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Professional Perception and Expert Action: Scaffolding
Embodied Practices in Professional Education

Amaya Becvar Weddle and James D. Hollan
University of California, San Diego

From vocational education to neurosurgery residencies, apprenticeship training is characteristic of
how people are acculturated to a profession. One of the primary goals of professional education isto
develop skillful performance. Expert skill includes an integrated set of perceptua and motor abilities.
During practical teaching, instructors deploy a set of discursive practices that nurture skilled perfor-
mance in trainees. These practices scaffold particular patterns of movement, patterns that students
can assimilate and subsequently use to guide or govern tool-based actions. We conducted in-depth
ethnographic research in a dental hygiene program to gain a deeper understanding of the hands-on
training environment: the activities in which participants engage, the circumstances they typically
encounter, and the tools and technologies they rely upon in accomplishing their work. The primary
data are video recordings of naturally occurring instructional interactions, chosen to be representa-
tive of broad classes of interactions observed. This article documents three practices used to entrain
students with professional perception and scaffold expert action: guidance, demonstration and mod-
eling, and embodied conceptual metaphor.

INTRODUCTION

The eye was devel oped to act. Perception, when it sworking, isan action; it' s not a passive experience.
To experience the world, we must act on it; we must be active. (Cohen, 1998, p. 296)

Thisinvestigation focuses on training in an activity rich and cognitively complex setting—the
clinical instructional laboratory of a dental hygiene program. In instructional settings where
practical training takes place, the body plays an important communicative role in teaching. As
instructors use “modeling,” “demonstration,” and “guidance,” they must coordinate multiple
representational streams: auditory, visual, kinesthetic, and artifactually mediated. Studying
training-in-progress reveals how novices are taught to see their professiona lifeworld and
move and act within it. Novices become competent practitioners via what has been termed
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“embodied apprenticeships’ asthey develop the perspective, perception, and physical skills of
experts. Therefore, studying how the body participates in such training processes is vital to
understanding an important aspect of human activity. Indeed, such practical and collaborative
settings may be more foundational and characteristic of human activity for studying complex
multimodal interaction than the purely symbolic realms of conversation or narrative
monologue.

Human activity and interaction are accomplished through a variety of modalities—spo-
ken, visual, and kinesthetic. Often, what is considered to be the primary mode of communi-
cation—speech—is inseparably reliant upon the material environment and the bodily
conduct of participants for sense making. Understanding utterances requires coordinating
these multimodal streams. Gestures often co-occur with speech, and conversational turns
are coordinated with other communicative activities of participants. People, while engaged
in conversation, point, refer to, and invoke objects in gesture; they use tools, artifacts, and
technologies to communicate; and rely upon the immediate shared environment to assist
with sense making. Touch and other bodily movements are al so significant forms of interac-
tion, heavily structured by cultural influences and expectations. Surprisingly, although so
clearly a part of our human communicative experience, until recently, tactile contact, move-
ment, and positioning of bodies were rarely alluded to or examined in accounts of human
communication and interaction.

In recent years, afertile vein of research has begun to explore how the body and material
environment feature in human cognition, action, and interaction. These studies suggest that
cognition is a process that occurs when the body engages the physical, cultural world, and
thus should be studied in terms of the dynamical interactions between and among people and
the physical and cultural environment. The theory of distributed cognition posits that cogni-
tive processes are partly constituted by physical and bodily movements and manipulations of
objects in naturalistic environments and that a complete understanding of human cognition
should include investigations into how the body and the world participate in cognitive pro-
cesses (Hutchins, 1995). Thisis not to say that the brain does not play an integral role in cog-
nition, but rather it explicitly encompasses not only cognitive phenomena that might take
place in the head but also representations and phenomena that take place in the world,
between and among people in asocia system.

In this article, we report data that challenge commonly held notions of motor learning. By
examining teaching and learning processes involved in practical training, we describe the
ways in which knowledge is embodied through participation in socially and culturaly pre-
scribed systems of meaning and how such participation serves to systematize sensory experi-
ence and orchestrate ways of acting. This investigation considers bodily, material, and social
resources to be relevant playersin the process of learning and cognition. Our analysisis based
on video of discourse segments in which instructors and students train together on instrumen-
tation. The goal is to explicate the embodied, discursive practices involved in hands-on train-
ing and explore how the deployment of discursive practicesin clinical instruction can scaffold
and facilitate the developmental of expertise. In this analysis, we rely on the theoretical
framework specified by distributed cognition theory because we are seeking to understand
developmental learning processes that occur in interaction with an object-rich, culturally con-
stituted environment.
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DISCURSIVE PRACTICES FOR SHAPING PROFESSIONAL PERCEPTION:
CODING AND HIGHLIGHTING

From very early onin their training, dental hygiene students are instructed, in authentic physical
spaces using the same tools they will encounter in professional practice. They sit at real dental
chairs equipped with real appliances (e.g., suction, polishers, lamps). They must comply with
federal and state guidelines for sterility by wearing gloves and masks and covering exposed
surfaces with disposable barriers. In fact, the only simulated item in the environment is the
mouth model students practice upon in early training, until skills are refined enough to be
deemed safefor live patients. Training in legitimate material spacesisahallmark of professional
education, and certainly differs from pedagogical formats in higher education, where often what
is done/practiced in alecture hall differs quite significantly from what goes on in a professional
workplace. Working in an authentic physical space, with the authentic instruments, may influ-
ence the learning process in important ways.

Denta hygiene is a licensed vocation, and practice has been standardized and formalized.
Hygienists perform an established set of duties and use a customary set of denta instruments.
Although material things often embody instructions, or have affordances, for how they are to be
used or regarded, it is only very superficialy that one may actually “read” affordancesin a dental
instrument (e.g., generaly where to grip and where the “business end” of an instrument is located).
Effective use, both biomechanically and ergonomically, must be explicitly taught as part of the
training of a new professional. Dental instruments are designed for specific uses, and learning to
properly employ them necessitates formal instruction. For example, students are instructed to rec-
ognize key spatia relationships, engage fine motor movements, and listen and feel for auditory or
tactile feedback indicating an instrument is being used properly. Thistraining is essentia to enter
the profession and gain licensure. The training process, among other things, involves learning ter-
minology, concepts, and a specific set of motor patterns to engage instruments.

Dental hygienetraining is a situated, locally organized practice in which knowledgeis congtituted
through a variety of socia processes. Learning to perceive relevant phenomenais a critical aspect of
training as a dental hygienist. Traditiona accounts of how we perceive describe it as a passive pro-
cess in which information in the world enters specific senses and is processed by the brain, which
then produces appropriate action sequences. However, early work by ecological psychologists
emphasized more active views of perception (Gibson, 1979). Recently work in embodied cognition
has reemphasized that perception happens as the entire human body moves through the world and
engages in action, and therefore should be billed as an active, not passive, process. Perception can be
defined as “the ability to derive meaning from sensory experience in order to guide adaptive behav-
ior” (Gibbs, 2006, p. 81). In this view, perception is seen as not innate but rather a skilled activity.
Therefore, we should expect to see cultural learning processes at play in shaping perception.

This view of perception as a skilled activity resonates with work on how novices are trained
to perceive like expertsin a professional domain. The multifaceted complexity of a professional
domain can be transformed into the phenomenal categories of a profession using a set of impor-
tant discursive practices. In his seminal article on professional vision (Goodwin, 1994), coding
is defined as “a systematic practice used to transform the world into the categories and events
that are relevant to the work of the profession” (p. 608). A professional undoubtedly engagesin
active cognitive perceptual work, but the parameters and categories of that work have been
pre-established by a perceptua system organized by learning cultural practices. For example, to
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begin to explicate how to use a periodontal instrument, experts must calibrate with novices what
it isthey are talking about. Cultural practice has produced a variety of terminology, referring to
patient and operator anatomy, instrument components, and diagnostic features. Furthermore,
executing a core set of fine motor skillsis an essential part of dental hygiene practice. Likewise,
the profession engages a coding scheme for the manual execution of instrumentation skills.
These coding terms are used for explicitly describing complex configurations, spatia relation-
ships, and movements.! Coding features, objects, and movements at once classifies these
phenomena while calling them into awareness. The following are a set of coding schemes and
some example terms applying to phenomena within dental hygiene practice.

