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Abstract

The purpose of this study is to describe the clinical lifeworld of rehabilitation practitioners

who work with patients in disordered states of consciousness (DoC) after severe traumatic

brain injury (TBI). We interviewed 21 practitioners using narrative interviewing methods

from two specialty health systems that admit patients in DoC to inpatient rehabilitation. The

overarching theme arising from the interview data is “Experiencing ambiguity and uncer-

tainty in clinical reasoning about consciousness” when treating persons in DoC. We

describe practitioners’ practices of looking for consistency, making sense of ambiguous and

hard to explain patient responses, and using trial and error or “tinkering” to care for patients.

Due to scientific uncertainty about diagnosis and prognosis in DoC and ambiguity about

interpretation of patient responses, working in the field of DoC disrupts the canonical mean-

ing-making processes that practitioners have been trained in. Studying the lifeworld of reha-

bilitation practitioners through their story-making and story-telling uncovers taken-for-

granted assumptions and normative structures that may exist in rehabilitation medical and

scientific culture, including practitioner training. We are interested in understanding these

canonical breaches in order to make visible how practitioners make meaning while treating

patients.

Introduction

In this paper, we describe the clinical lifeworld in which rehabilitation practitioners work

when treating persons remaining in states of disordered consciousness (DoC) after severe
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traumatic brain injury (TBI) [1–6]. About 59% of persons who receive specialty rehabilitation

will recover from DoC within the first year of recovery [7]. For those remining in DoC recov-

ery will continue for several years, but the odds of substantive recovery incrementally decreas-

ing each year thereafter [7].

Recovery from DoC is described by a gradient of consciousness where less consciousness is

associated with more disruption of functional and structural neural connectivity [8–21]. While

the gradient is delineated clinically as the vegetative state (VS), minimally conscious state

(MCS), and emergence from MCS (eMCS) recovery [22–25], is not necessarily a linear pro-

gression along this gradient [13, 26–28]. Persons remaining in states of DoC, often experience

fluctuating levels of wakefulness and external awareness [29, 30] and, even with highly special-

ized care [31], this inherent variability in neurobehavioral performance obscures clinical

observations of functioning during rehabilitation. This fluctuation challenges practitioners’

day-to-day work because it is hard to unequivocally determine patients’ level of consciousness.

In this way, practitioners work in a context of scientific uncertainty regarding accurate detec-

tion of changes in levels and states of consciousness, which is the basis for monitoring recov-

ery. At the same time, there is a lack of empirical data to guide clinical treatment [32], which

creates ambiguity about treatment decision-making. How practitioners perceive and make

sense of diagnostic and prognostic uncertainty and therapeutic ambiguity remains an

uncharted psychosocial domain [33] and an unappreciated aspect of DoC rehabilitation treat-

ment [34].

We report the ways practitioners provide rehabilitation services in spite of the day-to-day

uncertainty and ambiguity. We also report the way practitioners talk about fluctuations in

patient behavior through story-telling and story-making to make sense of patient recovery and

treatment decisions. In addressing the uncharted domain of understanding how practitioners

manage the uncertainty and ambiguity intrinsic in their day-to-day practice, this paper takes a

non-traditional stance for rehabilitation science. Rather than positioning this study as an

examination of how practitioners’ clinical decision-making influences patient outcomes in

order to inform quality improvement initiatives or advance person-centered care, we describe

the more elementary practice of decision-making processes and underlying reasoning that

enable monitoring of recovery and the inter-related treatment decisions. Doing so enables a

more nuanced understanding of practitioners’ everyday clinical reasoning and the strategies

they use to cope with diagnostic uncertainty and therapeutic ambiguity. This is turn can lead

to new insights and innovation regarding clinical practice and knowledge in sTBI and DoC.

Epistemological underpinnings

Using hermeneutic and narrative approaches, we posit that “meaning and the processes by

which meanings are created and negotiated within a community” form culture [35–40]. Mak-

ing sense (i.e., the act of interpretation) is a fundamental part of the human condition and pro-

vides the basis to understand patient recovery and make treatment decisions.

Inpatient rehabilitation culture is dominated by medical and evidence-based scientific

models in which practitioners are treated as experts who know what to do and can diagnose

and prognosticate with confidence. This culture is driven by the positing of theory-driven,

empirically-proven, measurable outcomes-based clinical practices, where patient recovery is

the ideal outcome. As Mattingly et al note, “Culture gives us the possibility of reading other

minds because a cultural world is one where meanings are public and communal, rather than

individual and private” [41]. The culture of inpatient rehabilitation provides a foundation or

canon by which practitioners can make sense of their work, and guides actions when canonical

breaches or violations occur [35]. Practitioners in DoC work within a world of canonical
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breaches due to the combined scientific uncertainty [32] about diagnosis and ambiguity about

treatment decisions in the face of fluctuating patient behaviors, which disrupt the canonical

meaning-making processes in which practitioners are trained and in which health organiza-

tions operate. We are interested in understanding these canonical breaches and disruptions

that exist within rehabilitation culture as they are exhibited in the stories practitioners in DoC

told because they expose taken-for-granted assumptions and normative cultural structures

that otherwise remain invisible. To do so, we used insights from the traditions of narrative

medicine, grounded theory, and the first author’s phenomenological training [1, 4, 5, 42].

Story-telling and therapeutic emplotment play important roles in rehabilitation practitioner

sense-making [35, 41, 43]. In narrative interviews, we asked practitioners to tell us about times

when interactions with patients were frustrating, surprising, or memorable (exciting, impact-

ful, strange). These interview questions enabled practitioners to share their “stories from the

field” [44], allowing us to see them as actors, even protagonists, in their story-telling, story-

making, and meaning-making as they treated patients. These stories are how practitioners

make sense of their day-to-day work. They are stories of unexpected patient responses, practi-

tioners’ explorations, improvisations, and successes. While we didn’t design our study to focus

on uncertainty and ambiguity in clinical practice, our epistemological approach allowed us to

bring to the surface the ways practitioners in DoC make sense of the challenging interpretive

process of treating patients.

Methods

This study is nested within a larger clinical trial (NCT02366754) examining neurobehavioral,

neural and molecular responses to repetitive transcranial magnetic stimulation provided to

patients with DoC after severe TBI. This qualitative study aimed to advance understanding of

how rehabilitation practitioners understand and communicate neurobehavioral change of

these patients.

Collectively, the authors have many years of experience working with these patients and

their families. The team includes occupational therapists, speech language pathologists, physi-

cal therapists, a phenomenological sociologist, and caregivers.

Data collection

We conducted in-person interviews with 21 rehabilitation practitioners in two health systems

from multiple rehabilitation disciplines (e.g., medical doctors, nurses, social workers, occupa-

tional therapists, physical therapists, and speech language pathologists) who each had at least

six months experience working with patients with DoC after TBI. We used a purposive sam-

pling strategy as our objective was to hear from practitioners who work in specialized DoC

programs since they would have multiple patient encounters to reflect upon during interview-

ing. This is a common strategy in qualitative research designs where the goal is to gain in-

depth understanding [36, 45] of process-oriented phenomena such as understanding behav-

ioral change and meaning-making [37].

“Interviews are speech events that produce narratives that are jointly constructed by inter-

viewers and respondents” [46]. Two rehabilitation practitioners (EW and AG) with expertise

treating DoC patients conducted the interviews. They were trained by the first author, an

expert in qualitative interviewing. All interviews were audio-recorded and transcribed verba-

tim. Institutional Review Board approvals were obtained from Northwestern (NU IRB:

STU00203840) and Edward Hines, Jr. Veteran Affairs Hospital (Hines IRB: 16–037). Partici-

pants were provided with information letters about the study and verbally consented.
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Data analysis and reflexivity

We are aware that these data are “our own constructions of other people’s constructions of

what they and their compatriots are up to” [47]. Using the principles of grounded theory and

narrative analysis, we analyzed interviews into major topics and themes based on participants’

direct quotes [1, 2, 6, 48]. Our analyses were inductive in that we did not apply a priori con-

structs or theories to coding. We began with open, line-by-line coding [1, 48]. Three members

of our team (JW, AG, CP) coded separately and discussed codes during weekly meetings. Each

member read transcripts a minimum of three times.

Data collection and analysis occurred simultaneously and iteratively. We created categories

from codes and memos [1, 48]. For this study, categories served as organizing ‘buckets’ includ-

ing multiple codes that described similar topics or experiences and which later became themes.

Codes and categories were not mutually exclusive, rather one code might fit within two catego-

ries. Themes typically involved combining more than one category (Fig 1). We developed a

codebook to organize and appraise our decisions, and engaged in constant comparison analy-

sis of analytic themes [1, 48]. We used the qualitative software NVIVO 11 to organize our data

and work on codes and categories.

