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Perceptual acuity is a central component of a teacher’s ability to structure 

successful learning experiences that lead to students’ accomplishment of proximal goals. 

Yet, to date there has been little research focused on this important aspect of teachers’ 

thinking. We used eye-tracking technology in a series of three studies to measure music 

teachers’ gaze in relation to moment-to-moment attention and instructional outcomes.  

In the first investigation, we recorded an artist level violin teacher and a highly 

skilled graduate violinist each teaching 5-min violin lessons to a student of their own and 

a novel student, and examined the frequency and duration of teachers’ visual fixations in 

relation to momentary instructional goals. Fixation targets and durations for both teachers 

were quite similar when teaching their own students. When teaching novel students, the 

artist teacher’s fixations resembled those in the lesson with the familiar student, but the 

graduate student’s fixations were much different and less often directed toward the 

targets that were related to momentary instructional goals.  

A second investigation assessed the extent to which an auditory signal influences 

gaze patterns in music teaching. Eight expert teachers viewed a life-size video projection 
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of a violin student performing a brief music excerpt, with and without hearing the sound 

of the instrument. We found no meaningful differences in teachers’ gaze between the two 

presentation conditions.  

In a third study, four violin teachers (freshman, senior, graduate student, and artist 

teacher) each taught a 5-minute lesson to a familiar student. We identified the proximal 

performance goals in each lesson and examined visual fixations in relation to those goals. 

We found marked differences in the sequence and duration of fixations among the four 

teachers, with more experienced teachers fixating more frequently and for longer 

durations on targets relevant to their momentary instructional goals.  

These data illustrate the utility of gaze analysis in illuminating the thinking of 

expert music teachers and provide insight into the deployment of attention among music 

teachers with varied levels of experience and expertise. 
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Chapter 1: Introduction and Review of Literature 

 
The three studies reported in this document represent some of the first 

applications of eye-tracking technology in the study of music teaching and learning. It 

seems especially apt that these procedures would be applied to music teaching, which 

affords moment-to-moment evidence of learners’ understanding and progress in 

accomplishing instructional goals. Research in other domains of human activity have 

shown that modern, mobile eye-tracking technology can be used to learn about the 

deployment of attention in myriad natural environments. The projects in this dissertation 

were designed to examine the gaze of teachers at different stages of development and 

with different levels of pedagogical skill, supplementing decades of behavioral 

observations with a glimpse of teachers’ allocation of attention as they engage with 

learners and work to accomplish instructional goals.  

 This document is organized into five sections. Chapter 1 presents a review of 

relevant research in human vision and visual attention and music education. Chapters 2, 

3, and 4 each report on a research project in which the gaze of teachers is analyzed in 

detail in relation to teachers’ instructional behavior. The final chapter presents a broad 

discussion of the cumulative results of the three experiments and suggests directions for 

future research.  
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Great teaching can seem like magic. To a learner or to an outside observer, a few 

short comments, a redirection, or a slight adjustment by a teacher often seem to change 

completely a student’s understanding, attitude, and performance. For decades, researchers 

in all disciplines have sought to identify the features of instruction that characterize 

expert teaching. Although a great deal of attention has been devoted to behaviors that 

teachers demonstrate, the interactions between teachers and learners have less often been 

the focus of attention in systematic research (Duke, 1999a).  

It is certainly understandable that the detailed documentation of teacher behavior 

would be viewed as a productive first step in developing a full description of effective 

teaching. Yet, behavioral descriptions permit only inferences about the thinking of 

experts, and it is well documented that many of the components of effective thinking are 

inaccessible not only to observers, but often to expert teachers themselves.  

 

Expert music teachers begin instruction with vivid mental models of instructional 

outcomes and, on the basis of those models, lead learners through systematic sequences 

of subtasks, directing learners’ attention to the most important variables affecting the 

successful accomplishment of goals. Expert teachers’ thinking and behavior are 

distinguished from the thinking and behavior of less skillful teachers in terms of what 

experts notice about what learners do and how experts prompt learners to observe more 

carefully their own behavior and the relationships between what they do physically and 

the sounds they produce.  
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 Experts’ ability to make astute observations and their clear images of idealized 

behavior combine to inform the planning and implementation of instruction. In this 

regard, teachers’ conceptual clarity and perceptual acuity, their ability to notice the most 

important and far-reaching aspects of learner behavior, are necessary components of 

teacher expertise.  

 

Music Teaching and Expertise 
 

Observational research in music education has produced a number of descriptive 

analyses of observable teacher behavior, and these descriptions have led to inferences 

about the thinking of expert teachers. Yet, for many years the nature of expertise in 

teaching in general, and in music teaching in particular, remained stubbornly elusive. 

Much of this is attributable to the difficulty in observing teacher thinking, and even 

methods such as think-aloud protocols and post hoc self-descriptions are limited by the 

covert nature of so much of human behavior. Even experts, when asked to explain what 

characterizes their expertise, have difficulty providing more than vague notions of what 

influences their decision-making moment to moment. This limitation is present even 

when aspects of teacher behavior are precisely analyzed. In extensive review of research 

in music teaching and learning, Duke (1999a) observed that the research in music 

education provided little information about the relationships between what teachers do 

and what learners accomplish. 
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In their seminal article The Nature of Expertise, Duke and Simmons (2006) 

developed a comprehensive description of 19 elements that characterize the teaching of 

some of the most renowned artist teachers in the US. Their analysis was based on detailed 

observations of 25 hours of video recordings of experts working with their own students 

in individual and small-group lessons. Duke and Simmons organized elements of expert 

teacher behavior into three broad categories: Goals and Expectations, Effecting Change, 

and Conveying Information. Several of the behaviors identified by Duke and Simmons 

had been observed in earlier investigations, but prior to the 2006 analysis, the interactions 

among relevant variables had not been effectively characterized. I report Duke and 

Simmons’ most important findings in the paragraphs that follow. 

Observations related to Goals and Expectations reveal that expert teachers 

consistently assigned repertoire that was well within the current technical capabilities of 

their students. In doing so, they afford students opportunities to focus on the fundamental 

physical and artistic aspects of music performance. By assigning repertoire in which the 

technical demands were well suited to the technical skills of their students, and thereby 

directing attention away from what would be consuming technical challenges, expert 

teachers facilitated students’ refinement of fundamental skills and their development of 

productive physical, perceptual, and intellectual habits.  

It was also clear throughout Duke and Simmons’ observations that experts had a 

vividly clear auditory and visual image of artistic performance (the ultimate goal of 

instruction) that informed their instructional decision-making. Referring to that image, 

teachers systematically guided their students through a series of well-sequenced iterations 
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in pursuit of instantiating that image in the students’ performances. Sequences of 

instruction were characterized by well-ordered proximal goals that were achievable in the 

near term, thus establishing a pattern of consistent accomplishment throughout the course 

of instruction. The ability to sequence instruction effectively facilitated the development 

of habit strength for reliably successful behavior.  

Other researchers in music education have made similar observations in private 

lesson settings (Siebenaler, 1997) and in ensemble rehearsals (Bergee, 2005; Goolsby, 

1997, 1999; Millican, 2013; Worthy, 2006). These authors also observed that highly 

skilled teachers selected, demonstrated, and verbally articulated instructional targets that 

were indicative of the teachers’ precise conceptions of auditory, visual, and physical 

goals, and their instructional sequences comprised carefully arranged tasks that led to 

frequent accomplishment of proximal goals (Colprit, 2000; Yarbrough & Price, 1989).  

The observations regarding Effecting Change in student performance focused on 

experts’ close attention to the fundamental aspects of tone production, and their 

insistence that students consistently demonstrate excellent physical skills, and thereby 

produce beautiful and in-tune sounds, at all points during the lessons. When performance 

errors were addressed, experts tenaciously pursued their correction, again by structuring 

strategic learning sequences that led to the accomplishment of relevant proximal goals, 

all the while maintaining high expectations regarding the fundamental aspects of 

performance, a finding that has been noted in other research in music teaching (Colprit, 

2000; Goolsby, 1997; Siebenaler, 1997; Worthy, 2006).  
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In the course of many learning sequences, experts included opportunities for 

strategic choice making by students; in other words, the teachers often invited students to 

assess their own playing and to come to their own decisions regarding interpretive 

aspects of their performances. Analyses of the temporal dimension of teacher-student 

interactions revealed that alternating episodes of teacher and student activity, on average, 

were brief, thus creating a pace of instruction that Duke and Simmons described as 

“rapid” and at times “intense.” The process of instruction in these observations comprised 

series of small, achievable proximal goals and thus created a sense of progress throughout 

each lesson, a finding that is consistent with previous studies of one-on-one instruction 

(Colprit, 2000; Duke, 1999b; Siebenaler, 1997). 

Duke and Simmons’ observations regarding Conveying Information, the ways that 

experts communicated with their students, again reflect the clarity with which experts 

conceive of long- and short-term goals and experts’ perceptual acuity—their ability to 

make very fine visual and auditory discriminations about the most important aspects of 

students’ behavior. This precision in thinking was reflected in teachers’ verbalizations 

and musical demonstrations throughout the course of the lesson. It is important to note 

that teachers’ perceptual precision and accuracy included not only descriptions of what 

was seen and heard but also explanations, directives, demonstrations, and feedback that 

associated physical behavior with sound production and, ultimately, expressive outcomes.  

The communication of feedback has long been a topic of interest in the 

observation and assessment of teaching in all disciplines, and numerous investigations 

have examined the ways in which teachers provide feedback to learners, including not 
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only in the form of verbalizations, but also through nonverbal behavior and by structuring 

experiences from which leaners receive feedback from their instruments and have 

opportunities to generate feedback from assessments of their own work. Duke and 

Simmons observed that experts’ feedback was pointed, succinct, and focused on aspects 

of student behavior that were modifiable in the near term. This result is consistent with 

many investigations of skillful teaching in music (Carpenter, 1988; Cavitt, 2003; Colprit, 

2000; Goolsby, 1997; Kostka, 1984; Siebenaler, 1997; Speer, 1994; Yarbrough & Price, 

1981, 1989). Duke and Simmons’ results show that experts gave frequent feedback that 

was mostly negative (i.e., negative assessments of student performance), yet students 

consistently accomplished proximal goals throughout the course of instruction. Experts 

responded intermittently to moments of notable accomplishment with high-magnitude 

positive feedback.  