Anatomical Terms and Diagnostic Features

For instance, teeth are numbered from 1 to 32 (e.g., Tooth 19 asindicated in Figure 1). The sur-
faces of teeth can be divided into several surfaces, such as the facial and lingual surfaces (the
lingual surface faces the tongue). Deposits on teeth are referred to as calculus.

Instruments and Components

Each instrument is named according to its use and shape, for example, sickle scaler, explorer,

universal curette. The parts of instruments are referred to by specific terms, for example, work-
ing end, terminal shank.

FIGURE 1 Lower teeth, numbered 17-32.

Ynterestingly, according to interviews with field site members, the terms detailing the execution of instrumentation
skillsare typically used during practical training only, and not in the professional practice of dental hygieneitself (i.e., in
adental office), as many of the instrumentation skills have been assimilated.
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Motions

Instructors refer to various motions involved in instrumentation with specific terms, for exam-
ple, fulcrum, handle roll, pivot, lateral pressure.

Highlighting is a class of cognitive practices that consist of “methods used to divide a
domain of scrutiny into afigure and a ground, so that events relevant to the activity stand out”
(Goodwin, 1994, p. 610). Highlighting, athough based on a visual analogy, presumably
applies to other perceptual domains as well. Experts often use gesture and speech within a
complex spatial scene to highlight relevant phenomena in professions where making visual
distinctionsis crucia (e.g., archaeology, criminal justice). But in many domains other percep-
tual modalities are involved in making judgments. For instance, practitioners may utilize dif-
ferent sorts of discursive practices to delineate relevant kinesthetic phenomena. This is
especially relevant in dental hygiene, where instrumentation movements are explicitly spelled
out, and recognizing effective instrumentation practice involves auditory, kinesthetic, and tac-
tile feedback.

PROFESSIONAL PERCEPTION AND EXPERT ACTION

As mentioned earlier, in cognitive science perceptual processes have traditionally been
regarded as distinct from action processes. However, recent work indicates that perception
and action are, in fact, inseparable—perception is not solely located in brain activity but must
always be situated in terms of more complex dynamic couplings involving the entire body in
action. Perception is not something that happens to individuals; it is something that they do
(Noe & O’'Reagan, 2001). We must be trained where to focus our eyes, where to direct our
gaze, and how to interpret sensory information. For example, with training, radiologists
develop refined abilities to distinguish subtle patterns of tumors in images that show no
pattern to the untrained eye (Sowden, Davies, & Roling, 2000). In addition, dental hygienists
learn to explore the surface of teeth using handheld dental instruments, which yield reliable
information about deposits on the surface. Very little can be perceived unless an instrument is
in motion, in specific ways. That skilled movement generates haptic and auditory information,
perceptual feedback that a trained practitioner can use to infer topology of the tooth surface.
By taking an embodied approach to perception and action, we understand that the physical
properties of the world are not entities to be perceived statically but are instead opportunities
for action.

Another key relationship between perception and action in expertise involves the ability to
self-assess one's own actions while performing them (Schon, 1983). Schon referred to this
ability as reflection-in-action. In the educational literature, “reflection” istraditionally consid-
ered to be aretrospective, analytical process, a conscious reexamination of one’s past actions;
however, expert practitioners are often able to think about and assess what they are doing
while they are doing it. It is this process of reflection-in-action that enables experts to grace-
fully deal with situations that are novel, uncertain, or unique. Engaging in reflection-in-action
can be considered as a developed skill of experts, and achieving it is likely a crucial step in
progressing towards expertise. Moreover, experts must be able to simultaneously engage in an
action and maintain an awareness of the efficacy of that action. Maintaining that reflective
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stance involves developing alevel of awareness of effective practice—a professional percep-
tion to guide action in a domain and self-assessment skills to determine the efficacy of that
action.

Just how important is perceptual awareness? In a longitudinal study of surgeons-in-training,
from medical school through residency, researchers looked at which factors are most predictive
of surgical achievements during their careers (Schueneman & Pickleman, 1993). Interestingly, it
was discovered that, contrary to popular belief, manual dexterity is not a major factor distin-
guishing adept surgical performance. Rather, results indicated that the most successful surgeons
can rapidly organize a perceptual field, distinguishing essential from nonessentia detail, partic-
ularly when the signa to noise ratio is low. The authors emphasize that though manual dexterity
and verbal abilities are important to surgeons in performing activities, the distinguishing features
of the superior practitioner are

his/her ability to “see” the relevant anatomy of the operative site, even when this might not be imme-
diately visible; to quickly identify important “landmarks’ in the incision; and to mentally organize
multisensory data and actions at any given point of the procedure. (p. 189)

The authors interpretation of this result is that “pure motor ability is not the critical factor in
surgical proficiency . . . rather, relatively innate, nonverbal, perceptually based cognition about
complex spatial information appear to play a more central role in the operating room” (p. 189).
Thisimplies that the body, material, and social world have little to do with a surgeon’ s devel oped
visual perception. But “seeing” as a surgeon seesis a socia process involving the integration of
conceptual, social, and perceptua information. Through training and acculturation as a surgeon,
novices learn how to project conceptual structure into/onto the world. Perhaps, instead, it isasur-
geon’ s ability to acquire professionally structured perceptual skills, and integrate these with man-
ual action, that accounts for the data. If thisis the case, understanding the relationship between
socially structured perceptual training and expert skill development is of crucial importance.

METHODS
Field Site

This research was conducted in a dental hygiene training program. The program provides basic
education and clinical experience to prepare graduates for licensure as dental hygienists. The
students come from predominantly underrepresented, low-income communities and have
varying levels of computer literacy. New students in the program take an introductory coursein
instrumentation skills in which they learn how to use the basic set of periodontal instruments.
This course formed the central focus of the ethnographic research. Training is donein aclinical
laboratory with 18 practice workstations. Each student is assigned a workstation, equipped with
dental chair, overhead lamp, floating tray, polisher, and so on. As beginners, the students do not
yet work with human patients but instead practice on mouth models.

A dental hygiene school isaspecid kind of learning ecology. It isaprofessona education program,
which meansthat much of what islearned isjob related, practical, and specific to the profession. On the
other hand, some of the educationa component is conceptua and is taught in formd settings—that is,
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classrooms and lecture-style settings. However, workplace and professional specifications define the
knowledge, skills, and performance students must accomplish to demonstrate proficiency in their pro-
fessond role. Asdentd hygieneis an ingtitutionalized profession, sudents must pass formal licensing
exams a both the state and nationa level. Thus, individual training programs maintain standards of
what they teach, so that graduates are well prepared to pass licensing examinations.

Participants

Eighteen students, all in their first semester of the program, and four clinical instructors volun-
tarily participated in the ethnographic study. Because we wished to understand the events and
activities in the dental hygiene school, we felt it was important to develop an understanding of
the technical medical terminology, learn how it is deployed, and obtain an embodied sense of
the manual skills developed during training. To thisend, AB attended the 8-hour weekly clinical
training course, attended a 2-hour weekly introductory lecture course with the other first-year
students, and took the weekly quizzes. We also thought it was important to become familiar with
the tools and technol ogies used by participants. Though AB did not enroll in the clinical training
portion of the program, she was periodically able to get hands-on experience with the dental
instruments that the students use in order to experience how it feels to use them. We have drawn
on AB’s experience to provide background explanations for some of the terminology and tacit
cultural understandings of the data. We rely on her extensive experience in the field to make var-
ious claims during interpretation of the data.

Video Data

We recorded digital video to capture moments of instruction in the training clinic. Because many
details of human activity and social organization, in coordination with the materia world, are tacit
and subtle, it can be challenging to capture and scrutinize using only field notes. Yet it is precisely
such fine-grained details of human action that are so telling about the nature of human interaction
in naturally occurring settings. Using digita video, it is possible to capture segments of interaction
and subject them to repeated inspection using slow motion and frame-by-frame viewing.