We practiced reflexivity, [49, 50] that is, critical awareness of our own positionality, biases,

and emotions regarding the data, by writing personal and analytic memos [1]. We engaged in

member-checking with the practitioners in our team by practicing “dialogical intersubjectiv-

ity” [1, 50], in which we exchanged positive and challenging emotions and thoughts related to

the data, practiced active listening of each other’s perspectives, and challenged each other to

acknowledge our unique perceptions and predispositions (including personal, disciplinary,

and professional). We documented these discussions in minutes to audit our decisions. When

we disagreed, we re-read the transcripts until we reached simple group consensus [1]. In spite

of all the careful work to not impose our experiences onto the data, it is possible that we have

highlighted findings that are meaningful to us because of our experiences.

Fig 1. Example of methodological approach to generating themes.

https://doi.org/10.1371/journal.pone.0267194.g001
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Findings

Participants were recruited and enrolled from two North American, mid-western clinical set-

tings—a civilian (n = 7) and a veteran inpatient rehabilitation facility (n = 14) (Table 1). The

majority of participants were female (n = 20), rehabilitation therapists (n = 13), with more

than twenty years’ experience in their profession (n = 11), and more than 5 years’ experience

working specifically with patients with DoC (n = 11). In an effort to preserve participants’ ano-

nymity, when quoting, we identify them with their professional designation (e.g., PT for Physi-

cal Therapist) followed by a number (e.g., PT 2). As is common in most qualitative reporting

traditions, we do not enumerate how many participants agreed or mentioned a particular

topic or category. Participant quotes are chosen because they best represent the themes we

report in this paper. Participant characteristics are representative of the rehabilitation work-

force. The American Speech-Language-Hearing Association (ASHA) reported in 2019, that

96% of the 175,000 SLPs certified by ASHA are female [51]. The results of the 2017 National

Nursing workforce survey, indicate 90.9% of the RN workforce in the United States identifies

as female [52]. The American Occupational Therapy Association Workforce and Salary Survey

of 2019 reports that 91% of the OT workforce identifies as female [53]. Similarly, statistics pub-

lished by the American Physical Therapy Association indicate that 65% of physical therapists

and 71% of physical therapy assistants identify as female [54].

Table 1. Participant demographics.

Demographic Information Number of Participants

Setting Veteran Facility 14

Civilian Facility 7

Discipline Occupational Therapist 4

Physical Therapist 4

Speech and Language Pathologist 3

Nursing 2

Physical Medicine & Rehabilitation Medical

Doctor

2

Psychologist 2

Recreational Therapist 2

Certified Nursing Assistant 1

Social Worker 1

Gender Female 20

Male 1

Age 25–35 9

36–45 4

46–55 6

>55 2

Years Practicing in Profession <5 5

5–10 3

11–20 7

More than 20 11

Years Practicing with Patients in

DoC

0–5 years 9

6–10 3

More than 10 9

https://doi.org/10.1371/journal.pone.0267194.t001
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Experiencing ambiguity and uncertainty in clinical reasoning about

consciousness

Ambiguity (inexactness) and uncertainty (unpredictability) are related. Ambiguity may arise in

situations where multiple persons have differing interpretations of the same experience. In DoC,

ambiguity arises due to imprecision of clinical assessments to document states of consciousness,

multiple expert interpretations of patient states of consciousness, and uncertainty arises with lim-

ited evidence regarding efficacy of chosen treatments [32]. A common aspect of ambiguity is

experiencing lack of confidence because there is imprecise or unknown information which render

situations difficult to be sure about. These epistemic limitations make a patient’s states of con-

sciousness largely unknown. In the context of DoC, uncertainty exists due to individual patient

variation in responses to treatment and fluctuating patient response. As such, detecting and deter-

mining signs of consciousness in patients in DoC is challenging. Practitioners made sense of

patients’ ambiguous signs of consciousness via patient stories whose leitmotif was ‘looking for a

person’ in the patient in DoC’ during treatment [55]. In other words, practitioners in DoC observe

signs that can point to patients’ intention, motivation, or volition that could not be classified as

mere bodily reflexes or responses [56]. ‘Looking for a person’ was one of the ways practitioners

talked about searching for consciousness when treating their patients.

We identify two major categories to describe ambiguity (inexactness) and uncertainty

(unpredictability) when treating persons in DoC: “Fluctuation is the norm” and “Trying stuff”

(Table 2). The first describes practitioners’ experiences of clinical reasoning about diagnosing

patients’ levels or states consciousness by searching for consistency and making sense of

ambiguous patient responses to describe their recovery. The second describes what practition-

ers do in spite of uncertainty in the face of paucity of empirical evidence and brings to the sur-

face that practitioners go outside their canonical training in order to make treatment

decisions. Both categories represent ways in which practitioners make meaning and clinically

reasons about patients’ consciousness in the midst of ambiguity and uncertainty regarding

treatment decisions.

Clinical reasoning about consciousness when “fluctuation is the norm”. Fluctuation,

variability, and lack of consistency were expressions all rehabilitation practitioners used to

describe and interpret the recovery process of patients with DoC. One participant, PT7, ele-

gantly captures this experience: “We expect fluctuation in this patient population. Fluctuation

is the norm. We don’t expect consistent performance.” “Fluctuation is the norm” resonated

with practitioners in our research team, and is echoed in the DoC literature [29, 30, 57]. PT8

similarly described: “I had a patient in our emerging consciousness program, he was making

some gains but still wasn’t consistently following commands. He was here for 12 weeks and for

the majority of that time he was kinda at a similar level and it was just very variable. One day

he seemed to be occasionally responding or doing things more consistently, while other days

he was doing nothing.”

When patients’ responses are inconsistent and fluctuating, it is challenging for practitioners

to be certain about how to interpret them. For example, are patients improving or deteriorat-

ing? In which state of consciousness do their responses best fit? PT7 wonders about her

patient: “You know, is she [patient] consistent? Is she truly consistent? Like 100% consistent?

Or is she still inconsistent enough where you’d say she was technically still minimally con-

scious? Or had she truly emerged into that conscious state?” (Italics denotes emphasis in the

audio transcript). Wondering about patients’ recovery, rather than being confident in their

assessment of patient progress or decline, characterized practitioners’ ways of talking about

their work.
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PT7 exemplifies her search for consistency by repeating: “is she consistent”, “truly consis-

tent”, “100% consistent.” Her words parallel the specialized language of commonly used clini-

cal assessment tools (such as the CRS-R [58] or Coma Near Coma Scale [59, 60]) where patient

responses are scored according to consistency, defined by consensus of practitioners, and

serves as a clinical marker for recovery [61, 62]. Seeking consistency where “fluctuation is the

norm” points to efforts to cope with the ambiguity inherent in practitioners’ work.

Practitioners stated the experience of a ‘double take’ when patients responded to a com-

mand for the first time. “I can remember when [patient] would follow a command for the first

time. [I thought] ‘Whoa, did they actually just do that? Did I actually just see that? Or was that

sort of random?’” (PT7) A double take is a behavioral response to the cognitive dissonance

practitioners may experience when treating these patients whose responses fluctuate so much

and are inconsistent [63]. It may also be an example of doubt—“Did I actually just see that?”

perhaps indicates not trusting one’s own senses.

We turn next to examples of how practitioners make meaning in this treatment

environment.

Examples of meaning-making when “fluctuation is the norm”. Fleming and Mattingly assert

that practitioners “simultaneously observe, assess, and interpret patient’s actions” and this

“thinking in action” is tacit and involves experiential knowledge (i.e. disciplinary and practical

training, prior experience with patients, and astutely observing during treatment sessions)

[37]. Practitioners make meaning as they act out their reasoning in treatment sessions with

patients. The process of making meaning is active and creative, even though it is tacit. We

show examples of practitioners’ meaning-making and clinical reasoning when “fluctuation is

the norm” around four themes: searching to observe consistent responses to stimuli as indica-

tions that the patient is improving, collaborating with others in teams to identify consistency of

responses thus documenting level of consciousness, observing nuances in patient responses,

and grappling with unexplained recoveries or stalls in patient progress.

P16 explains a clinical reasoning logic she uses in her searches for consistency: “What I typi-

cally like to see is, you know, that they are beginning to show some localized and purposeful

activity. We might start to see first some sort of intentional motor cognitive behavior and then

that that’s consistent. You’re seeing that consistently and then that’s kind of building into even

more than that. Either following a command, like a yes/no or whether that’s nodding or

thumbs up or down. So, something consistent.”

Clinical reasoning in inpatient rehabilitation is not just an individual practitioner’s process,

it is collaborative and team-based. Deciding whether patients were consistent was discussed

often in team meetings. OT6: “as a team we talk about [possible change] and I’ll say ‘I am see-

ing a localized response, they are localizing to this’. . . and Speech may say ‘I see that but I’m

not seeing it consistently.’ So that is why sometimes we will wait until it’s consistent cross disci-

plines before we jump between levels [of consciousness.]” Multiple practitioners need to agree

that indeed the patient is responding consistently in order to formally document a state of

consciousness.