The descriptive analyses of expert music teaching by Duke and Simmons (2006) 

and others provide increasingly informative characterizations of the behavior of highly 

skilled teachers. Yet, the precise nature of expert thinking, in teaching in general and in 

music teaching in particular, is not well understood. Even experts, when asked to explain 

what characterizes their expertise, often have difficulty providing more than vague 

notions of what influences their apportioning of attention and decision-making moment 

to moment, a limitation that persists even when aspects of teacher behavior are precisely 

analyzed.  
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One of the primary challenges in connecting teacher decision-making and 

behavior to learner outcomes is defining an optimal unit of analysis for systematic 

observation. Teaching episodes in every domain are not monolithic constructs, of course, 

but comprise numerous components that are organized around the accomplishment of a 

series of proximal learning goals. Thus, every class, rehearsal, and lesson in music is 

made up of multiple instructional segments that can be defined by the proximal goal that 

each segment is intended to reach. Each of these segments may include all of the relevant 

features of teacher and learner behavior that are directed toward student accomplishment.  

Duke (1994, 1999a, 2005) proposed that these intervals of instructional time, 

which he labeled rehearsal frames, could serve as units of observation and analysis that 

more effectively illuminate the relationships between teacher behavior and learner 

outcomes. In Duke’s definition, each rehearsal frame begins with the teacher’s implicit or 

explicit identification of a proximal learning goal and ends when the goal is either 

accomplished or abandoned. In typical lessons taught by experts, the durations of most 

rehearsal frames range from 30 s to 3 min. 

Applying the rehearsal frame analysis structure to one-on-one music teaching 

creates an ideal environment for studying the relationships among the many behaviors 

that are involved in teacher-learner interactions. Unlike learning in many other domains, 

in which much of learning is covert, music lessons (and instruction in other tasks that 

involve physical activity) comprise alternating episodes of teacher activity and overt 

demonstrations of student accomplishment that can be monitored moment to moment. 

The resultant coupling of intentions, behavior, and outcomes that rehearsal frames 
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illuminate provides a propitious framework within which to track the deployment of 

teacher attention. 

 

The Role of Vision in Human Functioning 
 

Human beings, like all organisms, improve their ability to navigate the world by 

encoding and storing information that will be useful for making predictions and taking 

action in the future. Individuals learn through experience to prioritize features of the 

environment that are most likely to provide relevant information that can inform decision 

making and activate behavior in the pursuit of proximal and distal goals. Learning 

precisely what to attend to is an important element of developing functional skills in any 

task, from manipulating a spoon to hand washing to teaching a student to perform a 

challenging piece of music with expression and flawless technique.  

Because movements of the eyes provide indications of visual focus, and thereby 

reflect cognitive attention, recording and analyzing eye movements can potentially 

illuminate many aspects of cognitive attention during real-world tasks (e.g. Land, 

Mennie, & Rusted, 1999; Pelz & Canosa, 2001; Turano, Geruschat, & Baker, 2003). This 

may be particularly advantageous in contributing to understanding the thinking of experts 

in many domains of human activity, including teaching. Rather than rely only on 

inferences about thinking that are based on behavioral observations, learning about the 

deployment of attention may reveal aspects of teachers’ perceptions and decision making 

that have yet to be fully characterized.   
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Vision is a dominant component of the human perceptual system. Approximately 

30 percent of the 86 billion neurons in the human cortex are devoted to processing visual 

stimuli. In contrast, only 8 percent are devoted to touch and 2 percent to the auditory 

processing. The movements of the eyes allow for shifting focal targets among 

components of visual scenes and thus increase the ability to capture relevant information 

that is useful in operating in complex environments.  

Figure 1.1 shows a cross section of the human eye indicating the basic anatomy of 

the organ. Notable in this image is the retina, a carpet of two types of photoreceptor cells 

that line the back of the eye. These specialized cells vary in their sensitivity to light and 

color. Approximately 90 million rod cells are especially sensitive to light and are thus 

responsible for detecting dim light signals. Approximately 5-7 million cone cells are less 

sensitive to dim light intensities, but are responsible for perceptions of color. Cone cells 

are clustered primarily in a limited centralized depression on the surface of the retina 

called the fovea, the area of the retina with maximum visual clarity. 

The foveal depression covers only 1/4000th of the retinal surface, but the nerve 

fibers projecting from the fovea comprise nearly half of all the cells of the optic nerve. 

Retinal ganglion cells transmit image-forming information to regions of the brain 

involved with visual processing via the optic nerve. Some of the ganglion cells do not 

directly contribute to visual processing, but are intrinsically photoreceptive neurons that 

play a key role in synchronizing circadian rhythm cycles. The optic nerve transmits 
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information to the occipital cortex, the location of visual perception, as well as to the 

superior colliculus, which controls the mechanical operations of the eyes.  

Most individuals operate quite effectively without ever realizing that high acuity 

vision is restricted to a very small segment of the visual field. During everyday scene 

perception, the eyes gather high-resolution visual information from the cells of the fovea, 

and given that the amount of the visual field that is high acuity is approximately the size 

of a thumbnail at arms length, the eyes must move in order to gather information about 

fine spatial detail such as that required for reading or threading a needle.  

 

Figure 1.1. Sagittal section of adult human eye 

(“Gross Anatomy of the Eye by Helga Kolb – Webvision,” n.d.) 
 

 

 

Because of the retina’s structural conformation, the eyes do not remain stationary 

while observing a given object in the environment, but move frequently in a succession 

of rapid ballistic movements called saccades. Saccades orient the fovea to regions of 
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interest in the visual field on which the eye momentarily pauses or  “fixates.” The eyes 

sometimes track the motion of objects in the visual field in a smooth pursuit, during 

which the motion of the eye corresponds to the motion of the moving object that is the 

focus of attention. Most animals engage in “saccade and fixate” strategies to reposition 

the gaze to fixate different targets in the surrounding environment (Land, 1999).  

Saccades are primarily voluntary movements (Kowler, 1990) that indicate shifts 

in attention from one fixation target to another (Gottlieb, 1998). Saccades and fixation 

allow the brain to gather new information about the environment, maximize information 

gathering, or reduce uncertainty about an object in the scene (e.g. Najemnik & Geisler, 

2005; Renninger, Verghese, & Coughlan, 2007).  

 

Eye Movements and Reward 
 

Neuroscientists have successfully mapped many aspects of the brain’s neural 

reward systems. Findings from research with non-human primates show that 

dopaminergic neurons in the basal ganglia respond to reward and reward-predicting 

stimuli (Schultz, Tremblay, & Hollerman, 2000), thus describing the neuronal substrate 

for reward learning. With experience and over time, the brain learns to discriminate 

between rewarded and unrewarded stimuli (Tremblay, Hollerman, & Schultz, 1998), and 

neuronal activity changes based on individual reward preferences (Tremblay & Schultz, 

1999).  
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Because vision serves to gather information for moment-to-moment navigation 

and execution of behavioral goals, learning and reward play an integral role in how visual 

attention is allocated. In addition to their established role in the brain’s reward systems 

and for controlling skeletal motor movements, the basal ganglia also control saccadic eye 

movement via the superior colliculus, the primary function of which is to direct 

behavioral responses toward specific points in space, which is how saccades direct the 

fovea to specific targets in the visual scene. Sensitivity to reward in the visual scene is 

present throughout the networks controlling saccades. Hikosaka, Nakamura, & Nakahara 

(2006) found that the basal ganglia play a key role in guiding gaze to locations in the 

scene that present the highest probability for reward. 

Many researchers now use saccadic eye movement as the sensorimotor measure 

in experiments designed to analyze brain activity involved in learning behavior that leads 

to subsequent reward. Researchers have found that areas of the cortex involved with 

saccadic eye movement, including the frontal eye field, supplementary eye fields, lateral 

intraparietal cortex, and dorsolateral prefrontal cortex, all exhibit sensitivity to reward 

(Dorris & Glimcher, 2004; P. Glimcher, Camerer, Fehr, & Poldrack, 2009; Glimcher, 

2003; Platt & Glimcher, 1999; Stuphorn & Schall, 2006; Stuphorn, Taylor, & Schall, 

2000; Sugrue, Corrado, & Newsome, 2004). These findings indicate that the neurons that 

control saccade targeting respond, prior to initiating behavior, to the amount of expected 

reward and the perceived likelihood of reward. This response sensitivity plays an 

important role in learning where to look in the visual field and presents a connection 

between patterns of fixation and the behavioral goals of a given task. 
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In navigating everyday life experiences, human visual attention is strategically 

deployed to obtain relevant information that contributes to the accomplishment of 

behavioral goals. Tatler, Hayhoe, Land, and Ballard (2011) argue that, for this reason, 

information acquired during visual fixation can be considered a secondary reward that 

facilitates learning for human patterns of gaze. In other words, humans learn to associate 

information gathered during fixation (directed to the most advantageous targets in the 

scene) with subsequent reward, and this learning influences gaze behavior for that task. 

The process of saccade to fixation to reward is played out over and over during everyday 

life.  

Many researchers now argue that gaze patterns are linked to working memory, 

mental models, and reward. Modeling target selection based on specific task demands 

yields remarkably accurate predictions of saccade and target selection as a result of the 

brain’s reward system (Hayhoe & Ballard, 2014; Hayhoe et al., 2007).  