When deciding where to place the video camera so that the most relevant activities could be
captured, AB relied upon a background understanding of the domain obtained in fieldwork prior
to recording. Her placement of the recording equipment was directed by specific concerns; most
notably, she typically positioned the camerain order to capture as much of the face and bodies of
participants as possible. However, as oftentimes the focus of action was on very miniscule details,
she often used the zoom feature on the camera in order to capture small-scale movements of
hands, fingers, and instruments. When deciding when to zoom or pan the camera she relied upon
her intuitive understanding of human interaction, often responding to subtle verbal cues. For
instance, an instructor might say to a student, “Move the instrument handle like this,” and AB
would then zoom the frame to focus on the instrument handle, which may not be easy to see at the
more zoomed-out distance. AB aso relied upon her knowledge of the domain gleaned through
fieldwork to make these decisions. For instance, knowing what objects or areas of a participation
framework were of relevance in the stream of discourse might involve knowing domain specific
terminology. This being said, the video records that AB obtained were, of course, an incomplete
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representation. The recordings were taken from a discrete perspective, and as the videographer,
AB made split-second decisions about what to include and what not to include. Undoubtedly,
zooming the lens caused her to miss other details of interaction that occurred off screen, such as
facial expressions, eye movements, or other bodily action. Perhaps a more complete setup might
have included multiple cameras—overhead, close-up, and panoramic—in order to more ade-
quately capture the scene (though having more video dataiis not always desirable when analysis of
each track is extensive. One must negotiate a complex matrix of trade-offs when deciding what,
and how much information to gather on a scene as well as the impact of recording equipment.).

Furthermore, both during field observation and video recording, AB made every attempt to be
sensitive to her part within, and influence on the scene, recording these observations in accompa-
nying field notes. It may be that her presence affected what was said in a scene, or how it was
said. There were times when she was asked not to record video, such as during one session on
instrument sharpening, when an instructor did not want to be “on record” as teaching sharpening
inaparticular way. Our interpretation isthat rather than indicate that the instructor was distrustful
of AB as a researcher, it indicated that the instructor had an incomplete model of what the
research was about, what we would be doing with the video records, and who would eventually
gain access to them (a standard Human Subjects confidentiality agreement was in place). In this
case, it seemed as though the instructor viewed AB as being in a position to offer critical com-
mentary on her teaching or report an assessment to someone in power, neither of which were
actually the case, or part of the identity AB had hoped to shape for herself within the domain.

Recorded segments of video included students practicing solo, in partners or small groups,
with instructors during training and practical examinations, and in larger group demonstrations.
To further explore how embodied interaction and discourse is utilized in the training of profes-
sional students, we decided to focus on segments where an instructor worked one-on-one with a
novice. These segments were examined, transcribed, and analyzed for discursive practices. In
this article, we report analyses of several small video segments, chosen because they reveal
important ways the body is used to guide and represent skills and concepts in hands-on profes-
sional training. These segments are representative of classes of discursive practices seen frequently
in the field research.

Transcribing the Data

To analyze the video recordings, we scrutinized particular components, or streams, of multimo-
dal interaction. One mechanism used to begin to unpack the fine-grained details of interaction
was an orthography for the transcription of talk. We employed a modified transcriptional
orthography from conversation analysis that is similar to that developed by Charles Goodwin
(1994). The transcript provided an additional resource through which to begin to become more
familiar with details of the participants' conduct.

Though there exists no formal orthography used for the transcription of visual and tactile con-
duct, over the years researchers have developed ad hoc solutions to locating and characterizing
action. In this study, we have found it particularly useful to rely upon the conventions of comic
strips as a convenient way of representing multimodal data obtained from digital video (Figure 2).

Starting from a video segment, awritten transcript of the dialog is created, including relevant
action. This helpsto begin to select key frames that are representative of the action one wishesto
document. For instance, if coding a segment where a person lifts their hand and waves, one
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SR nods SR looks down; SL follows gaze

FIGURE 2 (@) Frames from video. (b) Comic strip versions of frames
with dialog bubbles.

might choose key frames before, during gestural onset, and when the speaker’s arm comes to
rest. Of course, this selection process is subject to interpretation, and introduces a level of unre-
liability into the data. However, to a certain degree, any transcript production involves creating
redescriptions of human activity, whether they be conversation analysis speech transcripts, tex-
tual descriptions of gestural or embodied displays, or passages of Labanotation. Of importance
for us here was that the line drawings in the transcripts emerged from the same “ pixels’ present
in the digital video.

After selecting key frames, they are converted into digital images in Quicktime, which are
imported to Adobe Photoshop (see Figure 2a for an example). In Photoshop, the images are pro-
cessed into line drawings. Primarily, two different filters in Photoshop are used to accomplish this,
“Find Edges’ and “Photocopy.” Find Edges runs an algorithm that estimates object boundaries.
Photocopy renders everything black and white and creates bold outlines. Again, deciding what
was extraneous and what was relevant to a scene involves interpretation. These decisions in
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respect to the data reported here were conscious choices based upon how AB wished to frame
the analysis and her extensive background in the field obtained from 2 years of fieldwork. Digital
images from a single video segment are often batch processed once the initial conditions are
established. Individual images are saved as jpegs. The comic strip layout was built in Microsoft
PowerPoint. After importing the jpeg images, bounding boxes, dialog bubbles, and action narra-
tives below the frames are added (see Figure 2b for an example).

RESULTS

As discussed earlier, in domains where experts must perform sophisticated motor skills, percep-
tion has an important role in action. Training a novice involves teaching them how to not only
perceive relevant phenomena but also perform relevant actions. Using examples from video seg-
ments of real-world training in dental hygiene instrumentation, we document a set of discursive
practices found in our training setting.

Guidance: Molding and Directing

In literature on motor learning, guidance is defined as * a series of techniquesin which the behavior
of thelearner islimited or controlled by various meansto prevent errors’ (Schmidt & Lee, 1998, p.
419). A prototypica example of guidance would be an instructor teaching a student how to swing
agolf club by wrapping his arms and hands around the student’ s and enacting astroke. Rather than
focus on error prevention, as Schmidt emphasized, we focus on how guidance techniques are used
as discursive strategies to endow a novice with the perception of legitimate action. This resonates
more closely with Goodwin’s (1994) notion of professional vision: As he claimed, “ different pro-
fessions—medicine, law, the police, specific sciences such as archaeology—have the power to
legitimately see, congtitute and articulate alternative kinds of events’ (p. 626).

Two ways that professionals can engage guidance strategies in the practical training of nov-
ices are through molding and directing. Molding refersto a practice in which ateacher physically
manipulates the body of a novice into institutionally established configurations and movement
patterns. The term molding derives from literature on sign language instruction in blind and
autistic children, and also nonhuman primates. Directing refers to the act of talking a learner
through a new procedure, using speech and/or gesture.

Guidance: Examples

In the example? shown in Figure 3, an instructor uses guidance to help a student to perceive
what a scaling stroke looks, sounds, and feels like. Stephanie, the student, sits at a dental chair,

2A word on the participants: Ingrid isa clinical instructor with more than 20 years of teaching experience as well as
formal training in professional education instruction. Stephanie is a first-year student who, at the time of videotaping,
had been a student in the program for about one month. During the class session when this segment was filmed, the stu-
dents were practicing scaling strokes for calculus removal. In general, during clinical instruction, instructors spend a
period of time working individually with each student on correct positioning and activation of dental instruments, which
is what is happening here. Note, however, that although Stephanie is the primary subject of the instructor’s attention,
other students stand in the periphery looking on (as well as AB, behind the video camera).
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BE MORE DELIBERATE FEEL HOW WE PAUSE,
WITH EACH STROKE, ] | RELAX, STABILIZE,ROLL?

S
0:00 \
Instructor's LH rests on student’s RH, Guides student through 4 strokes. Continues guiding student
RH grips instrument. through 2 strokes.

FIGURE 3 Example of guidance.

and Ingrid, her instructor, sits across from her, looking on and offering assessment. Stephanie
holds a scaling instrument over her mouth model and engages scaling strokes. Ingrid lightly
grasps the protruding part of handle in her right hand and lays her left hand over the top of
Stephani€’ s right. Together, Ingrid and Stephanie slowly perform severa scaling strokes, while
Ingrid issues the directive, “Be more deliberate with each stroke.”