In order to determine whether patients are responding consistently, practitioners described

the importance of observing fine nuances in patient responses as an important clinical reason-

ing practice. Recovery “is more of a gradual thing. I don’t feel like one day you walk in and

they are emerged. . . . we’re doing serial daily exams on the person and nursing is getting a 24/

7 view. You have all this information that you are gathering all the time; so, in my experience I

would say it’s more of taking all of that input in and it’s not a black and white thing.” (P16)

The action of “taking it all in” is a form of clinical reasoning practitioners engage in to look for

consistent indications of recovery of function and consciousness. Noticing is an important

observational tool to achieve this: “Usually the first thing we see is some sort of eye contact,
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some sort of effort to follow an object, or just pulling away if you touch them, or if you put

your hand in their hand and they respond in some way with a hand movement. . . . those are

kind of the first signs that I start to notice.” (RT11)

Though practitioners notice fine nuances and “take all the information in,” they sometimes

can’t explain patients’ recovery using formal clinical assessment information or their own

expertise and scientific training. RT11: “Mr. Jones was our worst-case scenario patient. We

expected that he might regain some small level of function; and [yet] he’s functioning on a

level that no one can explain.” SLP1 shares an example of a patient whose assessment informa-

tion showed “no response,” but that didn’t stop the clinical team from wondering why that

was the case: “He never tracked in any way, he never focused on anything. At one point we

were suspecting, ‘could he be blind?’ Because no matter what, we never saw anything visual

with him.” When clinical assessment information does not satisfy explanations for why a

patient isn’t responding to stimuli, plausible wondering may be a way of grappling with

ambiguity.

While analyzing these data, we wondered: What do practitioners do with unexplainable

recoveries? How do practitioners work with clinical information they can’t explain? PT7 sees a

chance to learn: “[Patient] is really doing well from a physical perspective; much beyond my

initial expectations were. So, it was actually a really good learning case for me because I

thought I knew a lot at that point in my career and it was a good reminder to me of the things

we don’t always know.”

Clinical reasoning takes place during the act of treating patients, it is not a purely cognitive,

thinking process. It is “thinking in action” that practitioners engage in when they provide dif-

ferent stimuli to observe nuances of behavior, collaborate with team members to better under-

stand patient responses, and make sense of what they are observing in the moment to assess of

patients’ recovery status. During this “thinking in action,” practitioners make meaning using

prior knowledge and experience, assessing-in-the-moment information, and by comparing

their observations of present behavior with patients’ past performance. We turn next to

explore further practitioners’ “thinking in action” through practitioners’ patient stories shared

during interviews.

Trying to find consciousness by “trying stuff”. Through practitioners’ patient stories we

can learn how practitioners “think in action” and what they do during clinical sessions to eval-

uate patients’ consciousness status, elicit responses, facilitate consistency in responses to vari-

ous stimuli associated with a particular state of consciousness, or generate emerging responses

for the next state of consciousness [62, 64, 65]. Through these stories we learn how they make

sense of their interactions with patients’ inherently fluctuating and inconsistent responses.

“Thinking in action” involves trial and error. OT4: “I was trained by my colleagues to just try

stuff. Because there is a lack of research with disorders of consciousness as far as interventions

that actually work. A lot of time I feel like we are trying stuff, and we are just [waiting to] see

what happens.” Working in a clinical environment where practitioners “try stuff” and wait to

“see what happens” is unlike other rehabilitation fields where recovery trajectories are more

predictable and there is less clinical equipoise.

“Trying stuff” and “seeing what happens” frame the stories practitioners told us. Their sto-

ries communicate more than strategies or tools they use to evaluate and treat. We see the crea-

tion and enactment of plots that help organize their observations and give meaning to

unfamiliar or hard to explain situations. The uncertainty of responses to treatments and recov-

ery trajectories for persons with DoC is a breach or challenge to the canonical scientific reason-

ing practitioners are trained in and comfortable with; it is no surprise that they share stories in

which they narrate how they make sense of challenging interactions with patients. In narrat-

ing, they tell sense-making stories of complex or impactful situations, and position themselves
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as actors, even protagonists. In a medical culture where practitioners are supposed to know

what to do and how to do it, treating patients in DoC may disrupt these suppositions.

In the examples that follow, we use practitioners’ stories of patient interactions that focus

on the theme of “trying stuff”. In these stories, practitioners use music, video, prayer, and a

dog to elicit responses and treat patients. They cast themselves sometimes in the role of

explorer, improviser, or rebel, and they tell stories of miracles, informed experimentation, and

lucky happenstances. In these stories, practitioners become tinkerers [66–69].

“Trying stuff:” Examples of “thinking in action”. RT11 used music to elicit responses from a

patient who was alert and used hand gestures but was not verbalizing. RT11 works alongside a

young and energetic male intern, who sang a popular song by Vanilla Ice called ‘Ice, Ice, Baby’.

The refrain is ‘stop, collaborate, listen’:

“[the intern] sang ‘stop, collaborate,’ and stopped, and the patient mouthed the word ‘lis-

ten’. We didn’t hear anything at that time, but as we continued on with the song, [the patient]

would finish the sentence and gradually we started to actually hear him verbalize the right

word. We had tried everything, including songs that his wife said he liked. He didn’t respond

to those, but this was a song that he would have known as a young teenager, like 12 or 13 years

old. And so somehow it stirred something.”

What can’t be read in this passage is the excitement in the practitioner’s voice about the

increasing consistency of and improvement in the quality of elicited responses, starting first

with mouthing and then verbalizing the song words. In this story, RT11 explains some of the

reasoning strategies clinicians use including gathering information from individuals with close

knowledge of patient preferences, such as the patient’s wife, and also the in-the-moment lucky

serendipity of a song sung by a team member. In declaring they had tried “everything,” RT11

is acknowledging the interplay of clinical judgement and guesswork/ trial and error aspects in

treatment planning. Sound clinical choices, such as the patient’s past preferred music, are sup-

plemented with in-the-moment lucky happenstance. RT11 exemplifies one way of “thinking

in action”: building implicit, individualized theories to explain what worked or didn’t work

with patients.

Another instance of practitioners “trying stuff” comes from a collaboration with family to

bring a dog to a patient’s room [70]. PT6 told us, “The patient’s head was down and he wasn’t

making any eye contact or an effort to raise his head. When the dog came in, we had to cue

him to look, and then he raised his head and his eyes widened and started to smile. When the

dog came closer to him, he leaned in towards the dog more and when we put his hand on the

dog’s head, we saw him moving his fingers as if he was trying to scratch. His sustained atten-

tion was longer when the dog was there; I could get him to really focus for ten to fifteen min-

utes.” In this example, the practitioner is reflecting on how the patient’s attention when the

dog is present is longer and more sustained than prior sessions without the dog. In this brief

story, we see the practitioner making sense of the patient’s improvement (more consistent, sus-

tained attention) as being related to the presence of a dog (with whom he felt connected). The

practitioner explored bringing a dog in treatment as part of “trying things” and now builds her

own knowledge base of possible interventions that might work with these patients.

Practitioners operate with few validated approaches in their treatment toolbox. As a result,

they perceive their informed experimentation as radical and norm-breaking. Yet, in reality,

normative rehabilitation practice in this area offers little guidance since recovery is unpredict-

able and the tool box of options for treatment with established efficacy are limited. In the next

example, RT3 casts herself in the role of a rebel, or acting ‘outside the box’ to tell a story of

non-conformity and success.

RT3 used a TV show in her treatment: “I’m a very non-traditional, sort of out of the

box therapist, and sometimes what these young males respond to is not a clinically standard
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and appropriate type of approach. There’s a TV show called “Jackass” where these guys do

ridiculous things and often times they’re just gross and inappropriate and, in every way, unac-

ceptable behavior. But, I get a better response from “Jackass” than I do almost anything and so

I put it on for this young man. . . . The first thing that I noticed, he was watching the screen

and not just sitting there, you know, just unaware. He was focusing on the screen and he rec-

ognized that the moment was funny and he smiled at the right time. That was my first sign

that he was starting to emerge.” This practitioner’s “out of the box” treatment points to the

importance of transgressing disciplinary and normative training to “try things” in order to

provide treatments that elicit responses indicative of alertness or arousability or that elicit con-

textually appropriate responses. This story also shows us that each and every clinical observa-

tion a practitioner makes is an additional way for them to collect information that can bring

clarity amidst uncertainty of treatment responses to help determine whether patients’

responses can be seen as progress in the recovery trajectory.

We report a final example of “thinking in action” and trial and error process as it shows

that rehabilitation practitioners are willing to go outside their comfort zones to enable, facili-

tate, and support patient recovery.

RT11 describes being part of a prayer gathering with a patient’s family. She expresses that

this activity was out of her comfort zone and had difficulty making sense of the effects this

prayer gathering had on the patient. “There was singing, praying, shaking of rattles and drums

and things like that. There was two people working with the patient and then two people that

worked with his wife. They did breathing work with the wife to release emotional stuff and

they did some massage. There were prayers in the Christian and Mayan traditions. Overall, it

was a very emotional and amazing experience. The patient had been here for months and had

no real response that we could see. So, immediately after that experience, he kind of went into

this even deeper sleep, it was like he was knocked out for three days and on the third day when

he woke up, he was present. His eyes had changed. He was tracking and showing responsive-

ness and he just went on this remarkable recovery process that nobody here can explain it.