Researchers in this domain acknowledge the cognitive control of eye guidance 

and the intimate connection between vision and action. In fact, many current studies 

investigating eye movements during behavioral tasks have found sequenced patterns of 

short fixations of targets in the scene. These are often interpreted as preprogrammed 

sequences of fixation, serialized to execute specific behavioral goals. And this pattern, 

often consistent among participants, reflects utilization of prior knowledge to guide eye 

movements (see Tatler et al., 2014).  

Automobile drivers, for example, consistently fixate specific tangent points as 

they navigate curves (Land & Lee, 1994). Ballard, Hayhoe, and Pelz (1995) found that 
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participants demonstrated very similar sequences of fixations during a block-moving 

task, both on a video screen and with real blocks in physical space, reporting that 

participants used the eyes to gather information on an as-needed basis when completing a 

task that required short-term memory, and these eye movements reflected a sequenced 

strategy to aid in the behavioral goal. Shinoda and colleagues found that over 45% of all 

fixations in a virtual-reality driving task fell on intersections where drivers were more 

likely to locate stop signs. Drivers were more likely to detect stop signs that were placed 

near intersections (where experienced drivers would expect them to be) than they were to 

detect stop signs in the middle of the block (Shinoda et al., 2001). These and other 

investigations indicate that individuals learn to optimally locate relevant information 

specific to the task at hand that ultimately leads to reward.   

In 1984, Ullman proposed the idea of “visual routines” to explain how humans 

prioritize low-level information in a visual scene to perceive spatial relationships among 

objects. A visual routine is a specialized visual computation, executed on demand to 

perceive specific properties of an environment. For example, when picking up an object, 

the calculation of the shape properties necessary for configuring grasp can be thought of 

as a visual routine. The idea is that if one did not need to pick up the object that 

information would not necessarily be extracted by the visual system. Hayhoe (2000) 

argues that these routines translate to real-world tasks, in that humans learn to predict and 

monitor elements of the visual scene important for taking action. In executing everyday 

tasks like making a sandwich, driving, and washing your hands, there are commonly used 

routines (e.g., locate the next object important in the sequence or monitor a changing 
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state to guide the next action). Such routines may not be readily accessible to 

consciousness; that is, individuals may not be aware of patterns in gaze allocation 

specific to individual tasks. Advances in eye tracking technology are allowing researchers 

to measure fixation location and duration as an indicator of routines, and these data are 

now laying the groundwork for new, task-driven models of human gaze allocation in 

natural environments. 

The link between eye movements and reward systems may also pertain to more 

complex natural behaviors. Humans almost certainly learn sequential patterns of gaze to 

execute familiar tasks, and this seems applicable to the task of teaching. With experience 

over time, violin teachers, for example, learn to prioritize physical targets in the learning 

environment that provide information that is relevant to the accomplishment of lesson 

goals. Because the number of targets is finite and their interrelationships are well 

understood, teachers develop strategies of attending to important targets at optimal 

moments in a lesson sequence. Prioritizing important targets when it is advantageous to 

do so leads to more reliably successful (and thus rewarded) outcomes.   

 

Saliency-Based Models for Visual Search 

 
 In recent decades, researchers have developed computational models that attempt 

to predict and reproduce visual search patterns. Most of these models are centered on the 

idea that salient features in the visual field, including color, shape, and dimension, allow 

individuals to discriminate among objects and select a target (see Wolfe, 1998). Bottom-
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up models show that exogenous factors direct gaze allocation based on object 

conspicuity. There is a large body of evidence to support the idea that conspicuity elicits 

attention in picture viewing, where there is no subsequent action to be taken by the 

viewer. The saliency map, developed by Itti and Koch, (2000) and Koch and Ullman 

(1985), drives much of the research for salience-based models. The concept of a saliency 

map allows researchers to extract low-level features from a 2-D scene based on objects’ 

luminance, orientation, and color. Computational weight is then given to objects with 

higher conspicuity, and fixation can be modeled or predicted based on these properties. 

All evidence for salience-based models of gaze is a result of procedures involving simple 

visual search on a screen, where targets are uncomplicated objects. Itti and Koch (2000) 

argue that, although salience can predict fixation in the first milliseconds of viewing, a 

solely bottom-up approach cannot explain higher cognitive function and attention in 

natural environments. 

 Even in simple 2-dimensional search tasks, there are many factors that affect eye 

movements in ways that contradict a model based on salience alone. These factors 

include the goals and purposes of the task being performed (Einhäuser, Rutishauser, & 

Koch, 2008; Malcolm & Henderson, 2010; Pelz & Canosa, 2001; Rothkopf, Ballard, & 

Hayhoe, 2007; Turano, Geruschat, & Baker, 2003) as well as the prospect of reward for 

executing the task (Navalpakkam, Koch, & Perona, 2009). Findings from these studies 

indicate that the type of scene being viewed, the goals of viewing, and the anticipation for 

reward can guide eye movements in ways not explained by a salience model.  
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The advent of mobile eye trackers allows the monitoring of vision in various real-

world tasks that reflect the complexity of possibilities in the natural environment. This 

technology is being used widely in studies that report findings in support of an 

understanding of human gaze driven by cognitive goals specific to real-world tasks. 

Proponents of task-driven models of visual attention argue that the predominant picture-

viewing paradigm cannot explain human gaze allocation in the context of natural 

behavior.  

 

Early Study of Eye Movements 

 
 

 Since the late 1800’s researchers have used various devices to monitor eye 

movements in an effort to explain the mechanics and underlying processes of vision and 

cognition. The very first eye movement recordings were made by Delabarre in 1898, who 

used cocaine to anesthetize the eye in order to attach equipment to the cornea to measure 

movement. Delabarre himself stated, “As to whether there is any danger to the eye to be 

feared from using it (the tracking method) in this manner, I cannot say with assurance.” 

(p. 574). In the early 1900’s, researchers developed a method for recording the reflection 

of a light source on the cornea, which became the predominant method used for detecting 

movements of the eye for the following 50 years (Dodge & Cline, 1901). Using this 

method, researchers explored how the eye moves and fixates during activities like 

reading text and picture viewing (Buswell, 1921, 1935) and music reading (Weaver, 
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1943). The early eye tracking methods were often uncomfortable, limited, and required 

the head to be completely immobilized during data collection. During the early years of 

eye movement research, scientists sought primarily to generate descriptive analyses of 

how the eyes move in a variety of settings. 

In his landmark study, Yarbus (1967) established the cognitive control of eye 

movements by observing a human participant who viewed an image of a painting. Yarbus 

explored differences in eye movement behaviors when the participant was asked different 

questions and assigned different tasks while viewing. He found that the eye movements 

were not only dependent on the scene itself, but on the questions and task directions 

presented to the participant as well.  

A more recent replication of the study demonstrates that saccadic eye movements 

and targets of fixation depend on the goal of looking. DeAngelus and Pelz (2009) sought 

to replicate Yarbus's 1967 study using more participants and modern eye-tracking 

technology. They found that participants fixated different targets depending on whether 

they were asked to surmise previous activities of the people in a painting or to remember 

their clothing. The findings of Yarbus and the replication highlight the intimate 

connection between eye movements and processing during ongoing, goal-directed picture 

viewing tasks.  

Around the same time as Yarbus’s work, scientists were developing an eye 

tracking device that used a large head-mounted camera to allow for some movement on 

the part of the participant (Mackworth & Thomas, 1962). Due to the heavy weight of 

these trackers and their relative lack of accuracy, the technology was not widely adopted. 
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Rather, vision researchers developed a method of tracking gaze using search coils, very 

thin wires attached to a contact lens applied to an anesthetized eye. The wires move 

within a magnetic field generating a voltage between two field coils attached to both 

sides of the head. The voltage can be used to measure horizontal and vertical location of 

the pupil (Collewijn, 1977).  

By the 1980’s, video technology was being engineered to be much smaller and 

higher quality. Today, most modern eye tracking technology uses head-mounted cameras 

to capture the visual scene and eye movements. These video-based technologies measure 

the pupil center in relation to the corneal reflection. Figure 1.2 shows the Positive Science 

mobile eye tracking system with A) head mounted scene camera to record the visual 

scene and B) eye camera that uses infrared light to illuminate the pupil. Post recording 

software uses algorithms to locate the pupil and the stable corneal reflection to create a 

video showing precise location of gaze in a scene within 1 degree of accuracy (see Figure 

1.3).  



 21 

 

Figure 1.2. Positive Science eye-tracking headgear. 

 

 

Figure 1.3. Screen shot of a lesson video recording showing the images from the front 
facing camera and the camera focused on the teacher’s eye (inset, upper 
right). Yellow crosshairs show the point of gaze. 
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Eye Movements in Reading and Scene Viewing 

 
One of the primary goals of research involving human gaze control in natural 

environments is to understand how eye movements and fixation guide behavior and 

reflect attention. The vast majority of eye tracking research over the past 40 years has 

been devoted to tracking eye movements and fixation while participants viewed static 

two-dimensional images, such as text on a page, a painting, or a screen. Findings present 

a descriptive analysis of how the eyes move during passive viewing experiences, and 

researchers have made inferences about how eye movements reflect attention.  

Much of this literature focuses on information processing while reading (for 

extensive reviews see (Rayner, 2009; Radach, Kennedy, & Rayner, 2004; Rayner, 1998). 

The research included in these reviews indicates that eye movements during reading are 

linear, left to right, with occasional backward saccades that reflect a lack of 

comprehension or missed words in the reading process. Mean fixation duration is 225-

250ms when reading silently, slightly longer (275-325ms) when reading aloud. The 

longer fixation reflects added time needed to process the word for speech.  

When reading music or typing, there is a unique motor component to gaze 

allocation. Weaver (1943) found that advanced piano players saccade evenly between the 

upper and lower staves of the grand staff, fixating equally and evenly left to right when 

sight reading (see Figure 1.4). Mean duration of fixations on the upper staff was nearly 

twice as long as the mean for the lower staff, presumably due to the frequency of notes in 

the treble clef. This supports the idea that eye movements during music reading are 
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systematic and a function of information processing while the musician navigates the 

score.  