Note how in order to guide Stephanie’ s stroke, Ingrid orients and organi zes the materia envi-
ronment so that it structurally complements Stephani€’ s body—similar to how one’s nondomi-
nant hand often structures space so that the dominant hand can operate upon it. Ingrid’s pulling
action on the end of the instrument helps move the instrument up the tooth as they engage a
stroke together. The forefinger of Ingrid’s left hand physically prevents Stephanie from flexing
her fingers during a stroke, and the other fingersrest lightly on the top side of Stephanie’s hand,
guiding her to use her wrist and forearm to generate the force of a stroke. Her guidance illus-
trates to Stephanie what appropriate scaling looks, feels, and sounds like—in essence, providing
her with a set of practical “training wheels.”

In this segment, molding, directing, and coding practices interact in important ways. Note
how Ingrid uses molding to shape Stephani€’s hands into scaling configuration and motion
while directing her to recognize key kinesthetic features of the movement, as she says, “Feel
how we pause, relax, stabilize, roll” (here she is referring to coded segments that compose a
scaling stroke). She uses the plural pronoun “we” to refer to the action, which could be in refer-
ence to their collaborative stroke production, or in regards to the more esoteric “we” of the pro-
fession of dental hygienists. In either case, Ingrid uses coding terms to delineate relevant
kinesthetic phenomena. Ingrid instantiates appropriate scaling strokes in interaction while con-
comitantly presenting linguistic terminology for each referent motor component. Ingrid directs
Stephani€’ s perception of appropriate scaing behavior, explicitly issuing the command, “Fed . . .,”
to her student. In the process Stephanie herself experiences what conventional scaling strokes
“feel” like while being socialized as a dental hygienist through Ingrid’s use of coded profes-
sional language. Speech synchronously references the actions that are collaboratively executed
in amolding performance.

A few seconds later, as shown in Figure 4, Ingrid reaches over and cups her thumb and
forefinger around the handle of the instrument, highlighting it, while declaring, “And, looks like
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AND, LOOKS LIKE YOUR

| ANGULATION'S A LITTLE THAT WAS 600D
CLOSED SOMEWHAT- MOVEMENT.

Making strokes Cups RH around Lightly grasps S's Adjusts handle position,
S's instrument hand with LH sits forward in chair

FIGURE 4 Example of angulation.

your angulation’s® allittle closed somewhat.” During the utterance, she pushes Stephanie’s hand
with her left hand, physically adjusting the handle of Stephanie's instrument. In order to use
what an instructor says to pursue the task, the student relies upon a tacit knowledge of what the
focus of attention should be on when the coded term angulation is used, and how a subtle adjust-
ment to the handle of the instrument can cause predictable changes in the angle that the blade of
the instrument makes with the tooth. Furthermore, by describing the angulation as “closed,”
Ingrid assigns Stephanie’s behavior to an error category. At the same time, Ingrid molds
Stephani€e’' s instrument and hand, which communicates an appropriate, albeit unspoken, correc-
tion. The instructor’s visual assessment and correction, offered while Stephanie is engaged in
action, serves to expand the student’s understanding of the spatial relationship that must be
maintained between instrument and tooth. Ingrid hones Stephani€’ s perceptual abilitiesto judge
angulation in future work while teaching her a strategy for correction should she perceive her
angulation is offset.

There are many rich layers of interaction at play in this sequence, as delineated in Figure 5.
First, at the level of the structure of physical environment, (a) the mouth model and (b) the tool
bring to bear a set of constraints to movement. This substrate is explicitly configured to mimic a
likeness encountered in the professional world of dental hygiene and is alifelike backdrop upon
which tool-based activity can occur. Second, at the level of tool-based action of the body, (c)
Stephanie's hand on the tool and (d) Ingrid’s hand on the Stephanie’s hand; these layers of
embodied interaction reveal rich possibilities for ongoing feedback and restructuring as the
hands touch and conform to each other. Second, at the level of conceptual structure, (€) the cate-
gorizations in co-occurring language, we see the phenomenol ogical work that coded terms do to
constrain movements into professional actions.

It is interesting to consider how guidance activities might play arole in the development of
reflection-in-action. Approximately one minute later (Figure 6), Stephanie self-corrects the
angle of the instrument blade while in interaction with Ingrid. As she scales alone, she reaches
over with her left hand and adjusts the instrument handle (held by her right hand) so that it is
positioned in amore vertical alignment.

3Here she refers to the angle that the blade of the instrument makes with the surface of the tooth.
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conceptual_E ¢ = _
SHictIre categories in co-occurring language

bodily — instructor’s hand (on student’s)

structure | | student’s hand on tool

environmental [ tool

structure ~ |

mouth model

FIGURE 5 Layersof interaction.

I DONT KNOW IF I HAVE
IT TOO CLOSED NOW.

Instrument in RH, sca/lng LH reaches over and
lower teeth on model adjusts instrument handle

FIGURE 6 Example of self-correction.

Stephanie mirrors Ingrid’'s correction and adjustment of the instrument handle, which
occurred earlier in Figure 4. Notice that Stephanie shifts her instrument by grasping the handle
in her left hand pulling it more vertical, just like her instructor did, instead of subtly shifting the
handle with her working hand, which is more characteristic of what an expert might do. Notably,
what Stephanie isdoing hereis publicly displaying her ability to perceive, evaluate, and perform
a correction. Her utterance, “I don’'t know if | have it too close now,” is a rhetorical offer for
feedback (to which Ingrid does not respond). Whileindicating her developing ability to perceive
and self-correct, it also acknowledges her position as subordinate to the instructor, who isin a
position to evaluate the student’ s success.

The next segment (Figure 7) occurs approximately a half-minute later. It starts with
Stephanie scaling alone as Ingrid looks on. Soon Ingrid reaches over and takes Stephani€e’s
wrist and instrument into her hands, offering the suggestion that she wants to “see some more
action here.”
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SO I STILL WANNA SEE OH, I FEEL IT. HOW THE
| SOME MORE ACTION HERE
P b /ﬁ ﬁ\

s LH wraps around S's forearm RH pulls instrument while LH guides S's
RH pinches S's instrument arm and hand through stroke motion

IT'S LIKE ONE OF THOSE
LIL' WIPER THINGS

Raises LH in a flat position, paralle! to
the floor, fliping up and down.

FIGURE 7 Example of synchrony serving indexically to tie gesture and
speech.

She verbally pauses for a full second, synchronizing her utterance “action” with the
power stroke, which might serve to emphasizes this term. McNeill (1992) noted that speak-
ers often synchronize spontaneous gestures with speech in meaningful ways. Understanding
what Ingrid is communicating about necessitates integrating both her utterance and her
action with Stephanie’s hands. The synchrony of these two displays serves to index gesture
to speech.

But Ingrid’s manipulation of Stephani€’s hands is not technically a gesture; it acts on the
world. It simultaneously represents something: a quality of movement. When is an act a
gesture, and when is it an action? When bodies are engaged in the world, delineating gesture
and action is not as clear-cut as experimentalists would have us believe. A person can gesture
with a pencil over a page, but as soon as they place it on the page and make a mark, is that
movement categorically different? Perhaps our conception of what constitutes a “ gesture” is
limited because so often spontaneous gestures are studied experimentally, and often such
experiments are limited to storytelling activities. It is clear that there is still much to be
learned on the representative role of the body in the complex, messy world of human action
and interaction.
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Molding and Directing

Directing and molding often act in synchrony. As a novice begins to develop perceptual judg-
ment, and such skills become codified into the discourse of the profession, an expert can begin
to call upon those actions in directions. Moreover, an action previously done viamolding can be
codified as a direction. We see this happening in Figure 8. Here, a dyad of students work on
learning the skills involved in using the Shepard’s hook explorer, a detection instrument. One
student, Emily, has taken on the Expert role and sits across from the other student, Natalie, who
is acting as a Novice. Natalie sits at a mouth model and holds the Shepard’s hook, using it to
practice exploring with her mouth model.

Emily begins by saying to Natalie, “Ninety-degree, ninety-degree, ninety-degree. That needs
to be at a ninety-degree angle, you don’t have it at ninety degrees.” Here Emily is referring to
the angle that the tip of the instrument is making with the surface of the tooth that is being
explored. In this utterance, Emily uses the imperative mode as she directs and corrects Natalie's
action. Natalie offers a challenge in reply: “Isn’t it?" as she moves the handle slightly. After
adjusting it a degree more, Emily says, “That’s ninety degrees.” This interchange is doing an
important thing: serving to calibrate Natalie's perception of what ninety degrees looks like with
Emily’s. The two students undergo a negotiation, which results in Natalie’ s modifying not only
her perception of ninety degrees but also her action with the instrument.