People talk about it and nobody has an explanation. People say it was, he was, a miracle.”

In this story of “miracle” recovery, RT11 is not in control of what takes place in the patient’s

room; she is a participant, not an expert. She can’t explain why the patient recovered; her story

is cast as a miracle and expresses her own sense making. In the lifeworld of ambiguity and

uncertainty that practitioners in DoC navigate, they are explorers, rebels, witnesses of miracles,

and improvisers. In the stories presented, practitioners continue trying even though they may

not know what might work and why.

“Trying stuff” is an intentional practice. Rehabilitation practitioners “wait to see” how

patients respond (experimentation/trial and error), even when they “don’t really know why a

response is happening.” PT7 stated, “we need to try and stimulate [patients’] level of alertness

in any way we can.” To say that practitioners try to stimulate patients “in any way they” can

doesn’t mean that ‘anything goes.’ Rather, practitioners use formal knowledge, prior experi-

ences with previous patients, extrapolation from previous successes, and experimentation

(trial and error.) They tell stories to create and enhance meaning making and clinical reason-

ing. In studies of medicine, this practice is called “doctoring” or “tinkering” [66, 69].

Discussion

Rehabilitation practitioners are trained in the scientific model of evidence-based medicine

(EBM), which includes rational hypothetical-deductive reasoning and logical induction-based

algorithms to produce reliable, accurate and valid diagnosis, prognosis, and treatment deci-

sions. In recent years, they are also trained to provide services in person-centered and
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culturally competent ways. Medical training and EBM create a cultural framework within

which practitioners are cast as experts who know what to do and when to do it. In this frame-

work, empirical knowledge and theory are expected to inform clinical practice with confidence

and replicability. Practitioners learn the norms of EBM, the technical tools to assess patients,

and the medical language to communicate in. In the EBM literature, uncertainty is viewed as a

potential threat to be minimized [71, 72]. EBM has become the canonical framework, and as

such it holds epistemic privilege. Some uncertainty is always involved in clinical reasoning. In

the clinical lifeworld of rehabilitation practitioners in DoC, ambiguity and uncertainty are

omni-present [73, 74]. Practitioners in our study stated that they “don’t always know” what to

do, that they “try things” in any way they can in order to help patients emerge to conscious-

ness, all the while they second guessed themselves [75], they were unable to explain patient

recoveries, experienced assessment discordance (i.e. different practitioners’ clinical assessment

scores were often not in agreement with each other’s) and cognitive dissonance (such as ‘dou-

ble take’). They rarely used language that positioned themselves as knowers [75]. They tell

patient stories in discordance to the cultural frameworks they have been trained in. They

tell patient stories of fluctuation, multiple interpretation, dissonance and doubt, and of trans-

gression from canonical training or treatment. Their stories give us an opportunity to become

aware of taken-for-granted practices within the rehabilitation canon that may be otherwise

invisible.

In this paper, we discuss the practice of tinkering [69] to make visible the ways practitioners

enact clinical and narrative reasoning in this context. Our overall goal is to show the challenges

of working in the field of DoC and exhibit practitioners’ dedication and creativity to respond

to these challenges. In doing so, we show the value that practitioner clinical practices bring to

the field of DoC and thus expose the epistemic injustice of treating “thinking in action” as infe-

rior to EBM [76]. We hope that future research and scholarship continue to explicate practi-

tioners’ experiences, practices and ways of working with patients in DoC as valuable ways of

knowing and doing. Our data and research in clinical practice suggest that “thinking in action”

and tinkering are tools/ ways practitioners use in clinical practice. Yet, there is very little in the

peer-reviewed literature about the value this practice can offer rehabilitation medicine.

The practice of tinkering: Clinical reasoning in the midst of ambiguity and

uncertainty

Humans reason logically, but also by analogy and through narrative: they use information

from familiar areas to link to present situations or problems and tell stories that align with rele-

vant cultural frameworks. This reasoning may be explicit and shareable, or it may be tacit [77].

In our study, practitioners rely on their own clinical expertise, past experiences, and on team-

mates to interpret patients’ responses and make recovery and planning decisions. They make

decisions based on judgments, not exactitude [78]; that is, they use a “treasure store of tacit

tricks of the trade” such as “a working hypothesis, tradeoffs, risks, intuition” [78]. These “tricks

of the trade” are clinical reasoning practices called “doctoring” or “tinkering” [66, 67, 69, 79].

Tinkering is a way of caring for patients that involves curiosity, experimentation, struggle,

possibly “failing and trying again,” being flexible and adapting to complex clinical settings

[69]. Tinkering is not an approach where “anything goes.” It involves casting oneself into par-

ticular narrative roles (rebel, experimenter, observer). The very expression “trying things” that

all practitioners used to linguistically express their common practice, suggests that tinkering is

part of their everyday lifeworld. Tinkering is how practitioners sometimes have to reason—

with creativity and dedication to do what is best for patients, in spite of the ambiguity and

uncertainty surrounding them. Tinkering as a practice and as a way of caring, however, is not
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generally taught in educational curricula and it is not celebrated as a creative response to car-

ing for complex patients. Tinkering is not perceived as important in the peer reviewed litera-

ture since there is a paucity of studies that explicate it as a practice, even though our

practitioners clearly use it daily.

Tinkering and the search for consciousness. When asked how they made sense of the

fluctuation of patients’ responses to treatment, practitioners reported that they constantly

looked for signs of consciousness. They described this through their stories of looking for “a

person being in there,” [63] which means observing signs of intention, motivation, or volition

that could not be classified as mere bodily reflexes. Considering the high misdiagnosis rates in

this population [80–82], efforts to find capacities that signal recovery of volitional abilities, i.e.,

of consciousness, are significant. ‘Looking for a person in the patient in DoC’ was the plot, the

leitmotif, of many practitioners’ patient stories told during interviews. In their stories, practi-

tioners used expressions such as “paying attention to fine nuances” (RT11), “searching for con-

sistency” (SLP1), “trying things” (OT6), and “trying anything to help patients emerge” (PT7).

These are examples of tinkering with dedication.

From hermeneutic and narrative perspectives, we recognize interpretation as embedded in

clinical reasoning [83–85] and see how it tacitly informs the ways practitioners are trained and

work. In their day-to-day work, practitioners actively engage in interpretation. For instance,

OTs find patterns in patients’ expressions to produce narrative explanations of patients’ prob-

lems [86]. PTs engage in “piecing clues together to form meaningful wholes” by “a continuing

and cyclical process of cue acquisition, hypothesis generation and evaluation of both” [87].

The inclination to find consciousness and, therefore, signs of personhood formed a part of nar-

rative reasoning and “thinking in action” involving piecing together information to make

sense of patients’ data and circumstances. In other words, while treating patients, practitioners

are enacting narrative plots in which they create meaning to make sense of what is happening

in their treatments. During interviews, they told stories of their reasoning in which they make

sense of their actions. In this paper we have shown how practitioners make sense of (i.e., inter-

pret) the clues patients given them to piece together a meaningful picture of the patient in

DoC as a person, rather than as a mere body. In searching for consciousness, practitioners

breach the canon of EBM. In looking for consciousness, practitioners tinker with their treat-

ment toolbox. As they tinker, they expose the limitations of the current state of scientific

knowledge in the field of DoC. Tinkering, in this sense then, is a clinical reasoning practice

that breaches the canon of rehabilitation science. As such, it has the potential to open the field

of DoC practice to celebrating practitioners’ ways of caring and treating. This may promote

exploration and innovation of new treatment modalities and practices.

Yearning for consistency in the midst of uncertainty. Practitioners used linguistic

expressions such as “is she truly consistent?” and “did I just see that?” signifying their disbelief,

ambivalence, lack of certainty and confidence [75] because of patients’ fluctuating or inconsis-

tent signs [88]. Philosophers identify yearning for consistency as part of the human condition:

in the face of fear and ambiguity, we want certainty [89, 90]. Practitioners may experience self-

doubt; they may not know how to make sense of what they are observing. Treating patients

from a position of “not knowing” is challenging for practitioners because they “are trained to

be experts, [their] job is to know things, to have answers, to educate. . . Doubt, uncertainty,

openness, and reflexivity, however, are essential to avoid stasis, to move rehabilitation in crea-

tive directions that best meet the needs of the people and communities we serve” p.141) [68,

91].

In this all too human predicament, practitioners continued to treat, care, and “try things”

with patients. They didn’t waver, even when not knowing whether or how their interventions

impacted their patients. They tried things, observed nuances, adjusted treatments, and didn’t
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give up. Practitioners marshaled ethics, virtues, experiences, and insights. Clinical reasoning is

not just about using the “tricks of the trade” [78]. It is part of the “detective” work of piecing

clues together, and of tinkering [66, 67, 69, 79, 87]. Continuous critical review of new evidence

and constructive doubting of one’s decisions—in other words, practicing with humility—are

important elements of being a practitioner in DoC rehabilitation.

