use air when you dive very 
deep on the water and then use air to produce sounds. And that was also a conundrum, like how can 
that happen? Also, the lungs of whales collapse when they go below 100 meters. So all the air gets 
shuttled in their nose. It's a bony structure in a skull, so the air cannot compress any further and then
they can pressurize it a lot. So they decouple, basically pressurize air in the lungs form the air in our
nose and therefore they can produce really high pressures that would damage our lungs and their 
lungs as well to make these really loud clicks. And sperm whales can make the loudest clicks of any
animal on the planet. They are the loudest sound source there is. A biological one.

0:22:03.0 SC: Yeah. So you actually worked with sperm whales. You were able to involve them in 
your study. How did that happen?

0:22:09.7 CE: Two other things we did is one, we used a lot of CT scanning to look at the fine 
scale anatomy of these so called funny clips. The last thing I think that tied it in beautifully together 
is where we tagged animals and very specifically we needed to put an acoustic tag on their nose that
these are free swimming animals, like had a tag that records the sound they make, the echos they 
receive back, the pressure of the water, the temperature. You can beautifully reconstruct diving 
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profiles of these animals while they're echolocating at like almost two kilometers depth, which is 
super fascinating. But what we there could do is we could tie in all these previous measurements we
did in vivo, but in trained animals we could reconstruct with our funny clips opened and closed in 
the deep.

0:22:54.4 SC: So you had some timing elements there then.

0:22:56.9 CE: We had timing elements and that allowed us to establish that what these animals do, 
which voice register they use when they make these clicks is the vocal fry register when your vocal 
folds are basically closed for more than 70% of the time. And then open very briefly and then slam 
together. And that's what sperm whales also do.

0:23:15.1 SC: So people have this.

0:23:16.5 CE: So we use this too. This is the vocal fry register. It sounds like this, so sort of yes. 
Well and it's been debated a lot in different media over the last 10 years for sure. But we now show 
that basically all these tooth whales use it for echolocation.

0:23:30.3 SC: Yeah. We should talk a little bit more about registers. So humans have vocal 
registers, like you mentioned, vocal fry. We have kind of our chest voice and then like a high like 
falsetto voice where we use to kind of, I guess change how we sound. Now we know we're not the 
only ones who are doing this, that the tooth whales that you looked at also had these vocal registers 
and they use them for different purposes.

0:23:53.5 CE: I think this is the first example of broad registers use in any animal. There has been 
some evidence of vocal fry in prose, for example. But now we show that odontocetes and we did 
this in a very broad phylogenetic approach. They all have these different frequency ranges, so from 
very low to mid to very high. And we think this is the vocal fry chest and falsetto register. And 
these two high registers amazingly are used only for social communication. They're very social 
animals. They have highly complex social systems. And the vocal fry is only used for echolocation.

0:24:27.9 SC: So odontocetes is another name for tooth whales that echolocate, is that right?

0:24:32.7 CE: Yes. And they include the dolphins and the killer whales and the beaked whales and 
all these large tooth predators, but not the baleen whales. That's a different group.

0:24:42.6 SC: And it's like a physically different action that they're doing to make the vocal fry?

0:24:46.5 CE: So at the moment we don't know how they control this. We do know that 
odontocetes have no facial expressions because all the motor neurons that are normally going to 
facial expressions are going through the sound production system. So they have extreme detailed 
controlled over this system at the last of a facial expression.

0:25:07.8 SC: I mean, that's useful, especially if you're in the dark. You don't need to see what's 
going on with the face of your friend.
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0:25:12.5 CE: No. Are you smiling [laughter]

0:25:15.9 SC: This is all happening in the nose, the nasal passages. So humans, when we make 
noise, it's all about the throat, the larynx, what have you. When birds do it, they have a totally 
different organ. And now we know that these tooth whales are like, no, we're gonna go with the 
nose. Do we know why it makes sense for them to use their nose rather than the passageway into 
their lungs the way we do?

0:25:39.0 CE: Yeah. So we think there's a few reasons why this could have slowly evolved. The 
one of them is that by making sound in the nose, they could decouple lung pressure from those 
nasal pressure and that allowed them to basically generate very high pressures that make very loud 
sounds without damaging lung tissue. So for example, a trumpet player goes up to like 10 
kilopascals or so if they generate too much pressure, their lungs will damage. So by decoupling this,
they prevented this damage and they allowed them to make much higher pressures and thus higher 
sound pressures. That's one thing. The other thing is that if you make sound with a larynx as a 
whale, you would radiate it downwards and exit they're interested in radiating in front of them 
where the prey is. So by having the sound source in the nose, basically the skull will reflect the 
sound forward.

0:26:28.1 SC: Yeah. They have a lot of directionality, right?

0:26:30.0 CE: Yes. They have a very high directionality. So we think that those things are 
beneficial to have a nasal sound source. The other thing is that you can then recycle air and you can 
just keep diving and diving and diving and use this air continuously while you're clicking and 
recycling it back and forth.

0:26:44.8 SC: Right. It's not part of your breathing apparatus. So you don't need to like.

0:26:47.2 CE: Exactly.

0:26:48.5 SC: Breath it out. You just have a little... Oh, that's so interesting.

0:26:51.0 RPO: It's totally separated. So these animals are, we think we're very special in our voice
use and in our... We thought we were the only example where we have a voice that's learned that is 
actually so broadly used and now we show, I think another nice example of a whole group of 
animals that has very large brains, is very social and also has this wide use of voice that we are only
starting to understand.

0:27:14.0 SC: Your lab works with sound production in many different kinds of animals. So how 
does what you understand here from whales fit in with the other animals that you've worked with 
like bats?

0:27:23.4 CE: Yeah, so we work with bats and birds and other animals and I think one of the cool 
things is that we now found this same mechanism. So the physical mess mechanism of making 
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sound, which is called the myotic aerodynamic theory, is also applicable to tooth whales. We found 
it earlier also to be applicable to songbirds and birds in general. We then find it applicable to also 
be, for example, of a high frequency calls in bats. And so it seems to be a really universally present 
way of generating sound. It's basically flopping tissue by driven by airflow.

0:27:54.1 SC: So the mechanism is the same, but they all have decided to use different parts of 
their body to do it. Thank you so much, Coen.

0:28:00.8 CE: Thank you so much.

0:28:01.9 SC: Coen Elemans is a professor in biology and head of the Sound Communication and 
Behavior Group at the University of Southern Denmark. You can find a link to the paper at 
science.org/podcast. 

[music]

And that concludes this edition of the Science Podcast. If you have any comments or suggestions, 
write to us at sciencepodcast@aaas.org. You can listen to the show on the science website, 
science.org/podcast, or search for science magazine on any podcasting app. This show was edited 
by me, Sarah Crespi, with production help from Kevin McLean and Podigy. Jeffrey Cook 
composed the music on behalf of science and is publisher AAAS. Thanks for joining us.

[end music]
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