In Figure 9, Natalie explores another region of the mouth, Emily uses both molding and
directing to guide Natali€' s instrument. Emily says, “Ninety-degree angle when you go over to
the side, when you go over to the side ninety-degree,” while reaching over to grasp the handle of
the instrument and shifting it slightly. Here we see a simultaneous coupling of verbal direction
and molding of the instrument handle in action engaged in the world. Emily’s utterance draws
attention to the spatial relationship that the tip of the instrument is making with the tooth. Natalie
molds Emily’s hand/instrument into a configuration with respect to the mouth model that is
more in alignment with professional practice. Acting as the operator, Natalie is able to maintain
physical connection with the authentic tools of her professiona lifeworld while concurrently
hearing Emily’ s use of the coded professional terms as they are instantiated in practice.

THAT NEEDS TO BE AT )

90 DEGREE, 90 DEGREE, A 90 DEGREE ANGLE,
90 DEGREE... YOU DON'T HAVE {THAT'S 90 DEGREES‘I

IT AT 90 DEGREES. .

Adjusts handle of explorer

FIGURE 8 Example of negotiation to calibrate perception of ninety
degrees.
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90 DEGREE ANGLE WHEN
YOU 6O OVER TO THE SIDE

S———
AND YOU WANNA USE
THAT TIP, USE THAT POINT.

WHEN YOU 60 OVER TO
THE SIDE 90 DEGREE-

E'’s reaches over to adjust N's instrument handle

FIGURE 9 Example of simultaneous coupling of verbal direction and
molding.

During guidance, an instructor engages in the practice of shaping a novice's perceptions.
Molding and directing to scaffold the perceptual development of novices by emphasizing certain
features and movements so that some are made salient, whereas others fade into the background.
Such training practices constitute an important part of maintaining the professional craft.
Though the perceptual features and associated terms are particular to the profession, the cogni-
tive strategies utilized are characteristic of professional activity in general. These practices can
organize the perceptual field and prime the motor system of a novice:

Through touch, two persons can become a new ensemble; two bodies when connected by two arms
and hands are a new entity. These hands sense at the same time as they direct. Both the touched and
the toucher feel what they sense through connecting hands. The touched person becomes aware of
what the touching person feels and alters his configuration to conform to what he senses is wanted.
(Feldenkrais, 1981, p. 11)

Talk that coexists with hands-on interaction in the material world interleaves symbolic action
with instrumental action, as hands and bodies seamlessly move between gesture, guidance, and
manipulation of tools. By examining hands-on interactions within a setting of practice and
instruction, we see the processes of guidance and gesture as two sides of the same coin. Engaged
in bodily displays, hands can simultaneously organize socia interaction and shape perceptua
and motor devel opment. Hands can manipulate physical objects and referentially anchor experi-
ences. They can move and wrap around the hands of novices, moving them in appropriate ways.
They can simultaneously direct and monitor, demonstrate, and assess.

Demonstration and Modeling

In the dental hygiene clinic, instructors use avariety of embodied representationsto facilitate the
development of their students' professional competence. We have discussed how instructors use
guidance techniques to give students firsthand experience with instrumentation. Another strategy
often used by instructors is demonstration—constructing gesture-based models of actions situ-
ated in discourse.
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During the time AB observed instruction in the clinic, she frequently saw instructors using pan-
tomime gestures while demonstrating features of instrumentation skills to students. A pantomime
gestureisagesture invoking an invisible, imaginary tool. From the instructor’ s lifetime experience
of handling dental instruments, they can abstract a spatio-dynamic pattern of movement and enact
it in gesture. Instructors reference experiential knowledge of the world and produce a contextually
relevant representation upon which additional information may be layered through speech. How-
ever, categorizing the instructor’s action as simply a pantomime gesture does not do justice to its
complexity. We cannot extract the gesture from the context of its production to analyze it; rather, a
complete analysis requires simultaneous attention to the co-occurring speech, the complex material
ecology in which the gesture is located, and the hand of the actor moving in a shared perceptual
field (Goodwin, 2007). Viathe process of demonstration, a student is not merely being taught iso-
lated definitions in gesture, rather she is being taught a mode of practice. The cognitive activities
engaged here are situated, distributed, and interactively organized.

From a very early age, we learn new ways of using our bodies by watching the behavior of
others and enacting similar movement patterns. Learning new motor skills by observing and
reproducing that behavior is atype of social learning called imitation. Recent research in neuro-
science has suggested that the motor system may be involved even when we observe actions of
others (Craighero, Fadiga, Umilta, & Rizzolatti, 1996). These results indicate that a combination
of perceptual and motor processes may be involved in how we understand, imitate, and learn
motor skills of all kinds, from walking to microsurgery. Imitation relies on the ability to recog-
nize others' actions and transform the observed patterns into motor activity. Presumably, imita-
tion processes are involved when learning from the demonstrations of experts, though language,
tool use, and other complex social factors also play an integral role.

However, empirical evidence on the learning benefits of demonstrations is mixed. Several
controlled experiments on the acquisition of motor skills from demonstration show varied
results. Nevertheless, these experiments do not discuss the social role that demonstrations play
in the training of novicesin naturalistic contexts. Demonstrations are built through the “interplay
between a coding scheme and the domain of scrutiny to which it is being applied” (Goodwin,
1994, p. 21), obviously heavily interrelated with social processes. In that sense, as instantiations
of ingtitutionally relevant phenomena, demonstrations can reveal the underlying structure of a
coding scheme, disclosing how actions and perceptions are interconnected and lead to socialy
legitimate activities.

Demonstration: Examples

In the segment shown in Figure 10, occurring a moment after the segment in Figure 4 (previous
section), Ingrid uses demonstration strategies in an assessment of Stephanie’s work and to
instantiate kinetic principles of stroke production. As the segment begins, Stephanie holds a
scaling instrument over the mouth model and engages scaling strokes. As Stephanie practices,
Ingrid reminds her to “work off her fulcrum”—the ring finger of her right hand, which serves as
the anchor point that the scaling stroke pivots upon. Ingrid raises her hands as she tells Stephanie
“to me, it looks like you' re pushing with your thumb. . . .” Holding up the gesture at eye level,
she commands visua attention, and Stephanie looks up from her work. Ingrid models her right
hand as though she were grasping a dental instrument, and moves her thumb upward, as she says
“pushing with your thumb” (see Figure 11).
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LIKE YOU'RE PUSHING
WORK OFF YOUR FULCRUM, OFF YOUR THUMB
TO ME IT LOOKS LIKE TO TRY TO MAKE IT
| MOVE UP THE TOOTH.

Instrument in RH, scaling
lower teeth on model

Slides thumb vertically

IT'S THIS ACTION
OFF YOUR FULCRUM

RH pinched in a pantomime

of grasping instrument, rocks against LH

FIGURE 10 Example of demonstration strategies to instantiate kinetic
principles of stroke production.

FIGURE 11 Close-up of Ingrid’s hands from Figure 10 as she says,
“pushing with your thumb”. Image is avideo still overlay.
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FIGURE 12 Close-up of Ingrid’s hands from Figure 10 as she says,
“It'sthisaction”. Imageisavideo still overlay.

Then, Ingrid offers a correction: “It’s this action off your fulcrum that’s making you move,”
synchronizing the downward gestural strokes® with “action,” “fulcrum,” and “move” (Figure 12).
Thetiming of gestural strokes within the sequence of talk index the particular movementsto these
speech terms.

To make sense of demonstrations, novices must be able to interpret subtle aspects of the
representation. In thisinstance, the student hasto “ see” the instructor’ sleft hand as an iconic repre-
sentation of an oral cavity and then, on the basis of locally produced knowledge, recognize that her
right hand is configured in a certain way because it holds an imaginary dental instrument. The
instructor evokes a complex of action, position, and instrument by simply lifting her hands posi-
tioned in a recognizable shape. Also, it isinteresting to note how the instructor constructs gestural
demonstrations so as to preserve the relationship between her hand and the student’ s hand. In fact,
the instructor in this instance is naturally left-handed, whereas the student is right-handed. The
instructor performs the demonstration as though she holds an instrument in her right hand, model-
ing what the student does (though it would not be how she herself would practice). Does this
matter? Motor learning literature indicates that the perspective of demonstrations is important:
motor facilitation while observing hand actions was found to be selective for instances when the
perspective of ademonstration matched the perspective of the performer. This selectivity has been
indicated by both performance outcomes and measures of cortico-spinal activity.