Implications to the field of rehabilitation

In this study, practitioners show us the limitations of a canonical medical culture that focuses

on EBM training and valorizes the credentialed professional as the expert. But practicing in

the field of DoC is practicing in a borderland [92]. Practitioners are challenged by scientific

uncertainty about diagnosis and prognosis and by the ambiguity inherent in treating patients

whose responses fluctuate while there is limited evidence to guide treatment decisions. These

epistemic limitations have day-to-day consequences for practitioners: they experience lack of

confidence and doubt their expertise; they become tinkerers (innovators, improvisers, heroes,

rebels, humble observers) in order to respond and treat patients. One implication for the train-

ing of practitioners in DoC is to encourage the explicit use of tinkering as a form of clinical

reasoning. Uncertainty poses epistemic challenges to EBM. But uncertainty is not necessarily a

threat to effectively practice rehabilitation medicine.

Uncertainty may make practitioners uncomfortable and vulnerable and while these are dif-

ficult experiences, they open possibilities for creative tinkering that can benefit patients. In the

EBM model, uncertainty is a threat. In everyday rehabilitation practice, practitioners’ narrative

reasoning shows us how uncertainty opens up tinkering. In the field of DoC, where there is

epistemic uncertainty, practitioners’ ways of knowing and doing are valuable contributions to

the treatment process, and “I don’t know” is evidence of practicing with humility. Practicing

with humility is a strength, not a liability. We hope future studies in the field of medical reha-

bilitation and DoC in particular will continue to make visible the creative ways that practition-

ers use to respond to epistemic uncertainty when they care for complex patients. Making

visible how practitioners engage in tinkering practices is one way that we contribute to the

field of rehabilitation and DoC. Whether tinkering is efficacious to supporting emergence to

consciousness for patients in DoC remains unclear and an area of study that needs to be fur-

ther explored.

While breaching the cannon of EBM may provide an opportunity to promote innovation of

new treatment modalities and practices, explicit use of tinkering as a form of clinical reasoning

may expose patients to unnecessary risk, or at the very least, expose patients to ineffective

interventions. We do not believe the state of the science of tinkering is such that it could be

recommended for implementation in a systematic manner. Future research is needed to

understand the role of tinkering in tailoring interventions to patients, perhaps by balancing

EBM training with ethical clinical practice.

Limitations

This study involves a small number of participants from two Midwestern rehabilitation facili-

ties with specialized DoC programs and does not represent experiences across facilities and

settings. Patients with DoC are often overlooked and not admitted for inpatient rehabilitation,

which means our data reflect a vantage point of patients admitted to specialty rehabilitation.

Another limitation is recall bias; we were asking practitioners to describe past and current

experiences with patients, which may mean that we only heard about the most memorable,

frustrating, and surprising experiences. We may have missed opportunities to hear about dif-

ferent types of patients with DoC after TBI. Our study focused on interview narratives and the
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stories participants created for the purposes of interviews. We didn’t have ethnographic and

video data of their clinical encounters. As such, we could not analyze using the tools of conver-

sational analysis and ethnography which would have allowed for more detailed analyses and

nuanced discussions of the ways in which practitioners organize their interpretation processes.

Future studies should pay more attention to the everyday practices of practitioners by collect-

ing video and ethnographic data of clinical encounters.

Conclusion

Rehabilitation practitioners who care for patients in DoC work in an environment of ambigu-

ity and uncertainty. Ambiguity exists when there is either no evidence base or there is an

imprecise scientific basis to guide diagnoses, prognostication and treatment decisions. Uncer-

tainty occurs when there is high variability in patient responses to treatment and recovery pat-

terns are unpredictable. EBM rehabilitation training curricula do not provide the tools to

manage ambiguity, and the diagnostic and prognostic uncertainty of DoC challenges practi-

tioners. The practitioners in our study responded to ambiguity and uncertainty by using their

observation skills to monitor nuances in patients’ responses that might indicate emerging con-

sciousness. They did so by searching for consistent behavioral responses to stimuli as indica-

tions that the patient is improving, observing fine nuances, and collaborating with peers to

grapple with unexplained recoveries or stalls in patient progress. While uncertainty raises dis-

comfort, practitioners in our study used “thinking in action” tools such as tinkering to respond

to uncertainty in order to care for their patients. They “tried things,” used trial and error,

worked “outside the box”, tweaked things–they tinkered in order to provide optimal care.

They sometimes admitted they didn’t know why patients recovered the way they did. In admit-

ting they didn’t know, they showed their capacity for humility and vulnerability. Practitioners

do not simply provide care to patients according to pre-established guidelines; they generate

important knowledge by “thinking in action” and tinkering described in this paper. Under-

standing these practices can lead to new knowledge; practitioners’ innovations can generate

new insights that can move the science and practice of DoC forward. This study described the

innovative ways rehabilitation practitioners deal with ambiguity and uncertainty in working

with patients in DoC through tinkering, and as such, opens up the black box of rehabilitation

practice.
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12. Demertzi A, Gómez F, Crone JS, Vanhaudenhuyse A, Tshibanda L, Noirhomme Q, et al. Multiple fMRI

system-level baseline connectivity is disrupted in patients with consciousness alterations. Cortex; a

journal devoted to the study of the nervous system and behavior. 2014; 52:35–46. https://doi.org/10.

1016/j.cortex.2013.11.005 PMID: 24480455.

13. Di Perri C, Bahri MA, Amico E, Thibaut A, Heine L, Antonopoulos G, et al. Neural correlates of con-

sciousness in patients who have emerged from a minimally conscious state: a cross-sectional

PLOS ONE Fluctuation is the norm

PLOS ONE | https://doi.org/10.1371/journal.pone.0267194 April 21, 2022 17 / 21

https://doi.org/10.1080/09638280701336306
http://www.ncbi.nlm.nih.gov/pubmed/17852300
https://doi.org/10.1016/j.apmr.2012.10.041
http://www.ncbi.nlm.nih.gov/pubmed/23732164
https://doi.org/10.1073/pnas.1208933109
http://www.ncbi.nlm.nih.gov/pubmed/23185007
https://doi.org/10.1007/s00415-011-6303-7
http://www.ncbi.nlm.nih.gov/pubmed/22081100
https://doi.org/10.1002/jnr.24115
http://www.ncbi.nlm.nih.gov/pubmed/28801920
https://doi.org/10.1093/brain/awv169
http://www.ncbi.nlm.nih.gov/pubmed/26117367
https://doi.org/10.1016/j.cortex.2013.11.005
https://doi.org/10.1016/j.cortex.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24480455
https://doi.org/10.1371/journal.pone.0267194


multimodal imaging study. The Lancet Neurology. 2016; 15(8):830–42. https://doi.org/10.1016/S1474-

4422(16)00111-3 PMID: 27131917.

14. Edlow BL, Haynes RL, Takahashi E, Klein JP, Cummings P, Benner T, et al. Disconnection of the

ascending arousal system in traumatic coma. J Neuropathol Exp Neurol. 2013; 72(6):505–23. Epub

2013/05/10. https://doi.org/10.1097/NEN.0b013e3182945bf6 PMID: 23656993; PubMed Central

PMCID: PMC3761353.

15. Fischer DB, Boes AD, Demertzi A, Evrard HC, Laureys S, Edlow BL, et al. A human brain network

derived from coma-causing brainstem lesions. Neurology. 2016; 87(23):2427–34. https://doi.org/10.

1212/WNL.0000000000003404 PMID: 27815400.

16. Mori S, Zhang J. Principles of Diffusion Tensor Imaging and Its Applications to Basic Neuroscience

Research. Neuron. 2006; 51(5):527–39. https://doi.org/10.1016/j.neuron.2006.08.012 PMID:

16950152

17. Schiff ND. Recovery of consciousness after brain injury: a mesocircuit hypothesis. Trends in Neurosci-

ences. 2010; 33(1):1–9. https://doi.org/10.1016/j.tins.2009.11.002 PMID: 19954851

18. Schiff ND, Giacino JT, Kalmar K, Victor JD, Baker K, Gerber M, et al. Behavioural improvements with

thalamic stimulation after severe traumatic brain injury. Nature. 2007; 448(7153):600–3. https://doi.org/

10.1038/nature06041 PMID: 17671503

19. Schiff ND, Ribary U, Moreno DR, Beattie B, Kronberg E, Blasberg R, et al. Residual cerebral activity

and behavioural fragments can remain in the persistently vegetative brain. Brain: a journal of neurology.

2002;125(Pt 6):1210–34. https://doi.org/10.1093/brain/awf131 PMID: 12023311.

20. Summers CR, Ivins BJ, Schwab KA. Traumatic brain injury in the United States: an epidemiologic over-

view. The Mount Sinai journal of medicine, New York. 2009; 76 2:105–10.