 

 

Figure 1.4. From Weaver 1943, indication of saccade during music reading of a Bach 
Minuet. Dotted lines indicate saccade from upper to lower staff and left to 
right eye movement. 

 

Studies measuring eye movements and fixation during reading and picture 

viewing tasks were able to identify basic patterns in processing static visual information. 

The eyes move and fixate differently depending on the specific task. The distances of 

saccades depend on the location of important targets in the scene, and the durations of 

fixations vary depending on the time required to gather relevant information.   

Just and Carpenter (1980) found that college-aged students reading science 

passages make longer pauses (fixations) at places where processing loads are greater. For 

example, fixations were longer on words that were unfamiliar to the students, which the 

researchers interpreted as evidence that gaze duration is a function of various levels of 

information processing and cognitive load. Just and Carpenter argue that fixation is a 

marker for attention and processing and that fixation duration indicates depth of 

processing. The work of Yarbus, Buswell, Just and Carpenter, and many others have 
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helped to establish the following principles that guide current research: 1) Humans decide 

where to look based on momentary goals, 2) saccades indicate a shift in attention to a 

new target in the scene, 3) fixation is a marker for attention and information processing, 

and 4) the duration of fixation is an indicator of processing load.  

 

Eye Tracking and Human Learning 

 
 Researchers have deployed eye tracking technology to study human learning in 

many domains. Lai et al. (2013) reviewed 113 current studies that employed eye tracking 

methods to measure learner outcomes and relevant cognitive processes. Most studies 

measured eye movements and fixations in relation to learner processing and attention in 

highly controlled lab settings where stimuli are presented on a screen or in text on a page. 

Some studies included in this review used eye tracking technology to measure the 

duration of fixations on text as an indicator of word comprehension (eg. Chaffin, Morris, 

& Seely, 2001), interpreting short fixations on words as indicators of immediate 

comprehension and long fixations as indicators of deeper processing.  

Other researchers measured fixations as an indicator of attention in learning tasks. 

Wang and Mitchell (2011), for example, showed participants a complex visual stimulus 

and then asked them to identify it later among distractors. They found that better learning 

outcomes were associated with longer fixation times on unique features of the stimuli. 

Knoblich, Ohlsso, and Raney (2001) conducted a problem-solving experiment using a 

matchstick arithmetic task. Participants solved three Roman-numeral equations, varying 
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in difficulty, with the restriction that they move only one matchstick to solve the problem. 

Overall fixation time was significantly longer for the problems that were more difficult. 

Also, successful problem solvers spent longer times fixating on the most important 

problem elements for obtaining the correct solution. Broad findings from studies of eye 

movement during learning tasks align with findings from studies involving scene 

perception and reading in that longer fixations are seen as indicators of higher processing 

load.  

 

Eye Movements During Natural and Complex Tasks  

 
Many researchers more recently have used eye tracking technology to measure 

gaze during everyday behavior such as walking, driving, washing hands, making a 

sandwich or a cup of tea, and playing sports (e.g. Turano & Geruschat, 2002; Kandil & 

Rotter, 2009; Land & Lee, 1994; Land & Mcleod, 2000; Land et. al, 1999; Hayhoe & 

Land, 2001; Pelz & Canosa, 2001; Hayhoe, Mennie, Sullivan, & Gorgos, 2005) in an 

effort to understand motor planning, prediction of objects in motion, and cognitive 

strategies in sequential tasks. The major findings from these studies show that the nature 

of behavioral tasks is the most important factor in determining where and when fixations 

occur. Individuals look at targets when doing so provides the most useful information for 

planning and action.  

In a recent study of piano performance and sight reading, Dormehl (2017) 

analyzed the timing, duration, and location of performers’ fixations on the keyboard and 
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in the printed musical score. The expert pianist and intermediate pianist in the study both 

tended to fixate locations on the keyboard immediately prior to their shifting their hands 

to reach them, thus anticipating upcoming challenging passages. During sight-reading, 

the expert fixated locations on the score for much longer durations than did the 

intermediate pianist. His visual span was much more condensed. He fixated fewer 

unnecessary keys to the right or left of his hands when sight reading indicating the 

expert’s clear mental model of the keyboard in relation to motor control (Dormehl, 2017).     

In their foundational series of studies on eye movements and motor planning 

during every day tasks, Hayhoe and Land investigated gaze during the act of making a 

sandwich and a cup of tea (Hayhoe, 2000; Land et al., 1999), tasks that involved 

participants’ manipulating multiple objects in a sequential manner. The experimental 

tasks each included approximately 45 subtasks, all of which require prediction, motor 

planning, and working memory. Hayhoe and Land found similarities among participants 

in their allocations of gaze at each stage of the process. Almost all fixations focused on 

targets that were important to executing the immediate task in each sequence. 

Hayhoe, Land, and others have also observed that fixation durations on objects 

vary widely depending on the subtask, and that visual fixation is terminated when the 

necessary information is acquired. In other words, the eyes provide information on an as-

needed basis, and relevant fixations immediately precede motor action. Land found that 

all fixations could be categorized into four basic groups: locating, directing, guiding, and 

checking.  
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The work of Hayhoe and Land and similar research has identified “visual 

routines” that reflect a sequential understanding and mental models related to various 

tasks (Hayhoe, 2000; Roelfsema, Lamme, & Spekreijse, 2000). Hayhoe argues, “Control 

of eye movements, visual acquisition, and memory use by the immediate task entails 

several different kinds of learning. Observers must learn the structure of tasks such as 

making tea, they must learn where to look to get the information they need, they must 

learn the properties of the world, and how those properties change, and they must learn 

how to allocate attention and fixations in an optimal manner” (Hayhoe, Droll, & Mennie, 

2007, p. 648).  

Expert music teachers likewise have learned to identify the visual, physical, and 

auditory features of successful performances, both their own and their students’, and thus 

know what to attend and what not attend to over the course of instruction. In much the 

same ways that automobile drivers learn to predict the most likely places for a stop sign 

to appear, teachers learn where to look to obtain the most important information for 

instruction. The research of Land and Hayhoe provides a fundamental framework for 

deconstructing natural tasks and measuring fixation as an indicator of attention, but many 

activities like teaching that require much more complex decision-making, prediction, and 

monitoring have yet to be fully characterized.  

There are many studies that investigate expertise and visual behavior during more 

complex tasks such as medical diagnostics, sports, and chess (for an in-depth review see 

Gegenfurtner, Lehtinen, & Saljo, 2011). Studies of eye movements and expertise reveal 

that highly skilled participants allocate visual attention differently than did novices and 
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that eye movement data provides a window into the thinking of experts. Expert chess 

players, for example, make fewer total fixations and their fixations are longer in duration 

than those of novices, and expert’s fixations fall on parts of the board where the most 

advantageous next moves might occur. This is interpreted to signify experts’ heightened 

attention to relevant targets and their deeper processing at important places in the array of 

pieces on the chessboard. Expert players are also less distracted than novices by 

unrewarding targets on the board and tend to fixate between individual pieces rather than 

on pieces, indicating that experts are thinking about the movement of pieces across the 

board (Reingold, Charness, Pomplun, & Stampe, 2001). Studies of other complex tasks 

have obtained similar results related to the gaze of experts (e.g., Donovan & Litchfield, 

2013). 

There are few real-world classroom applications of eye tracking technologies, and 

those that exist focus on student attention and learning (Marschark, Sapere, Convertino, 

& Pelz, 2008; Yang, 2013). Studies of teacher gaze have explored questions about the 

management of student behavior in classrooms (van den Bogert, van Bruggen, Kostons, 

& Jochems, 2014), revealing that experienced teachers had shorter mean fixation duration 

than did novices when observing a class. The authors proposed that experienced teachers 

required less time to comprehend complex events in the classroom.  

Wolff, Jarodzka, Bogert, and Boshuizen (2016) tracked the gaze of expert 

(experienced) and pre service teachers while they viewed video recordings of classroom 

behavior. Findings indicate that experts, compared to novices, focused their attention on 

fewer, but more relevant, targets and for shorter durations. Novices’ fixated numerous 
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targets around the classroom, many of which were irrelevant to instruction. The experts’ 

deployment of attention seemed to be driven by their experience and their ability to 

assess situations relatively quickly. Sturmer, Siedel, Muller, Hausler, and Cortina (2017) 

also found that novice elementary classroom teachers tended to focus on a few students in 

a classroom and failed to notice many important elements of the classroom environment.  

 In a recent doctoral dissertation examining teacher gaze in music teaching Todd 

(2017) found that expert and novice band directors who observed video recordings of 

middle school band rehearsals demonstrated similar patterns of fixation. Todd also 

attempted to alter the gaze patterns of novices by having them observe video recordings 

that included expert teacher gaze data (crosshairs on rehearsal videos showing the 

location of gaze) and an ongoing verbal narrative of what they observed as they watched 

the recording. There were considerable limitations in the study, and there were no 

significant effects of training on novices’ subsequent behavior. Todd noted that novice 

teachers spent more time seeking to identify precise problems and areas of interest in the 

recordings, and experts’ fixations were generally shorter than those of novices. Although 

teachers were asked to think aloud while observing, fixation measures were not directly 

compared to the moment to moment narrations. 

 

Movements of the eyes have been a topic of study for over a century, and it is 

now well understood that movements of the eyes (saccade and fixation) are indicators of 

momentary allocation of attention, and the neural substrate for oculomotor control is 

linked to reward systems in the brain. In nearly all research measuring eye movements 
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during scene viewing and natural tasks, longer fixation times are interpreted as moments 

of deeper processing. Shorter fixations can be indicative of lighter cognitive demand, but 

could also indicate learned visual routines specific to individual behavior. It is also well 

documented that experts tend to fixate targets that are most meaningful and relevant to 

the task at hand.  