Demonstrations can indicate both what a student should do and should not do in a hypothetical
future event. While providing a particular quality of representational content, gesturesinterrelate

“The stroke of agesture is defined to be the point of heightened activity in a gesture phrase, and it is thought to carry
theimagistic content of the gesture (McNeill, 1992). In multimodal discourse, the timing of the gestural stroke within an
utterance carries important semantic content. When performed in synchrony, gesture and speech should be analyzed as
inextricably interdependent systems.
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and depend on accompanying speech to provide essential grammatical content. For example,
professional architects often gesture over models to indicate what could be, as they engagein a
sort of collaborative imagining of hypothetical future events (Murphy, 2005). Similarly, in
research on pilots’ communication in airline cockpits, it is noted that gestures by themselves are
aways in the present tense, and it is co-gesture speech that applies grammatical markings to the
utterance. In the case of the demonstrations seen in Figure 13, occurring in time immediately
following Figure 10, the instructor’s gestural demonstrations pertain to what the student is
doing: exhibiting proper use, observed mistakes, and exaggerated actions (such as when the
instructor bobs her entire torso as she demonstrates “not to actually make it move up the tooth”).
Although the gesture represents possible configurations and motions of the thumb, it is the
speech that carries negation or affirmation of demonstrated actions.

Through demonstration-in-interaction, instructors enact professional knowledge and train
novices to recognize appropriate action. Interestingly, instructors were frequently observed using

JUST, I-IT'S
THERE TO PUT
LATERAL
PRESSURE ON,

o >
A PUSH LATERAL,

q RIGHT?

Instructor pinches Slides thumb vertically
fingers of RH
BUT IT'SNOT TO
ACTUALLY TO MAKE IT
MOVE UP THE TOOTH.

, AND ALSO
TO HOLD

L\

Fingers of RH pinche Slides thumb vertically,

in a pantomime rocks torso slightly
of grasping instrument,

-

FIGURE 13 Example of gestural demonstration. Note that it isthe
speech that carries negotiation or affirmation of demonstrated actions.
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guidance techniques to indicate correct motion, whereas they commonly evoked both correct
and incorrect motions in demonstrations.

Embodied Conceptual Metaphors for Scaffolding Action

Research in cognitive science indicates that we formulate abstract conceptual knowledge in con-
crete terms, using reasoning strategies based in the sensory-motor system. For example, when
talking and reasoning about time, we almost exclusively use spatial metaphors. Our most basic
reasoning processes are based on simple patterns of understanding called image schemas
(Lakoff & Johnson, 1987). Image schemas emerge as meaningful structures at the level of
bodily movements through space, our manipulations of objects, and our perceptual interactions.
Whenever a schema is instantiated in a number of different experiences or images, the same
parts and relations recur. In general, image schemas fall into three categories. schemas that
structure our experience of topology, schemas that structure our experience of orientation, and
schemas that structure our understanding of force and dynamics.

A key notion in this theory is that these kinds of bodily based schematic structures also are
used in human abstract thinking by the means of metaphorical projection from the world of
bodily experience into abstract domains. The mechanism through which abstract thought is con-
ceptualized in terms of the concrete is called conceptual metaphor. Conceptual metaphors are
composed of unidirectional mappings from entities in one conceptual domain to corresponding
entities in another conceptual domain. Research and theory in cognitive linguistics has shown
that abstract concepts are typically understood, via metaphor, in terms of more concrete concepts.
These metaphorical mappings are systematic and not arbitrary. A conceptual metaphor is an
inference-preserving cross domain mapping.

Because conceptual metaphors preserve inferential structure, such metaphors alow us to
ground our understanding of scientific and technical concepts in our prior understanding of
everyday physical activities. Image or embodiment schemas can play an important role in
grounding metaphors. When projected via conceptual metaphor, image schemas from the source
domain can provide inferential structurein the target. Linking metaphors are used to conceptual -
ize one technical domain in terms of another. Linking metaphors yield sophisticated, abstract
ideas, and require explicit instruction and training.

There is a notion that advanced heavily theoretical concepts do not rely upon perceptual
notions, only highly abstract, pure ideas. With increasing expertise scientific conceptualization
incorporates deeper abstract properties as opposed to perceptual properties. In earlier work, we
looked at the behavior of scientists engaged with technical material in an attempt to better
understand how they conceive abstract notions of chemical concepts, like molecules. Regardliess
of what sort of representation existsin scientists' brains, it is clear that when experts communi-
cate with each other, they rely heavily on a variety of perceptually based representational strate-
gies. For example, some of these include metaphorical language, perceptually based linguistic
schemas (e.g., image schemas), explicit analogies, and gestures, not to mention graphs, charts,
diagrams, maps, and so on. The proposition that abstract knowledge can be constituted from
perceptual bases is a powerful way of accounting for these strategies.

More recent contemporary work in cognitive science continues to support the proposition
that perceptual and conceptual systems are interconnected in important ways. Many now believe
that both concrete and abstract concepts exist as embodied, dynamic, and situated, in a matrix
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that integrates thinking, being, doing, and interacting within the world (Varela & Thompson,
2001). Concepts are viewed as flexible, multimodal, and productive, and they give rise to
explicit inferences when applied to objects and experiences in the world. Rather than seeing
knowledge and cognition as separate from the body, a more useful characterization is cross-
modal transfer—a cognitive process in which patterns of order from one experiential domain
(e.g., recurring dynamic patterns of motor or perceptual experience) act as organizationa tem-
plates for another domain and in which “much of conceptual inference is, in fact, sensorimotor
reference” (Lakoff & Johnson, 1987, p. 20). The human capacity to use experience from one
domain to make sense of another is an extremely robust cognitive resource. Various educational
studies show that students' embodied reasoning processes, obtained from a lifetime of experi-
ence in a body moving through the world, play an important role in how they learn scientific
(Roth & Lawless, 2001) and mathematical concepts (di Sessa, 1993).

Embodied Conceptual Metaphor: Examples

In Figure 14, Stephanie offers a provisional summary of her understanding of scaling on a more
general level. This segment follows the instruction she has received from Ingrid shown in the pre-
vious examples. Stephanie first expresses her understanding of scaling in an embodied display, as
she says, “I-it'slike that kindafeeling,” during which time she rocks her instrument, hand and arm
exaggeratedly over the mouth model. Stephani€’s gestural display comes before a verbal descrip-
tion of the motion. Thisis similar to results noted by educational researchers looking at students
use of gesture during science and math learning, respectively (Goldin-Meadow, Alibali, & Church,
1993): that students often show evidence of conceptua learning in gesture before acquiring the
ability to verbalize concepts using formal terminology. In these educational domains, gestures take
on an important scaffolding function. In this case, Stephanie follows her gestural description—
cued by Ingrid (“Yes, it's like alever”)—with a verbal analogy from her own lived experience—
that the movement is “like a seesaw.” Interestingly, “seesaw” is a description grounded more in
everyday experiences than the more abstract mechanical term, “lever.”

Stephanie sgesture and verba andogy issocidly relevant—apublic display, done before an ingtruc-
tor (and other students). In making this display public, she demonstrates her understanding, and tecitly
requests confirmation from her ingtructor. It isimportant to see the analogy, and exploration of its entall-
ments, as cognition jointly achieved viathe embodied interaction between Ingrid and Stephanie. Also, it
isinteresting just how embodied thisleve of cdibration is—by viewing the sequencein video, one can
see how the coparticipant’ s bodies move and rhythmically synchronize together.