21. Yao S, Song J, Gao L, Yan Y, Huang C, Ding H, et al. Thalamocortical Sensorimotor Circuit Damage

Associated with Disorders of Consciousness for Diffuse Axonal Injury Patients. Journal of the neurologi-

cal sciences. 2015; 356(1):168–74. https://doi.org/10.1016/j.jns.2015.06.044 PMID: 26165776

22. Giacino JT, Ashwal S, Childs N, Cranford R, Jennett B, Katz DI, et al. The minimally conscious state:

Definition and diagnostic criteria. Neurology. 2002; 58(3):349–53. https://doi.org/10.1212/wnl.58.3.349

PMID: 11839831

23. Giacino JT, Fins JJ, Laureys S, Schiff ND. Disorders of consciousness after acquired brain injury: the

state of the science. Nat Rev Neurol. 2014; 10(2):99–114. https://doi.org/10.1038/nrneurol.2013.279

PMID: 24468878

24. Bruno MA, Vanhaudenhuyse A, Thibaut A, Moonen G, Laureys S. From unresponsive wakefulness to

minimally conscious PLUS and functional locked-in syndromes: Recent advances in our understanding

of disorders of consciousness. Journal of Neurology. 2011; 258(7):1373–84. https://doi.org/10.1007/

s00415-011-6114-x PMID: 21674197

25. Bayne T, Hohwy J, Owen AM. Reforming the taxonomy in disorders of consciousness. Annals of neurol-

ogy. 2017; 82(6):866–72. https://doi.org/10.1002/ana.25088 PMID: 29091304

26. Silva S, De Pasquale F, Vuillaume C, Riu B, Loubinoux I, Geeraerts T, et al. Disruption of posteromedial

large-scale neural communication predicts recovery from coma. Neurology. 2015; 85(23):2036–44.

https://doi.org/10.1212/WNL.0000000000002196 PMID: 26561296

27. Wu X, Zou Q, Hu J, Tang W, Mao Y, Gao L, et al. Intrinsic Functional Connectivity Patterns Predict Con-

sciousness Level and Recovery Outcome in Acquired Brain Injury. The Journal of neuroscience: the

official journal of the Society for Neuroscience. 2015; 35(37):12932–46. https://doi.org/10.1523/

JNEUROSCI.0415-15.2015 PMID: 26377477; PubMed Central PMCID: PMC4571611.

28. Siegel JS, Ramsey LE, Snyder AZ, Metcalf NV, Chacko RV, Weinberger K, et al. Disruptions of network

connectivity predict impairment in multiple behavioral domains after stroke. Proceedings of the National

Academy of Sciences. 2016; 113(30):E4367. https://doi.org/10.1073/pnas.1521083113 PMID:

27402738

29. Giacino JT, Katz DI, Schiff ND, Whyte J, Ashman EJ, Ashwal S, et al. Practice Guideline Update Rec-

ommendations Summary: Disorders of Consciousness: Report of the Guideline Development, Dissemi-

nation, and Implementation Subcommittee of the American Academy of Neurology; the American

Congress of Rehabilitation Medicine; and the National Institute on Disability, Independent Living, and

Rehabilitation Research. Archives of physical medicine and rehabilitation. 2018; 99(9). https://doi.org/

10.1016/j.apmr.2018.07.001 PMID: 30098791

30. Hammond F, Giacino J, Nakase-Richardson R, Sherer M, Zafonte RD, Whyte J, et al. Disorders of Con-

sciousness due to Traumatic Brain Injury: Functional Status Ten Years Post-Injury. J Neurotrauma.

2018. Epub 2018/09/19. https://doi.org/10.1089/neu.2018.5954 PMID: 30226400.

31. Giacino JT, Whyte J, Nakase-Richardson R, Katz DI, Arciniegas DB, Blum S, et al. Minimum Compe-

tency Recommendations for Programs That Provide Rehabilitation Services for Persons With Disorders

of Consciousness: A Position Statement of the American Congress of Rehabilitation Medicine and the

PLOS ONE Fluctuation is the norm

PLOS ONE | https://doi.org/10.1371/journal.pone.0267194 April 21, 2022 18 / 21

https://doi.org/10.1016/S1474-4422%2816%2900111-3
https://doi.org/10.1016/S1474-4422%2816%2900111-3
http://www.ncbi.nlm.nih.gov/pubmed/27131917
https://doi.org/10.1097/NEN.0b013e3182945bf6
http://www.ncbi.nlm.nih.gov/pubmed/23656993
https://doi.org/10.1212/WNL.0000000000003404
https://doi.org/10.1212/WNL.0000000000003404
http://www.ncbi.nlm.nih.gov/pubmed/27815400
https://doi.org/10.1016/j.neuron.2006.08.012
http://www.ncbi.nlm.nih.gov/pubmed/16950152
https://doi.org/10.1016/j.tins.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19954851
https://doi.org/10.1038/nature06041
https://doi.org/10.1038/nature06041
http://www.ncbi.nlm.nih.gov/pubmed/17671503
https://doi.org/10.1093/brain/awf131
http://www.ncbi.nlm.nih.gov/pubmed/12023311
https://doi.org/10.1016/j.jns.2015.06.044
http://www.ncbi.nlm.nih.gov/pubmed/26165776
https://doi.org/10.1212/wnl.58.3.349
http://www.ncbi.nlm.nih.gov/pubmed/11839831
https://doi.org/10.1038/nrneurol.2013.279
http://www.ncbi.nlm.nih.gov/pubmed/24468878
https://doi.org/10.1007/s00415-011-6114-x
https://doi.org/10.1007/s00415-011-6114-x
http://www.ncbi.nlm.nih.gov/pubmed/21674197
https://doi.org/10.1002/ana.25088
http://www.ncbi.nlm.nih.gov/pubmed/29091304
https://doi.org/10.1212/WNL.0000000000002196
http://www.ncbi.nlm.nih.gov/pubmed/26561296
https://doi.org/10.1523/JNEUROSCI.0415-15.2015
https://doi.org/10.1523/JNEUROSCI.0415-15.2015
http://www.ncbi.nlm.nih.gov/pubmed/26377477
https://doi.org/10.1073/pnas.1521083113
http://www.ncbi.nlm.nih.gov/pubmed/27402738
https://doi.org/10.1016/j.apmr.2018.07.001
https://doi.org/10.1016/j.apmr.2018.07.001
http://www.ncbi.nlm.nih.gov/pubmed/30098791
https://doi.org/10.1089/neu.2018.5954
http://www.ncbi.nlm.nih.gov/pubmed/30226400
https://doi.org/10.1371/journal.pone.0267194


National Institute on Disability, Independent Living and Rehabilitation Research Traumatic Brain Injury

Model Systems. Archives of physical medicine and rehabilitation. 2020; 101(6):1072–89. https://doi.

org/10.1016/j.apmr.2020.01.013 PMID: 32087109

32. Johnson LSM, Lazaridis C. The Sources of Uncertainty in Disorders of Consciousness. AJOB Neurosci-

ence. 2018; 9(2):76–82. https://doi.org/10.1080/21507740.2018.1459933

33. Maynard DW, Turowetz J. Doing diagnosis: Autism, interaction order, and the use of narrative in clinical

talk. Social Psychology Quarterly. 2017; 80(3):254–75.

34. Rodrigue C, Riopelle R, Bernat JL, Racine E. How contextual and relational aspects shape the perspec-

tive of healthcare providers on decision making for patients with disorders of consciousness: A qualita-

tive interview study. Narrative inquiry in bioethics. 2013; 3(3):261–73. https://doi.org/10.1353/nib.2013.

0059 PMID: 24407134

35. Bruner J. Acts of meaning. Cambridge, MA, US: Harvard University Press; 1990.

36. Creswell JW. Qualitative inquiry and research design: choosing among five approaches Thousand

Oaks, CA: SAGE Publications; 2013. - 448 p.

37. Mattingly C, Fleming MH. Clinical reasoning: forms of inquiry in a therapeutic practice: Philadelphia: F.

A. Davis; 1994.

38. Papadimitriou C. The "I" of the Beholder: Phenomenological Seeing in Disability Research. Sport, Eth-

ics and Philosophy. 2008; 2:216–33.

39. Papadimitriou C, Stone DA. Addressing existential disruption in traumatic spinal cord injury: a new

approach to human temporality in inpatient rehabilitation. Disability and rehabilitation. 2011; 33(21–

22):2121–33. Epub 2011/10/01. https://doi.org/10.3109/09638288.2011.555597 PMID: 21955055.

40. Ajjawi R, Higgs J. Using Hermeneutic Phenomenology to Investigate How Experienced Practitioners

Learn to Communicate Clinical Reasoning. The Qualitative Report. 2007; 12(4):612–38. https://doi.org/

10.46743/2160-3715/2007.1616.