 

Applications to Music Teaching  
 

Researchers have long differentiated expert and novice music teachers based on a 

variety of observable behaviors, but no one has yet measured allocation of attention 

during one-on-one instruction in music. Although some attention has been given to 

monitoring visual attention in classes and rehearsals, it seems important first to examine 

gaze and attention in more limited settings, where gaze may be more closely associated 

with the accomplishment of instructional goals.  

In the current line of research, we utilize eye tracking technology to measure the 

gaze of violin teachers during one-on-one private lessons. We chose to pilot this research 

with violin teachers in part because, unlike in singing and wind instrument playing, all of 

the physical components of violin playing are in view of the teacher. The set of three 

studies that follow are the first examples of tracking the eye movements of music 

teachers over the course of instruction. Study 1 is a pilot to determine the viability of 

deploying this technology, tracking the visual attention of two teachers working with 

familiar and novel students. Since the auditory component of music making represents 
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the ultimate goal of musicians and teachers, we designed Study 2 to determine the extent 

to which patterns of gaze are affected by an audio signal. In Study 3, we tracked the gaze 

of four teachers with different levels of teaching experience and expertise.  

The use of the rehearsal frame paradigm in the studies that follow allows for 

analysis of moment-to-moment teacher behaviors in relation to brief lesson events. 

Deconstructing the short lessons into defined subtasks via the rehearsal frame and 

analyzing visual data based on the task’s “crucial state information” allows for greater 

understanding of visual attention as it relates to individual actions or decisions (Hayhoe 

& Ballard, 2014).  

There is great deal of evidence indicating that eye movements during tasks that 

require planning and action reflect learned visual strategies. In keeping with this notion, 

highly skilled teachers should exhibit gaze behaviors that are similar in terms of target 

selection and patterns of gaze, choosing targets based on learned strategies for gathering 

visual information important to instantiating an idealized mental model of playing the 

violin. The notion that visual attention is allocated to targets in a given scene that are 

most likely to provide information important for successful task execution and reward 

predicts that fixations by skillful, experienced teachers would fall primarily on targets 

important to the instructional goal.  

Analyzing the gaze of teachers as they work with learners provides a unique form 

of data that further illuminates the associations between teacher thinking and student 

outcomes. Measuring teachers’ moment-to-moment allocation of attention provides a 

window into the perception and processing of environmental cues that influence attention 
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and behavior. A better understanding of the perceptual acuity of expert teachers may in 

the future inform the training of novices and perhaps accelerate the process of teacher 

development.  
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Chapter 2: Analysis of gaze in skilled music teachers 

 
A central feature of instructional effectiveness is teachers’ responsiveness to the 

progress of students moment to moment. Thus, the precision of auditory and visual 

perceptions is a requisite component of teachers’ ability to structure and implement 

learning experiences that lead to students’ achievement of proximal goals. The cognitive 

processes that guide perception and action form the basis of teacher expertise, and the 

auditory and visual information that teachers attend to influence the process of instruction 

in profound ways.  

It is often said—and almost as often misattributed to Shakespeare—that the eyes 

are the windows to the soul. In fact, it may be the case that the eyes are the windows to 

the mind—that they reliably reflect the focus of attention (Gottlieb et al., 1998; Kowler et 

al., 1995). During everyday scene perception, the eyes gather precise visual information 

from only a limited centralized focal point on the retina called the fovea. Given the small 

region of the visual field that provides high acuity visual information at any moment, the 

eyes engage in rapid ballistic movements called saccades, that reorient the fovea to 

different locations in the field of view, thus allowing acquisition of the visual information 

necessary for accomplishing the current behavioral goals (Hayhoe, 2000; Land et al., 

1999).  

Saccades indicate shifts in cognitive attention from one fixation target to another, 

and fixations (during which the eye remains focused on a visual target) allow the brain to 

gather relevant information that contributes to understanding and guides motor control. 
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Yarbus (1965), in a landmark study, was the first to observe a link between fixation 

patterns and cognitive goals. Since that time, researchers have continued to employ 

advancing technology to understand the relationships between gaze, attention, cognition, 

and behavior (Corbetta et al., 1998; Henderson, 2003; Kowler et al., 1995) 

Newer lightweight, video-based eye-tracking technology permits reliable 

recording of human gaze patterns in almost any environment. Typical eye-tracking 

hardware includes stationary (mounted) or mobile headgear that tracks points of gaze and 

saccadic eye movements of humans and other animals. Most contemporary headgear uses 

two video cameras, one of which records the corneal reflection of the subject at close 

proximity while the other records the scene from the perspective of the subject. 

Accompanying software then combines the eye and scene recordings to produce one 

video that depicts a visual representation of the subject’s gaze on the scene, showing 

precisely where the subject looks. Video analysis software isolates and measures 

fixations and saccades throughout.  

The measurement of fixations and saccadic eye movements does not fully 

illuminate the variety of cortical and subcortical computations that occur at a given 

moment, of course, but the data provide information that permits reasonable inferences 

about human performance and cognition in myriad environments. It is now understood, 

for example, that saccades between fixations are preceded by attention shifts to the target 

location (Gottlieb et al., 1998; Kowler et al., 1995) and that changes in attention are 

reflected in fixation changes (Corbetta et al., 1998). Saccadic eye movements often 

reflect planning, spatial memory, reward, and sensitivity to target probability (Kowler, 
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1990; Platt & Glimcher, 1999; Stuphorn, Taylor, & Schall, 2000). 

A number of authors who have studied gaze in everyday tasks like making a 

sandwich or a cup of tea (Hayhoe, Shrivastava, Mruczek, & Pelz, 2003; Land et al., 

1999) have found that participants fixate almost exclusively on task-relevant objects 

while pursuing a goal. These and similar studies have identified “visual routines” that 

reflect a sequential understanding and mental models related to various tasks (Hayhoe, 

2000; Roelfsema et al., 2000). Hayhoe states, “people must learn where to look in a scene 

to get the information they need for component sub-tasks. They must learn the structure 

and dynamic properties of the world in order to fixate on critical regions at the right time” 

(Hayhoe et al., 2007, p. 645). 

Teaching is an extremely complex task that involves multiple variables, some of 

which are predictable, others less so. Effective teaching relies on teachers’ vivid mental 

models of desired outcomes, their knowledge of what to look and listen for (and when to 

look for what), and their ability to anticipate student behavior. In the present 

investigation, we examined the perceptual processes that occur during instrumental music 

instruction by measuring the gaze of two highly skilled music teachers. Our goals were 

first to evaluate the utility of employing eye-tracking technology in the analysis of 

teaching, and second to determine the extent to which teachers’ gaze is reflective of 

proximal performance goals. 

 

METHOD 
 

We recorded an artist-level violin teacher and a highly skilled graduate violin 
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teacher as they taught 5-min violin lessons to a student of their own and to a student 

whom they had not yet met. We examined the frequency and duration of the teachers’ 

visual fixations in relation to the teachers’ approaches to accomplishing proximal 

instructional goals. In preparing the analysis, we first identified the rehearsal frames in 

each lesson video (Duke, 1999a), partitioning the recordings into discrete time intervals 

devoted to the accomplishment of proximal goals. We examined the target location, 

frequency, and duration of teachers’ visual fixations and compared the data to the 

instructional goals in each rehearsal frame. 

 

Participants 
 

Participants were two string teachers and two young violin students enrolled in 

The University of Texas String Project, a community music program of the Sarah and 

Ernest Butler School of Music at The University of Texas at Austin. The artist-level 

teacher was a professor of Music and Human Learning and a nationally recognized leader 

in string education. The graduate student was a PhD student in Music and Human 

Learning with over 10 years teaching experience, both in private studios and in classroom 

settings. Each teacher brought one of her own private students to participate in the 

project. Student 1 was 9 years old at the time of the study, and had been taking lessons 

with the artist-teacher for 5 years. Student 2 was 8 years old and had been studying with 

the graduate student for 2 years. Participants volunteered (and received parental consent) 

to participate in the study, and received no compensation for their participation. All 
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procedures were approved by The Institutional Review Board of The University of Texas 

at Austin. 

 

Figure 2.1. Positive Science eye-tracking headgear with A) Scene camera, B) Eye camera 

 

Equipment 

 
Each teacher was fitted with Positive Science eye-tracking headgear (see Figure 

2.1) with a 25-foot cable tethered to an iMac desktop computer. The headgear comprises 

a lightweight, flexible pair of eyeglass rims with an off-axis infrared illuminator and 

miniature camera to capture corneal and pupil reflection. Another small camera is 

mounted on top of the glasses to capture the scene from the perspective of the wearer. 

The tethered cable was secured to a small harness with shoulder straps on the back of the 

participants so that the weight of the cable did not disturb the eye-tracking glasses as the 

teachers moved freely during data collection. The hardware was connected to the iMac 

running Yarbus LiveCapture® software, which produces a combined image of both the 
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scene and eye cameras and creates a video of the scene with crosshairs showing the 

teachers’ gaze location in real time (Figure 2.2). The eye-tracking hardware is calibrated 

to an accuracy of approximately 1° of visual angle.  

 

Figure 2.2. Screen shot of a lesson video recording showing the images from the front-
facing camera and the camera focused on the teacher’s eye (inset, upper right). Yellow 
crosshairs show the point of gaze. 

 

Procedure 

 
While wearing the eye-tracking hardware, each teacher taught two 5-min lessons, 

one with her own student and one with the student of the other teacher (novel student). 

Each student began the lesson by playing a short piece or excerpt of approximately 45 

seconds in duration, after which the teacher continued the lesson. Students were told that 

the quality of their playing would not affect the study, but were asked to play to the best 

of their ability. Teachers were given no specific instruction regarding lesson content.  