This example shows the embodied nature of acquiring the concepts behind the biomechanical
principles involved in instrumentation. The motions Stephanie makes with her body seem to
play an important role in her conceptualization. The provided imagery serves as an analogy for
physical approximation of movement. Making the inference of “body-tool ensembleis alever,”
the instructor and student jointly explore the entailments of such an inference. One of them is
that you get more power with alonger lever (whole arm vs. hand only). Does Stephanie need
to know conceptually how a lever works to make an expert scaling stroke? In order to know,
“A longer lever can produce more mechanical force near its fulcrum than a shorter one”
requires Stephanie to have formal training in mechanical physics. However, by using embodied,
experiential knowledge of the world, and cross-modal transfer, she (and Ingrid) infers that using
the whole arm like a seesaw makes the stroke more powerful than if one just uses fingers to
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50 WORKING
OFF THAT FULCRUM,
MAKE THE FULCRUM

I-IT'SLIKE THAT EXCEPT YOU ARE

DO THE WORK IC[NDA FEELING i STILL ROCKING -- ;
FOR YOU. y Z S % /
£}
X \SXY RIGHT.
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T'M STILL THERE | e
S ON THE FINGER,
Instructor pinches Student lifts elbow Points with L index
fingers of RH and forearm up and down Finger at RH
YEAH, THERE 7 AN’ YOU GET
YOU GO, YEAH, = MORE POWER,
LIKE A SEE-SAW. & FROM A LEVER..

-

e P2

T

Student lifts forearm, rocking Instructor moves RH in
off fulcrum. Instructor moves pantomime of scaling
LH back and forth

FIGURE 14 Example of gestural demonstration followed by a verbal
analogy grounded in everyday experience.

scale. Here, by drawing from her lived experience of the world, the student devel oped a power-
ful conceptual tool. Moreover, this conceptual knowledge can even be used to reason in unfamil-
iar situations—knowing that she needs to use her whole arm and hand as a unit during scaling
versus her fingers may help her make decisions about positioning herself for scaling with instru-
ments and in areas she is not familiar.

In becoming skilled in a profession, students co-opt the postures and gestures of a teacher,
making them their own, enacting them in their anatomy. In this sequence, notice how Stephanie’s
gestures and bodily movement, such as the rocking of the torso and arm, rhythmically echo
Ingrid's, and even synchronize at some points, as they move in an exaggerated pantomime of
scaling. This collaborative attuning of bodies during instruction may play a significant role in
expertise development.

In Figures 15 and 16, we see another reference to embodied conceptualization process. In this
example, an instructor is demonstrating instrumentation technique to a small group of students.
The instructor sits at a mouth model while students ook on. In Figure 15, a student to the left of
the screen inserts her right hand into the frame of the camera, saying, “Y ou’re right here—doing
more of this,” while twisting her wrist to the right two times. Also, note how the student
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YOU'RE RIGHT HERE-
DOING MORE OF THIS 4 f
> !

-
o .

FIGURE 15 Example of reference to embodied conceptualization process.
Note the student interjects her gesture into the that field view of the instructor.

interjects her gesture into the field of view of the instructor by leaning her body forward. In this
way, she draws attention to her bodily display (and the referent of the indexical “this’), and
implicitly asks for the instructor’ s confirmation.

In Figure 16, the instructor replies, “I’m pulling,” while engaging in scaling, and the student
continues to model the movement of her hand with the instructors: movement (even note how
they synchronize, shown in the second frame of Figure 16). Another student, on the right side of
the frame interjects, “ She’ s not doing the doorknob,” making reference to amember’ sterm for a
scaling movement where the operator sightly pronates and supinates the wrist (similar to how
one opens adoorknob). Indeed, thisis the motion that the student on the left is modeling—how-
ever, to negate it, the student on the right must recognize that “the doorknob” motion iswhat the
first is referring to in gesture. The instructor agrees with the student on the right, saying, “No,”
then proceeds to describe her scaling movement as “a pretty subtle motion.”

The student on the left’ s gesture, the student on the right’ s recognition of the gesture, and the
instructor’s demonstration all rely on a cross-domain mapping between the real-world experi-
ence of opening doors by twisting doorknaobs, and the act of scaling. By grounding the motion
required during certain aspects of scaling, the action required (or not required, asin thisexample),
is scaffolded by drawing on a conceptual understanding of motions required during opening
doors with doorknobs. Note how only certain features of the motion are mapped: the pronation/
supination of the wrist and forearm, primarily, whereas other features are not, such as the grip
structure of the hand and fingers.
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Student mirrors
strokes instructor’s stroke motion

Instructor makes scaling

SUBTLE MOTION YOU
6UYS, IT'S NOT REAL

SHE'S NOT DOING
THE DOORKNOB.

\ N EXAGGERATED
Student lifts hand, loosely Instructor makes scaling
models twisting stroke strokes, then shows

exaggerated stroke motion

FIGURE 16 Continued example of reference to embodied conceptual -
ization process. Note how this demonstration exploits a cross-domain
mapping of the everyday embodied experience of twisting doorknobs
to the act of scaling.

Indeed the phrase, “the doorknob,” describing this motion with instruments, has been reified
as a coded members' term, used during the training of novice practitioners. Although we have
no evidence as to whether or not thisis aterm appropriated uniquely by this group of practitio-
ners, or in abroader community of dental hygiene educators, the point is how students’ concep-
tualization of certain aspects of scaling is organized by linking it to an everyday embodied
experience. That this metaphor is to some degree institutionalized by the community shows its
power for conveying a salient aspect of scaling in certain areas of the mouth.



22:28 20 May 2010

Downl oaded By: [Hollan, Janmes D.][University of California, San Diego] At:

144 WEDDLE AND HOLLAN

Sometimes, new members of a profession must be taught through direct instruction—a process
more complex than mere demonstration and imitation (though these are themselves powerful
sources of learning). These instructional practices are a kind of guided conceptualization:
During the practice of guided conceptualization, the available semiotic resources—speech, the
body, and the material environment—are drawn upon to engage the learner in the experience
of constructing relevant meanings during the course of an activity. The conceptualization
processes emerge from the rel ationships between speech, gesture, and environmental structure. In
the “seesaw” example (Figure 14), we saw a student actively construct her own conceptual meta-
phor to help her understand the functional properties of scaling activity, a metaphor that shared
important functional properties, but differed dightly, from the instructor’s. In the “doorknob”
example (Figure 15 and 16) we see something dlightly different, areminder that the ability to con-
ceive relevant actions is not housed in an individual mind but emerges within a community of
competent practitioners. Moreover, asit becomes packaged within alinguistic item, such concep-
tual activity can be easily perpetuated. Indeed, this kind of activity is a fundamental practice of
culture. The construction of community knowledge is a shared process of forming symbols that
“embody experiences that have emerged in situated action” (LeBaron & Streeck, 2000, p. 131).

CONCLUSION

One of the primary goals of practical instruction isto develop skillful performance. As we have
seen, expert skill includes an integrated set of perceptual and motor abilities. During practical
training, instructors deploy a set of discursive practicesthat nurture skilled performancein train-
ees. These practices scaffold particular patterns of movement, patterns that students can assimilate
and subsequently use to guide or govern tool-based actions. This article has investigated three
practices used to entrain students with professional perception and expert action.

One way scaffolding is achieved is by guiding students to notice a set of perceptua cues
indicative of correct (or incorrect) action. For instance, when Ingrid moved Stephani€e’'s instru-
ment and hand so that the handle was more upright (Figure 4), Ingrid positioned the instrument
so that the student’s stroke was more effective. Simultaneously, Ingrid told her that, “it looks
like your angulation’s a little closed somewhat.” By coupling guidance with the use of coded
terminology, Ingrid references a structural configuration, being used in a particular way. This
emphasizes a set of perceptual cues with a specific action, and can be used to shape Stephanie’s
developing skill set. As an embodied practitioner, Stephanie scales competently not only with
her hands but also with her eyes and ears. Developing perceptual skillsand learning to recognize
cues can help guide a student to self-correct - as was the case in Figure 6, when Stephanie
shifted her instrument handle just like Ingrid had done moments earlier.