41. Mattingly C, Lutkehaus NC, Throop CJ. Bruner’s Search for Meaning: A Conversation between Psy-

chology and Anthropology. Ethos. 2008; 36(1):1–28. Epub 2008/03/01. https://doi.org/10.1111/j.1548-

1352.2008.00001.x PMID: 20706551; PubMed Central PMCID: PMC2919784.

42. Papadimitriou C, Magasi S, Frank G. Current thinking in qualitative research: Evidence-based practice,

moral philosophies, and political struggle. OTJR: occupation, participation and health. 2012; 32

(1_suppl):S2–S5.

43. Narrative Matters: Writing to Change the Health Care System. Bylander J, editor. Baltimore MD: Johns

Hopkins University Press; 2020.

44. Van Maanen J. Tales of the Field: On Writing Ethnography. Second ed. Chicago IL: University of Chi-

cago Press; 2011.

45. Starks H, Trinidad SB. Choose your method: A comparison of phenomenology, discourse analysis, and

grounded theory. Qualitative Health Research. 2007; 17(10):1372–80. https://doi.org/10.1177/

1049732307307031 PMID: 18000076.

46. Csordas TJ, Dole C, Tran A, Strickland M, Storck MG. Ways of asking, ways of telling. Culture, Medi-

cine, and Psychiatry. 2010; 34(1):29–55. https://doi.org/10.1007/s11013-009-9160-4 PMID: 20016935

47. Geertz C. The interpretation of cultures: Basic Books; 1973.

48. Glaser BG. The Constant Comparative Method of Qualitative Analysis*. Social Problems. 1965; 12

(4):436–45. https://doi.org/10.2307/798843

49. Yin RK. Case Study Research and Applications: Design and Methods. Sixth edition ed: Sage Publica-

tions; 2017.

50. Denzin NK, Lincoln YS. The Qualitative Inquiry Reader. Thousand Oaks, California2002. Available

from: https://methods.sagepub.com/book/the-qualitative-inquiry-reader.

51. American Speech-Language-Hearing Association. A Demographic Snapshot of SLPs. The ASHA

Leader. 2019; 24(7):32.

52. Smiley RAL P.; Bienemy C.; Berg J.; Shireman E.; Reneau K.A.; Alexander M. The 2017 national nurs-

ing workforce survey. Journal of Nursing Regulation. 2018; 9(3):S1–S88.

53. American Occupational Therapy Association (AOTA). 2019 Workforce and Salary Survey. Bethesda,

MD: AOTA Press, 2020.

54. American Physical Therapy Association. APTA Physical Therapy Workforce Analysis. 2020.

55. Weaver J, Papadimitriou C, Kot T, Guernon A, Ford P, Elgin E, et al. No One Listens to Me: Working

with Caregivers to Listen to Their Caring Experiences. Archives of physical medicine and rehabilitation.

2019; 100(10):e102–e3. https://doi.org/10.1016/j.apmr.2019.08.296

PLOS ONE Fluctuation is the norm

PLOS ONE | https://doi.org/10.1371/journal.pone.0267194 April 21, 2022 19 / 21

https://doi.org/10.1016/j.apmr.2020.01.013
https://doi.org/10.1016/j.apmr.2020.01.013
http://www.ncbi.nlm.nih.gov/pubmed/32087109
https://doi.org/10.1080/21507740.2018.1459933
https://doi.org/10.1353/nib.2013.0059
https://doi.org/10.1353/nib.2013.0059
http://www.ncbi.nlm.nih.gov/pubmed/24407134
https://doi.org/10.3109/09638288.2011.555597
http://www.ncbi.nlm.nih.gov/pubmed/21955055
https://doi.org/10.46743/2160-3715/2007.1616
https://doi.org/10.46743/2160-3715/2007.1616
https://doi.org/10.1111/j.1548-1352.2008.00001.x
https://doi.org/10.1111/j.1548-1352.2008.00001.x
http://www.ncbi.nlm.nih.gov/pubmed/20706551
https://doi.org/10.1177/1049732307307031
https://doi.org/10.1177/1049732307307031
http://www.ncbi.nlm.nih.gov/pubmed/18000076
https://doi.org/10.1007/s11013-009-9160-4
http://www.ncbi.nlm.nih.gov/pubmed/20016935
https://doi.org/10.2307/798843
https://methods.sagepub.com/book/the-qualitative-inquiry-reader
https://doi.org/10.1016/j.apmr.2019.08.296
https://doi.org/10.1371/journal.pone.0267194


56. Blain-Moraes S, Racine E, Mashour GA. Consciousness and Personhood in Medical Care. Frontiers in

Human Neuroscience. 2018; 12(306). https://doi.org/10.3389/fnhum.2018.00306 PMID: 30116185

57. Giacino JT, Katz DI, Schiff ND, Whyte J, Ashman EJ, Ashwal S, et al. Comprehensive Systematic

Review Update Summary: Disorders of Consciousness: Report of the Guideline Development, Dissem-

ination, and Implementation Subcommittee of the American Academy of Neurology; the American Con-

gress of Rehabilitation Medicine; and the National Institute on Disability, Independent Living, and

Rehabilitation Research. Archives of physical medicine and rehabilitation. 2018; 99(9):1710–9. https://

doi.org/10.1016/j.apmr.2018.07.002 PMID: 30098792

58. Giacino JT, Kalmar K, Whyte J. The JFK Coma Recovery Scale-Revised: Measurement characteristics

and diagnostic utility. Archives of physical medicine and rehabilitation. 2004; 85(12):2020–9. https://doi.

org/10.1016/j.apmr.2004.02.033 PMID: 15605342

59. Rappaport M. The Disability Rating and Coma/Near-Coma scales in evaluating severe head injury.

Neuropsychological rehabilitation. 2005; 15(3–4):442–53. https://doi.org/10.1080/09602010443000335

PMID: 16350985

60. Rappaport M. The Coma/Near Coma Scale. 2000 [cited 2017 June 20]. Available from: http://www.

tbims.org/combi/cnc.

61. Giacino J, & Whyte J. The Vegetative and Minimally Conscious States Current Knowledge and Remain-

ing Questions. J Head Trauma Rehabil. 2005; 20(1):30–50. https://doi.org/10.1097/00001199-

200501000-00005 PMID: 15668569

62. Giacino JT. The vegetative and minimally conscious states: Consensus-based criteria for establishing

diagnosis and prognosis. NeuroRehabilitation. 2004; 19(4):293–8. 2005-00979-005. PMID: 15671583

Partial author list: First Author & Affiliation: Giacino, Joseph T.

63. Fleming A. Vegetative States: Is anybody in there? Science Focus. 2020 January 30, 2020.

64. American Congress of Rehabilitation Medicine BI-ISIGDoCTF, Seel RT, Sherer M, Whyte J, Katz DI,

Giacino JT, et al. Assessment scales for disorders of consciousness: evidence-based recommenda-

tions for clinical practice and research. Archives of physical medicine and rehabilitation. 2010; 91

(12):1795–813. https://doi.org/10.1016/j.apmr.2010.07.218 PMID: 21112421.

65. Katz DI, Polyak M, Coughlan D, Nichols M, Roche A. Natural history of recovery from brain injury after

prolonged disorders of consciousness: outcome of patients admitted to inpatient rehabilitation with 1–4

year follow-up. Progress in brain research. 2009; 177:73–88. Epub 2009/10/13. https://doi.org/10.1016/

S0079-6123(09)17707-5 PMID: 19818896.

66. Mol A. The body multiple: Ontology in medical practice: Duke University Press; 2002.

67. Mol A, Moser I, Pols J. Care: putting practice into theory. In: Annemarie Mol IM, Jeannette Pols, editor.

Care in practice On tinkering in clinics, homes and farms2010. p. 7–27.

68. Gibson B. Rehabilitation: A post-critical approach. First ed. Boca Raton FL: CRC Press; 2016.

69. Gibson BE, Terry G, Setchell J, Bright FA, Cummins C, Kayes NM. The micro-politics of caring: tinker-

ing with person-centered rehabilitation. Disability and rehabilitation. 2019:1–10. https://doi.org/10.1080/

09638288.2019.1587793 PMID: 30978119

70. Beck CE, Gonzales F Jr., Sells CH, Jones C, Reer T, Wasilewski S, et al. The effects of animal-assisted

therapy on wounded warriors in an occupational therapy life skills program.(Report). US Army Medical

Department Journal. 2012:38. PMID: 22388679

71. Sackett DL, Rosenberg WMC, Gray JAM, Haynes RB, Richardson WS. Evidence based medicine:

what it is and what it isn&#039;t. BMJ. 1996;312(7023):71. https://doi.org/10.1136/bmj.312.7023.71

PMID: 8555924

72. Greenhalgh T, Howick J, Maskrey N. Evidence based medicine: a movement in crisis? BMJ: British

Medical Journal. 2014; 348:g3725. https://doi.org/10.1136/bmj.g3725 PMID: 24927763

73. Yelden K, Samanta J, Sargent S. Understanding decision making environment for people in minimally

conscious state. Neurorehabilitation and neural repair. 2018; 32(4–5):478–9. https://doi.org/10.1080/

09602011.2017.1310657 PMID: 28399792

74. Berg K, Askim T, Rise MB. What do speech-language pathologists describe as most important when

trying to achieve client participation during aphasia rehabilitation? A qualitative focus group interview

study. International Journal of Speech-Language Pathology: Optimising recovery for people with apha-

sia and their families. 2019; 21(5):493–503. https://doi.org/10.1080/17549507.2017.1413134 PMID:

29252012

75. Peterson A, Kostick KM, O’Brien KA, Blumenthal-Barby J. Seeing minds in patients with disorders of

consciousness. Brain injury. 2019: 1. https://doi.org/10.1080/02699052.2019.1706000 PMID:

31880960

76. Fricker M. Epistemic injustice: Power and the ethics of knowing. Oxford, UK: Oxford University Press;

2007.