At the beginning of each session, teachers were seated as they were fitted with the 
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eye tracking headgear and harness. Adjustments were made to ensure comfort and 

mobility. Next, the student entered the room and got into playing position approximately 

three feet in front of the teacher, where she stood while she tuned and warmed up. We 

then calibrated the eye-tracking headgear to the teachers’ field of vision around the 

student.  

Each lesson began with the student performing a short piece or excerpt, during 

which the teacher made preliminary assessments and determined where to begin 

instruction. The entire lesson, from the beginning of the initial student performance to the 

end of the instructional period, lasted 5 min.  

 

Data Analysis 

 
In analyzing the content in the four lesson recordings, we first partitioned the 

lessons into rehearsal frames (Duke, 1994, 1999a, 2005), intervals of instructional time 

defined by proximal performance goals. The start point of each rehearsal frame was 

defined by the teacher’s implicit or explicit identification of a proximal learning goal; the 

end point was defined when the proximal goal was either accomplished or abandoned.  

We also analyzed each video using Scribe 4.2 behavior analysis software (Duke 

& Stammen, 2011) to record the frequency and timing of relevant teacher and student 

behaviors. We used GazeTag software to isolate every visual fixation of 100ms or more 

in each lesson video, and we labeled points of fixation, which we interpreted as evidence 

of momentary locus of attention, according to their visual targets (e.g., bow hand, left 
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hand, bow contact point, face). The coding software provided the sequence and timings 

of fixations for each lesson.  

One week after the lessons, teachers returned to the lab to view the edited lesson 

recordings with superimposed crosshairs on the video from the scene camera, indicating 

gaze location. Teachers watched both lessons and provided oral narrative throughout. The 

teachers’ narrations included descriptions of lesson events, rationales for instructional 

decisions, general statements of teaching philosophy, and acknowledgement of 

momentary allocation of attention as depicted in the videos. 

 

RESULTS 

 
Scribe analyses of all four videos indicate that the teachers’ lessons were quite 

similar in terms of number of rehearsal frames per lesson, frequency and types of 

instructional feedback and directives, the durations of student performance time, and 

mean durations of individual performance episodes. Both teachers made observable 

improvements in the students’ playing in all four lessons.   

 

Initial Performance by the Familiar Students  

 
When each student performed her piece at the beginning of the lesson, the 

teachers assessed the student’s playing and made preliminary judgments about where to 

begin instruction. Both teachers in both lessons stopped the students before they had 
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finished their pieces. We analyzed these initial periods of listening separately from the 

instructional period, which began at the conclusion of the students’ initial performance 

when the teachers began speaking.   

Gaze analyses during this portion of the lesson revealed that both teachers 

scanned the visual scene, making multiple fixations on visual targets that are relevant to 

violin playing (e.g., bow, bow hand, left hand/arm, right arm, bow contact point, torso, 

body of the violin, and the student’s face). Not all fixation targets were viewed with the 

same frequency or duration. During this initial observation period, teachers tended 

primarily to fixate visual targets that subsequently became the focus of instruction, which 

suggests a hierarchical prioritization in teacher gaze that reflects attention and planning 

(see Table 2.1). 
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Table 2.1  

Observation Data for Uninterrupted Student Performance with Familiar Student 

_______________________________________________________________________ 

 Artist Teacher Graduate Student 
_______________________________________________________________________ 
Performance Duration (s) 33 41 
N of Fixations 46 56 
N of Fixation Targets 5 8 
Mean Fixation Duration (ms) 636 598 
N of Fixations on Target of 1st Instructional Goal  37 20 
% of Total Fixation Time on 1st Instructional Goal 62 56 
_______________________________________________________________________ 
 
Note. N of fixations on target of 1st instructional goal indicates fixation was on a physical 
target relevant to the instructional goal immediately following the performance. Percent 
of fixation duration on relevant targets indicates the percentage of total fixation time 
spent fixated on targets important to the first instructional goal as defined by the teacher. 
 

In this portion of the video analysis, the teachers’ most frequent fixations and 

their last fixations before instruction commenced were on targets that were relevant to the 

first instructional goal (i.e., the first directive given by the teacher immediately following 

the performance). Figure 2.3 shows the percentages of total fixation time allocated to 

each physical target during the initial student performance. Both teachers fixated eight 

different targets. The target with the highest percentage of total fixation time, bow hand 

for the artist-level teacher and left hand for the graduate student, were targets that 

predicted the first lesson goal. Of the total fixation time (i.e., the sum of all fixation 

durations of 100 ms or longer), 62% of the artist teacher’s fixation time was devoted to 
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visual targets important for her first instructional goal: bow, bow hand, and bow contact 

point. Likewise, 56% of the graduate student’s total fixation time was devoted to targets 

relevant to her first instructional goal: the left hand.   

  

 

Figure 2.3. Percentages of total fixation duration during the familiar students’ initial 
performances. Data for the Artist Teacher are on the left in black; data for the Graduate 
Student are on the right in gray. Circles on the video images indicate approximate areas 
of fixation, and the sizes of the circles are proportional to the percentage of fixation time 
devoted to each location. Numbers in circles are percentages of total fixation time.  
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Instruction with the Familiar Students  

 
After the initial student performance assessment, the teachers identified the first 

proximal lesson goals and set to work. The artist teacher’s first instructional goal for the 

familiar student was to improve tone by lengthening the student’s bow strokes. All 

subsequent rehearsal frames were focused on improving tone and articulation by 

adjusting the bow, bow hand, and right arm. The graduate student’s first instructional 

goal was to improve intonation, specifically with the left-hand third finger. All 

subsequent rehearsal frames for the graduate student were aimed at improving intonation. 

Although the target area of interest was defined as the entire left hand, many of the 

graduate student’s fixations fell on the third finger of the student’s left hand.  

Table 2.2 shows that each lesson included five rehearsal frames. The artist teacher 

had more visual fixations, more fixations on targets important to the instructional goal 

(relevant), and a higher percentage of total fixation duration on important targets. For 

both teachers, the longest fixation during the lesson was directed at a visual target that 

was relevant to the momentary instructional goal.  
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Table 2.2 

 Observation Data for Instruction with Familiar Students  

_______________________________________________________________________ 
 Artist Teacher Graduate Student 
_______________________________________________________________________ 
Rehearsal Frames 5  5 
N of Fixations 401  342 
N of Fixations on Relevant Targets  269  151 
Mean Fixation Duration (ms) 494  357 
Longest Fixation (ms) 3894*  2857* 
Percent of Fixation Duration on Relevant Targets  86 71 
_______________________________________________________________________ 
Note. N of fixations on relevant targets indicates fixation was on a physical target 
relevant to the proximal goal as defined by the teacher. Percent of fixation duration on 
relevant targets indicates the percentage of total fixation time spent fixated on targets 
important to the immediate instructional goals as defined by the teacher. Asterisk 
indicates fixation was on a target important to the immediate instructional goal. 
relevant targets indicates the percentage of total fixation time spent fixated on targets 
important to the immediate instructional goals as defined by the teacher. Asterisk 
indicates fixation was on a target important to the immediate instructional goal. 
 

Figure 2.4 shows the percentage of total fixation duration allocated to targets for 

the entire lesson. Both teachers fixated primarily on visual targets that were relevant to 

accomplishing the overall lesson goal. Consistent with her goal of improving tone and 

articulation, 85% of the artist-level teacher’s fixation time was on the bow contact point, 

bow, and bow hand.  

Likewise, consistent with her goal of improving intonation, 70% of the graduate 

student’s fixation time was on the left hand. Table 2.3 shows the fixation results for each 

rehearsal frame. In all rehearsal frames, the artist teacher fixated longer on relevant visual 
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targets (both in terms of mean fixation duration and percentage of total fixation time) 

than did the graduate student. 

 

 

 
1% fixation time on scene around student                  4% fixation time on scene around student                   
                 1% on teacher’s hand 

Figure 2.4. Percentages of total fixation duration during the familiar students’ lesson. 
Data for the Artist Teacher are on the left in black; data for the Graduate Student are on 
the right in gray. Circles on the video images indicate approximate areas of fixation, and 
the sizes of the circles are proportional to the percentages of fixation time devoted to each 
location. Numbers in circles are percentages of total fixation time.  
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Table 2.3  

Rehearsal Frame Fixation Data During Instruction with Familiar Students 

_______________________________________________________________________ 
 Artist Teacher  
_______________________________________________________________________ 
    N of % of Fixation Dur    
RF Proximal N of M Fixation    Relevant       Relevant          Longest 
# Goal Fixations Dur (ms) Fixations        Targets           Fixation 
_______________________________________________________________________ 
1 Longer bows 65 487 52 89 1704* 
2 Bow alignment  79 535 58 86 3892* 
3 Bow weight 109 469 60 72 2573* 
4 Bow alignment 102 485 89 94 1604* 
5 Bow weight 46 509 31 87 2656* 
_______________________________________________________________________ 
 Graduate Student  
_______________________________________________________________________ 
1 3rd finger intonation 124 295 46 54   1787* 
2 3rd finger intonation 53 400 34 81   2857* 
3 2nd finger intonation 63 344 36 75   1336* 
4 2nd finger intonation 42 395 26 82   1536* 
5 Overall intonation 66 416 25  72 2037* 
 

Note. Asterisk indicates fixation was on a visual target relevant to the momentary 
instructional goal. N of relevant fixations refers to the number of fixations on targets 
important to the proximal goal. % of fixation duration on relevant targets indicates the 
percentage of total fixation duration for the rehearsal frame spent fixating targets relevant 
to the proximal instructional goal. 
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Initial Performance by the Novel Students  

 
Both teachers allowed the novel students to play longer than their familiar student 

had played before beginning instruction. There were also more fixations recorded during 

the novel student performances as a result of the extended observation time. The artist 

teacher exhibited fixation patterns very similar to those in the lesson with her own 

student. She scanned multiple targets on the student and on the violin, fixating primarily 

targets that were most relevant to the goal of the subsequent rehearsal frame. The artist 

teacher often fixated the left hand briefly when she noticed intonation problems, but 

quickly turned her gaze to the bow, bow hand, and bow contact point, all of which were 

consistent with her first instructional goal involving the bow hold.  