Another action scaffolding practice is via demonstrations, which are instantiations of institu-
tionally relevant phenomena, presented in a confluence of speech, physical action, and material
space. Demonstrations rely on the imitation system, the ability to recognize others’ actions and
transform the observed patterns into motor activity. Though imitation processes are involved in
learning from the demonstrations of experts, spoken language, tool use, and complex social
factors play integral roles in the training of novices in naturalistic contexts. The practitioners
orientation toward the mouth model, their talk, the physical alignment with the artifacts, and the
general context of the gesture constrain the interpretation of the demonstration. In Figure 14,
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Stephanie relies upon her background knowledge of the domain, such as prior knowledge of the
term “fulcrum,” in order to make sense of the demonstration Ingrid offers. Demonstrations
reveal how actions and perceptions are interrelated, and scaffold a novice' s developing socially
legitimate action.

Scaffolding can aso be achieved through relying on patterns of movement understanding
developed in other domains, such as when Stephanie called upon her knowledge how a seesaw
moves in order to conceptualize periodontal scaling (Figure 14). Drawing upon a lifetime of
experience moving and interacting with the world, students' conceptual knowledge of spatial
and motor patterns can structure how devel oping novices begin to formulate actions in a profes-
sional domain.

Learning is not simply (or perhaps not at all) a process of information transfer in which a stu-
dent passively “receives’ instruction from an expert. Additionally, learning involves developing
coordination schemes with other actors and artifacts in the local ecology. Rather than a process
of information transfer, thisis a process of alignment and simplification. Skilled human action
arises from how an individual selects a subset of behaviors from the unlimited alternatives
within the self-organized constraint space that is defined by the person-to-environment interac-
tions. Perhaps an expert’s self-organized constraint space is more structured than a novice's.
Certainly, an expert scales teeth exhibiting lesswobble (i.e., “ degrees of freedom” in movement)
than a novice does. Perhaps learning might be facilitated by engaging in structured activities,
revealing reliable correlations between motor activities and perceptual input derived from inter-
actions with a specific environment. Indeed, instructors make use of a set of discursive practices
that categorize and constrain a novice's potential movements. Such practices serve to scaffold
the learning process. Note that speech plays an important role in assigning coding terms to
motor patterns and by highlighting perceptual phenomena such as spatial relationships, manners
of moving, auditory or tactile emissions that result during patterns of movement with toolsin the
world.

Itisinteresting to consider how this work dovetails with traditional research on motor learning.
Relevant research has focused on feedback given during the learning situation by an instructor,
and identifies two types: the first, knowledge of results (KR), or information regarding outcome,
and the other, knowledge of process (KP), or information regarding technique (Schmidt & Lee,
1998). Recent research has shown KP to be more valuable than KR in helping alearner indepen-
dently assess his or her own performance. It is hypothesized that KR may result in students
needing too much reliance upon external feedback that hinders a student’ s ability to assess and
correct performance independently. This is termed the “guidance hypothesis’ and refers to the
tendency of students to become dependent upon the feedback from an outside source (Swinnen
& Lee, 1996). Most research had focused on extrinsic feedback, but it appears than intrinsic
feedback can be more important, especially when the student knows the basic skills but is
focused on improving performance. This enhances the student’s ability to correct performance
independently of the instructor.

The concepts of KP and KR relate deeply to the discursive practices discussed here. In each
action-scaffolding practice, particularly guidance situations, the two types of feedback are
tightly coupled. For instance, during guidance, instructors often highlight and codify perceptual
cues that provide both KP and KR. When Ingrid says, “ Feel how we pause, relax, stabilize, roll,”
she is coding aspects of the scaling motion that engender Stephanie with KP. Their physica
instantiation synchronized with the coded terms, transform the tool-based movements against
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the mouth model into objects of knowledge. When disparate events are labeled with the same
coding scheme, equivalent actions can be compared, and repeated. Through training, the student
learns not only what “ correct” movement feels like but also what it is called.

Students are trained to attune to a variety of perceptual cues that give them KR. Instructors
may highlight or codify other auditory and tactile information, such as vibrations felt “through”
the dental instrument that help them assess the efficacy of each stroke against the tooth and root
surface. For example, students and instructors often talk about getting dental instruments to
“make the noise” while scaling—"the noise” referring to a quality of auditory information that
indicates a stroke is effective (KR). The use of the definite article “the” delineates a specific
quality of sound (“the noise” as opposed to “a noise’). The use of the definite article indicates
that the noise is in some way identifiable to both parties, a quality of sound that is distinguish-
able based on shared prior knowledge and experience. In the training situation, practitioners put
a tremendous amount of effort into creating three-dimensional substrates upon which to enact
tool-based movements. In this way, guidance and demonstrations can be “anchored” to arich
workplace world of authentic artifacts and substrates, and realistic, transferable sensations can
be generated during training.

In this article we have drawn upon several representative segments of video datain discuss-
ing a set of discursive practices that are used in the training of novices. How representative are
these segments of the processes involved in learning dental hygiene, or of the general processes
of acquiring professional skills? At what point during the learning process are we likely to see
the various practices employed? It would appear that as a novice grows more and more familiar
with instrumentation practices, the “degrees of freedom” of movement decrease. If we were to
think about the acquisition of the instrumentation skills as moving along a devel opmental trajectory
of sorts, then based on the instructional episodes that we observed and recorded, a general trend
arises (Figure 17). We observed that early in the learning process (both early in the semester,
and early meaning recently after a new kind of instrument is introduced) guidance activities,
especially molding, were especially prevalent. Thiswould make sense—an instructor’ s hand can
constrain degrees of freedom quite effectively until a student begins to develop the motor/per-
ceptual skills necessary to position and activate an instrument. Gradually, as a student begins to
develop an ability to perceive relevant features of instrumentation and the codified terminology,
instructors can rely on demonstrations are used more frequently. A demonstration isn't useful

Guidance Demonstration

/\<//

= developmental tr

ajectory

7

Embodied Representations

FIGURE 17 Use of scaffolding practices during the professional skill
learning trajectory.
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unless a student is able to see and understand what features of the demonstration to attend to.
Embodied conceptual metaphors, drawing upon real-world physical understandings, would
seem to be useful at multiple points along the developmental trgjectory. However, perhaps it
might be necessary for students to grasp a basic level understanding of important features and
dynamics of scaling in order to be capable of applying metaphorical understanding.

One of the most widely cited theories of motor skill development, proposed by Fitts (1964),
posits that motor skill acquisition proceeds through three successive stages: cognitive, associa-
tive, and autonomous. Does this approach fit well with the data collected? We believe that the
magjority of the observed phenomena would fit into the cognitive stage, characterized by “cogni-
tively effortful” learning. Certainly processing multimodal discursive strategies like guidance
and demonstration would be considered cognitively effortful. According to Fitts, during the
associative phase the concern is on perfecting movement patterns. It would appear that action-
scaffolding strategies, like embodied conceptual metaphors and demonstrations, might be useful
at this stage as well. However, it is not clear that drawing a sharp boundary between cognitive
and associative phases is possible, or that it does much good for helping us to understand the
process of expertise development.

Through action-scaffolding discursive practices, learners are attuned to perceptual cues that
indicate both that they are performing instrumentation correctly (such as handle position, €etc.),
and that an action they have made is effective. Such organization demonstrates knowledge of the
profession as “relevant object[s] of knowledge emerge through the interplay between a domain
of scrutiny and a set of discursive practices being deployed within a specific activity” (Goodwin,
1994, p. 609). Indeed, such classification systems are pervasive in modern society, socially
organized as professional knowledge structures.

By working in concert with experienced practitioners on relevant tasks, the body of a novice
istransformed into a“tool of the trade.” Thisisthe essence of the practical training. Competence
asaprofessional is gained through embodied practice, by working with the relevant materials and
enacting skills judged in circumstances evaluated by expert instructors. Practical education
manipulates bodies, as novices are taught, “ Sit this way, move this way; hold your arms, chest,
and shoulders precisely like this.” Though some degree of variance is alowable, the range of
acceptable bodily action is rigorously constrained. This is in part related to the design of the
instruments themselves, which must be held and activated in a certain manner in order to function
effectively. In the case of denta hygiene, another set of imposed constraintsis placed by institu-
tionalized principles of ergonomics—certain bodily configurations lead to repetitive stress
injury, which students are explicitly instructed to avoid. Careful examination of the imagery and
metaphors used during training reveals that very often the boundary between body and tool is
blurred. For instance, Stephanie refersto her arm, hand, and tool as a single unit (and moreover,
sherefersto it in third person): “It’s like a seesaw.”
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