PLOS ONE Fluctuation is the norm

PLOS ONE | https://doi.org/10.1371/journal.pone.0267194 April 21, 2022 20 / 21

https://doi.org/10.3389/fnhum.2018.00306
http://www.ncbi.nlm.nih.gov/pubmed/30116185
https://doi.org/10.1016/j.apmr.2018.07.002
https://doi.org/10.1016/j.apmr.2018.07.002
http://www.ncbi.nlm.nih.gov/pubmed/30098792
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1016/j.apmr.2004.02.033
http://www.ncbi.nlm.nih.gov/pubmed/15605342
https://doi.org/10.1080/09602010443000335
http://www.ncbi.nlm.nih.gov/pubmed/16350985
http://www.tbims.org/combi/cnc
http://www.tbims.org/combi/cnc
https://doi.org/10.1097/00001199-200501000-00005
https://doi.org/10.1097/00001199-200501000-00005
http://www.ncbi.nlm.nih.gov/pubmed/15668569
http://www.ncbi.nlm.nih.gov/pubmed/15671583
https://doi.org/10.1016/j.apmr.2010.07.218
http://www.ncbi.nlm.nih.gov/pubmed/21112421
https://doi.org/10.1016/S0079-6123%2809%2917707-5
https://doi.org/10.1016/S0079-6123%2809%2917707-5
http://www.ncbi.nlm.nih.gov/pubmed/19818896
https://doi.org/10.1080/09638288.2019.1587793
https://doi.org/10.1080/09638288.2019.1587793
http://www.ncbi.nlm.nih.gov/pubmed/30978119
http://www.ncbi.nlm.nih.gov/pubmed/22388679
https://doi.org/10.1136/bmj.312.7023.71
http://www.ncbi.nlm.nih.gov/pubmed/8555924
https://doi.org/10.1136/bmj.g3725
http://www.ncbi.nlm.nih.gov/pubmed/24927763
https://doi.org/10.1080/09602011.2017.1310657
https://doi.org/10.1080/09602011.2017.1310657
http://www.ncbi.nlm.nih.gov/pubmed/28399792
https://doi.org/10.1080/17549507.2017.1413134
http://www.ncbi.nlm.nih.gov/pubmed/29252012
https://doi.org/10.1080/02699052.2019.1706000
http://www.ncbi.nlm.nih.gov/pubmed/31880960
https://doi.org/10.1371/journal.pone.0267194


77. Doyle S, Bennett S, Gustafsson L. Clinical decision making when addressing upper limb post-stroke

sensory impairments. British Journal of Occupational Therapy. 2013; 76(6):254–63. https://doi.org/10.

4276/030802213X13706169932789 104080694. Language: English. Entry Date: 20140217. Revision

Date: PMID: 20150820. Publication Type: Journal Article.

78. Edmondson R, Pearce J, Woerner MH. Wisdom in clinical reasoning and medical practice.(Report).

Theoretical Medicine and Bioethics: Philosophy of Medical Research and Practice. 2009; 30(3):231.

https://doi.org/10.1007/s11017-009-9108-2 PMID: 19551491

79. Winance M. Care and disability: Practices of experimenting, tinkering with, and arranging people and

technical aids. In: Annemarie Mol IM, Pols Jeannette, editor. Care in practice On tinkering in clinics,

homes and farms2010.

80. Cruse D, Chennu S, Chatelle C, Bekinschtein TA, FernandezEspejo D, Pickard JD, et al. Bedside

detection of awareness in the vegetative state: A cohort study. The Lancet. 2011; 378(9809):2088–94.

https://doi.org/10.1016/S0140-6736(11)61224-5 PMID: 22078855

81. Cruse D, Chennu S, Chatelle C, Fernandez-Espejo D, Bekinschtein TA, Pickard JD, et al. Relationship

between etiology and covert cognition in the minimally conscious state. Neurology. 2012; 78(11):816–

22. Epub 2012/03/02. https://doi.org/10.1212/WNL.0b013e318249f764 PMID: 22377810; PubMed

Central PMCID: PMC3304945.

82. Cruse D, Chennu S, FernandezEspejo D, Payne WL, Young GB, Owen AM. Detecting Awareness in

the Vegetative State: Electroencephalographic Evidence for Attempted Movements to Command.

PLoS ONE. 2012; 7(11) (pagination):Arte Number: e49933. ate of Pubaton: 21 No 2012. https://doi.org/

10.1371/journal.pone.0049933 PMID: 23185489

83. Leder D. Clinical interpretation: the hermeneutics of medicine. Theoretical medicine. 1990; 11(1):9–24.

https://doi.org/10.1007/BF00489234 PMID: 2339336

84. Higgs J. Clinical reasoning in the health professions: Edinburgh; New York: Elsevier/Butterworth Heine-

mann, 2008. 3rd ed.; 2008.

85. Holdar U, Wallin L, Heiwe S. Why do we do as we do? Factors influencing clinical reasoning and deci-

sion-making among physiotherapists in an acute setting. Physiotherapy Research International. 2013;

18(4):220–9. https://doi.org/10.1002/pri.1551 PMID: 23637022

86. Mattingly C. In search of the good: Narrative reasoning in clinical practice. Medical anthropology quar-

terly. 1998; 12(3):273–97. https://doi.org/10.1525/maq.1998.12.3.273 PMID: 9746895

87. Ahlsen B, Mengshoel AM, Bondevik H, Engebretsen E. Physiotherapists as detectives: investigating

clues and plots in the clinical encounter. Medical humanities. 2018; 44(1):40–5. https://doi.org/10.1136/

medhum-2017-011229 PMID: 28912383

88. Overbeek BUH, Eilander HJ, Lavrijsen JCM, Koopmans R. Are visual functions diagnostic signs of the

minimally conscious state? an integrative review. Journal of neurology. 2018; 265(9):1957–75. https://

doi.org/10.1007/s00415-018-8788-9 PMID: 29492651

89. Cassell E. The Nature and Psychology of Suffering. In: Haas LJ, editor. Handbook of Primary Care Psy-

chology. New York, NY: Oxford University Press; 2004.

90. Montgomery K. How Doctors Think: Clinical Judgment and the Practice of Medicine: Oxford University

Press; 2006.

91. Hammell KW. Perspectives on Disability & Rehabilitation: Contesting Assumptions, Challenging Prac-

tice: Churchill Livingstone; 2006.

92. Mattingly C. The Paradox of Hope Journeys through a Clinical Borderland. 1 ed: University of California

Press; 2010.

PLOS ONE Fluctuation is the norm

PLOS ONE | https://doi.org/10.1371/journal.pone.0267194 April 21, 2022 21 / 21

https://doi.org/10.4276/030802213X13706169932789
https://doi.org/10.4276/030802213X13706169932789
http://www.ncbi.nlm.nih.gov/pubmed/20150820
https://doi.org/10.1007/s11017-009-9108-2
http://www.ncbi.nlm.nih.gov/pubmed/19551491
https://doi.org/10.1016/S0140-6736%2811%2961224-5
http://www.ncbi.nlm.nih.gov/pubmed/22078855
https://doi.org/10.1212/WNL.0b013e318249f764
http://www.ncbi.nlm.nih.gov/pubmed/22377810
https://doi.org/10.1371/journal.pone.0049933
https://doi.org/10.1371/journal.pone.0049933
http://www.ncbi.nlm.nih.gov/pubmed/23185489
https://doi.org/10.1007/BF00489234
http://www.ncbi.nlm.nih.gov/pubmed/2339336
https://doi.org/10.1002/pri.1551
http://www.ncbi.nlm.nih.gov/pubmed/23637022
https://doi.org/10.1525/maq.1998.12.3.273
http://www.ncbi.nlm.nih.gov/pubmed/9746895
https://doi.org/10.1136/medhum-2017-011229
https://doi.org/10.1136/medhum-2017-011229
http://www.ncbi.nlm.nih.gov/pubmed/28912383
https://doi.org/10.1007/s00415-018-8788-9
https://doi.org/10.1007/s00415-018-8788-9
http://www.ncbi.nlm.nih.gov/pubmed/29492651
https://doi.org/10.1371/journal.pone.0267194