In contrast, the graduate student fixated two primary targets: the body of the 

violin and the left hand. Neither of these targets was relevant to her instructional goals, 

yet she continued to fixate these targets throughout the duration of the lesson (see Table 

2.4). The most striking difference between the two teachers in Table 2.4 is the amount of 

time fixating relevant targets. These data reflect a contrast in the teachers’ thinking when 

approaching an unfamiliar student. The artist teacher seemed to employ the same visual 

search routine that she had with her own student, whereas the graduate student’s visual 

attention appeared less focused on relevant points of interest. 
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Table 2.4  

Observation Data for Uninterrupted Student Performance with Novel Student 

_______________________________________________________________________ 
 Artist Teacher Graduate Student 
_______________________________________________________________________ 
Performance Duration (s) 60 69 
N of Fixations 73 80 
N of Fixation Targets 10 7 
Mean Fixation Duration (ms) 593 652 
N of Fixations on Target of 1st Instructional Goal  46 6 
Percent of Total Fixation Time on 1st Goal 70 3 
_______________________________________________________________________ 
 
Note. N of fixations on target of 1st instructional goal indicates fixation was on a physical 
target relevant to the instructional goal immediately following the performance. Percent 
of fixation duration on relevant targets indicates the percentage of total fixation time 
spent fixated on targets important to the immediate instructional goals as defined by the 
teacher. 
 

Figure 2.5 shows the percentage of total fixation duration allocated to individual 

targets during the initial performances by the unfamiliar students. The artist teacher spent 

the majority of the time focused on the bow hand and contact point. Both of these targets 

predicted the first instructional goal as identified by the initial teacher directive (see 

Table 2.6). The graduate student prioritized left arm, left hand, and the body of the violin 

during her observation of the initial student performance. None of these targets directly 

predicted her first teaching goal of improving bow distribution. 
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Figure 2.5. Percentages of total fixation duration during the unfamiliar students’ initial 
performance. Data for the Artist Teacher are on the left in black; data for the Graduate 
Student are on the right in gray. Circles on the video images indicate approximate areas 
of fixation, and the sizes of the circles are proportional to the percentages of fixation time 
devoted to each location. Numbers in circles are percentages of total fixation time. 

Instruction with the Novel Students  

 
After the initial assessment of student performance, the artist teacher spent the 

instructional period working to improve bow hold, bow alignment, and bow weight. The 

majority of the fixations throughout each rehearsal frame were related to the instructional 
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goals, and the majority of fixation time was on physical targets important to the 

instructional goals. The graduate student chose to work on improving articulation with 

longer bows, with the exception of the fifth rehearsal frame, during which she chose to 

address intonation. As was the case during the uninterrupted student performance, the 

graduate student spent the majority of the lesson fixating the body of the violin and the 

student’s left hand, targets not directly relevant to most of the her instructional goals. The 

one exception is the fifth rehearsal frame, when she attended primarily to the left hand 

and left arm as she addressed problems with left-hand intonation. Table 2.5 shows the 

rehearsal frame data for instruction with the novel student. Table 2.6 shows the fixation 

data in relation to the momentary instructional goals. 

Table 2.5  

Observation Data for Instruction with Novel Student 

_______________________________________________________________________ 
 Artist-Level Grad Student 
_______________________________________________________________________ 
Rehearsal Frames 6  6 
N of Fixations 377  352 
N of Fixations on Relevant Targets 319  32 
Mean Fixation Duration (ms) 619  522 
Longest Fixation (ms) 6999* 4160 
Percent of Fixation Dur on Relevant Targets               86                            3 
_______________________________________________________________________ 
Note. Asterisk indicates fixation was on a visual target relevant to the proximal 
instructional goal. Percent of fixation duration on relevant targets indicates the percentage 
of total fixation time spent fixated on targets important to the immediate instructional 
goals as defined by the teacher. 
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Table 2.6  

Rehearsal Frame Fixation Data During Instruction with Novel Students  

_______________________________________________________________________ 
 Artist Teacher  
_______________________________________________________________________ 
    N of % of Fixation Dur    
RF Proximal N of M Fixation Relevant      on Relevant       Longest 
# Goal Fixations Dur (ms)  Fixations        Targets           Fixation 
_______________________________________________________________________ 
1 Bow hand 56 396 44 77 1704* 
2 Bow alignment 82 776 72 96 6999* 
3 Bow weight 97 649 87 98 3641* 
4 Bow weight 47 760 43 79 4594* 
5 Bow stick over hair 74 461 55 88 2137* 
6 Bow alignment 21 671 18 95 2672* 
_______________________________________________________________________ 
 Graduate Student  
_______________________________________________________________________ 
1 Longer down-bow 81 375 5 4   4109 
2 Longer up-bow 60 559 2 2   3759 
3 Longer bows 
 & faster tempo 76 473 6 5   3675 
4 Longer bows 50 564 4 5   3724 
5 Overall intonation 19 696 12  83 3358* 
6 Consistent up bows 66 467 3 2   4160 

Note. Asterisk indicates fixation was on a visual target relevant to the momentary 
instructional goal. N of relevant fixations refers to the number of fixations on targets 
important to the proximal goal. % of fixation duration on relevant targets indicates the 
percentage of total fixation duration for the rehearsal frame spent fixating targets relevant 
to the proximal instructional goal. 
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8% of Fixation time on scene around student 

Figure 2.6. Percentages of total fixation duration during the unfamiliar students’ lesson. 
Data for the Artist Teacher are on the left in black; data for the Graduate Student are on 
the right in gray. Circles on the video images indicate approximate areas of fixation, and 
the sizes of the circles are proportional to the percentages of fixation time devoted to each 
location. Numbers in circles are percentages of total fixation time. 

 Figure 2.6 shows the percentage of total fixation duration allocated to targets 

during the instructional time. The artist teacher’s percentages of total fixation time reflect 

her attention to visual targets that were relevant to the instructional goals that she 

pursued. 86% of her total fixation time was on relevant targets. This was not the case 
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with the graduate student, whose visual fixations were primarily focused on left hand, left 

arm, and the body of the violin, though the instructional goals in 5 of 6 rehearsal frames 

involved the right hand and bow.  

 

Post-Hoc Narrative  

	  

One week after the lessons, the teachers viewed edited versions of their video 

recordings that included crosshairs depicting gaze and commented about what they 

noticed in the recordings. We gave no specific instructions about the content of their 

responses; we simply invited them to talk about the lessons and what they observed while 

watching the video recordings.  

The artist teacher described a process by which she begins each lesson, looking 

for physical cues that indicate physical inefficiency or a lack of “flowing” movement. 

She acknowledged that she heard notes that were out of tune (consistent with her brief 

fixations on the left hand), and explained that she had prioritized tone production in her 

brief lesson. The artist teacher spoke primarily about her teaching philosophy, which 

begins with setting up a relaxed physical posture that allows for robust sound.  

The graduate student spoke primarily about specific student and teacher behaviors 

that had occurred during the lessons. She spoke about her primary lesson goals with both 

students: intonation for her familiar student and bowing for the novel student. She was 

confident that both lessons had gone well, and she acknowledged from the beginning of 
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the viewing that the unfamiliar student’s left hand was very good and that she was going 

to work primarily on bowing. Yet, she was surprised to see that her gaze remained 

focused on the left hand and the body of the violin even when she was working on 

problems related to the bow. She explained that she might have been focusing on an 

unimportant target in the scene so that she could concentrate more on the sound produced 

by the student.  

 

DISCUSSION 

 
Our results are consistent with those of earlier studies investigating gaze in other 

domains of human behavior, which show that visual fixation is associated with the 

momentary deployment of attention to gather information that contributes to the 

accomplishment of ongoing behavioral goals (e.g. Hayhoe et al., 2005; Tatler et al., 

2011). In the present study, both teachers’ visual fixations were consistent with their 

proximal goals for instruction when they taught a familiar student. The artist teacher’s 

visual fixations were also consistent with proximal performance goals when she taught a 

novel student, but the graduate student’s fixations with the novel student were not 

focused on the most important aspects of performance, nor were they consistent with the 

goals identified in five of the six rehearsal frames in the lesson.  

Total fixation time on specific targets reflects the teachers’ prioritization of visual 

cues in the environment that assist in the diagnosis of problems and ongoing assessment 

of progress throughout instruction. The artist teacher’s fixations on relevant targets were 
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consistently longer and represented a higher percentage of total fixation time than were 

those of the graduate student. This was true with both a familiar and an unfamiliar 

student.  

Fixation data from the initial performance by the familiar student, during which 

the teachers assessed the students’ playing, revealed that both teachers scanned multiple 

visual targets but quickly prioritized targets that were important for accomplishing the 

first lesson goal. During the initial performance, both teachers devoted increasingly 

greater time fixating visual targets that were relevant to the proximal goal of the first 

rehearsal frame. The final fixations during the students’ uninterrupted performances were 

also directed to visual targets that were important for accomplishing the first proximal 

goal that the teachers identified. This result was true for both familiar and novel students 

for the master teacher, but only for the lesson with the familiar student in the case of the 

graduate student.  

In many cases, we observed the artist teacher saccade to a salient student target 

for a brief moment (e.g., the left hand following an out-of-tune note), but then return to a 

visual target related to her immediate instructional goal. These gaze behaviors are 

consistent with the notion that the master teacher prioritized student cues that were most 

important for accomplishing her instructional goals, not only those that were most salient 

in the moment. The differences between the two teachers’ records of gaze could be 

interpreted as indicators of visual acquisition of task-directed information. It is also 

possible that fixation patterns during the initial student performances were indicative of 

task-directed sequential patterns of gaze.  



 57 

Differences between the artist teacher and graduate student during the lessons 

with the novel students were pronounced. The percentage of each rehearsal frame 

engaged in relevant fixations was high for the artist teacher, as was the case during her 

lesson with the familiar student. In five of six rehearsal frames in the lesson with the 

novel student, the majority of the graduate student’s fixation time was on targets that 

were not directly related to each rehearsal frame’s instructional goal. It may be that the 

cognitive load for the graduate student working with a novel student was such that she 

was unable to obtain visual information optimally. It could also be that she was fixating a 

stable point in the scene to concentrate more on the auditory stimulus, as she explained in 

her post-hoc interview.  

It is important to consider that our analysis of visual fixations does not account for 

information obtained through the auditory stream, which of course is a central aspect of 

instrumental performance. Our initial data show that fixations are related to and may 

serve as indicators of cognitive attention and lesson goals. It remains unclear how the 

sensory integration of visual and auditory signals function in music teachers’ thinking.  

Our research effectively demonstrates the utility of recording gaze as a window 

into the thinking of practicing teachers. The data from two highly skilled professionals 

demonstrate that visual fixations are in fact indicative of cognitive attention, processing, 

and the formulation and implementation of instructional strategies. 
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Chapter 3: Analysis of gaze among skilled string teachers observing a 
violinist with and without sound 

 
In perceiving the natural world, the brain integrates afferent signals from the 

various sense receptors and constructs a coherent image of the environment. Although it 

appears to our conscious selves that we see with our eyes and hear with our ears, in 

actuality we see, hear, feel, smell, and taste with our brains.  

This proposition is easily confirmed by everyday evidence, which reveals that 

different individuals viewing the same scene do not perceive all of the scene’s constituent 

parts in exactly the same ways. Instead, individual brains bring to bear on perception the 

histories that are recorded in memory. What we sense as our perceptions are not high 

fidelity recordings of the elements of natural world, but are interpretations of what we 

experience in light of our expectations, which are based in part on what we have 

experienced in the past. 

The potential for different senses to influence the perceptions of other senses is 

perhaps most dramatically demonstrated in the McGurk effect (Mcgurk & Macdonald, 

1976), a phenomenon in which visual information gained from observing the mouth of a 

person talking determines the auditory perception of phonemes that are heard by the 

listener. This is just one example of sensory integration, the brain’s capacity to 

incorporate information from various immediate input streams and combine them to 

create a coherent representation of reality. This type of integration is most often 

advantageous, but it can also lead to misperceptions of environmental stimuli.  
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Most individuals navigate the world quite effectively without realizing that only a 

very small portion of the visual scene is actually in focus at any given moment. The point 

of central focus for light entering the eye is a small (approximately 1.5 mm) depression at 

the back of the eye, opposite the pupil, called the fovea. This region contains densely 

packed photoreceptor cells, the signals from which create only a small patch of high-

acuity vision. How then does the brain create the perception of a focused view of the 

world when most of the visual field is not sharply focused?  

In every day scene perception, our eyes engage in rapid, ballistic movements 

called saccades, which reorient the fovea to fixate important visual information. Saccadic 

eye movements and fixations have been found to reliably reflect focus of attention and 

researchers have long understood that eye movements are intimately connected to 

behavioral goals. In his landmark study, Yarbus (1965) found that various spoken cues 

given to participants while they observed a painting changed their eye movements and 

fixations, reflecting momentary goals.  

More recently, researchers have investigated in laboratory settings how various 

auditory stimuli affect both eye movements and perceptions of events (Engelken & 

Stevens, 1989; Hashiba, Matsuoka, Baba, & Watanabe, 1995; Schaefer, Süss, & Fiebig, 

1981; Sekuler, Sekuler, & Lau, 1997). These studies often involve the presentation of an 

auditory stimulus in darkness or in relation to a moving object on a screen and measure 

the frequency, amplitude, latency, and duration of saccades at the onset or change of the 

sound. Findings from studies show that presence, absence, or changes in sound alter 

participants’ eye movements and their perceptions of events when watching a screen. In 
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these investigations, however, sounds are typically presented in ways that would not 

occur in the natural world, creating dissonance between participants’ expectations of 

natural sound and sight pairings. No studies have explored the effect of auditory stimulus 

on deployment of gaze in real-world settings involving music. 

Recent evidence suggests that gaze patterns are linked to working memory, 

mental models, and reward (Hayhoe & Ballard, 2014; Hayhoe et al., 2007) and that 

fixations are selected based on the immediate requirements for reaching behavioral goals. 

Thus, memory, scene interpretation, and behavioral goals play integral roles in 

determining where to fixate (Hayhoe & Ballard, 2005).  

Over years of accumulated experiences, expert teachers learn where and when to 

direct their attention in assessing, planning, and implementing instruction. Because 

experts have vivid mental models of the physical and auditory aspects of high quality 

music making, they are able to compare those models to what they see and hear in the 

work of students they are charged to teach. It seems reasonable that teachers’ patterns of 

gaze are shaped by reward as it relates to the accomplishment of musical goals.  

In the first of three investigations (see Chapter 2), we monitored the gaze of two 

string teachers (one artist teacher, one skilled graduate student) teaching 5-min violin 

lessons. After identifying the rehearsal frames in each lesson video, partitioning the 

recordings into discrete time intervals devoted to the accomplishment of proximal goals, 

we examined the target location, frequency, and duration of teachers’ visual fixations and 

compared the data to the instructional goals in each rehearsal frame. We found that visual 

fixations reflected teachers’ attentional focus and were related to aspects of the students’ 
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behavior that were relevant to the accomplishment of the goals defined by the teachers. 

The artist teacher’s fixations aligned closely with the proximal performance goals during 

both lessons—with a familiar and with an unfamiliar student. The graduate student’s 

fixations with the familiar student were much like the artist teacher’s, but with the 

unfamiliar student, her fixations were often not focused on the most important aspects of 

the student’s performance, nor were they consistent with the goals she identified during 

the lesson. 

These data reveal tantalizing relationships between gaze and expertise in music 

teaching. The extent to which music teachers obtain information from auditory signals 

that are decoupled from visual focus is as yet unclear. Some musicians and music 

teachers assert that they sometimes avert their gaze away from what they are listening to 

in order to hear more clearly. This assertion has never been subjected to empirical test, 

however.  

It seems important in extending this line of research to determine the extent to 

which the gaze patterns of experienced string teachers are perturbed by removing the 

sounds produced by a performer they observe. Of course, the sound produced by an 

instrument or voice is the ultimate goal of any music performance, and experienced 

teachers can diagnose many physical problems with instrument playing and singing 

without having to see the one producing the sound. But the extent to which experienced 

teachers’ patterns of gaze are determined primarily by sound production has yet to be 

investigated.  
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The present study explores this question by having experienced string teachers 

observe a video recording of a violin student with and without the sound present. If music 

teachers’ visual fixations are affected by the presence or absence of sound, this might 

indicate that tracking visual fixation does not fully capture music teachers’ allocation of 

attention. If patterns of visual fixations are unaffected, then we may conclude that music 

teachers’ fixation behavior in this context may indeed reflect cognitive attention.  

 

METHOD 
 
 We recorded the gaze of eight skilled violin teachers as they observed a large 

video projection (6 ft by 6 ft) of a female violinist performing a 1-min portion of the 

“Arioso” from Cantata no. 156 by J.S. Bach. The violinist was a senior in high school 

who had studied violin for eight years at the time of the study. 

 

Participants 

 
Participants were highly skilled string teachers with at least five years experience 

as classroom and studio instructors. All held undergraduate, masters, or doctoral degrees 

in music education or music performance. Participants were recruited from professional 

and educational music organizations within the community. All volunteered to participate 

in the study and received no compensation for their participation. The procedures were 

approved by the Institutional Review Board of The University of Texas at Austin.  
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Procedure 

 
Each participant was tested individually in a large classroom. After being fitted 

with a Positive Science mobile eye tracker to record eye movements (refer to Ch. 2 

methods for details regarding hardware and software), each participant viewed the 

student performance video twice. After each viewing the participant was asked to give 

three statements about the performance, as if they were about to commence instruction 

with the student. After the second viewing, they were told that their statements could be 

the same as before or could focus on new aspects of the student performance that they 

noticed in the second viewing.  

We arranged the video presentations to evaluate the consistency of gaze between 

two successive observations and to evaluate the extent to which the presence or absence 

of an audio signal affected allocation of gaze. To accomplish this, we presented the video 

with and without sound in a fully counterbalanced design. 

Two participants viewed the video with sound in both the first and second 

presentations (S-S), and two different participants viewed the video without sound in 

both the first and second presentation (NS-NS). Two other participants viewed the video 

with sound in the first presentation and without sound in the second (S-NS), and the last 

two participants viewed the video without sound in the first presentation and with sound 

in the second (NS-S). Viewing conditions were assigned randomly to participants.  

Participants stood approximately 12 feet in front of a 6 x 6 ft video projection 



 64 

screen as they viewed the presentations. Sound was presented through two high quality 

stereo speakers mounted on either side of the screen.  

After the first viewing and stating their observations, participants completed a 

short form describing their teaching experiences. They then watched the same video 

projection again with or without the sound, and again described what they noticed.  

 

Data Analysis 

 
We analyzed the recordings of gaze using GazeTag® software, allowing us to 

isolate every visual fixation of 100 ms or more throughout the observation period. We 

identified points of fixation according to visual target (e.g., bow hand, left hand, bow 

contact point, face), and we interpreted fixations as evidence of momentary locus of 

attention. The coding software provided the precise sequence and timings of fixations for 

each video. We also transcribed the participants’ statements.  
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Figure 3.1. Still frame picture of eye-tracking video showing crosshair location of teacher 
fixation and eye camera 

 

RESULTS 

 
 Target selection and fixation duration results indicate that participants viewed the 

student performances in similar ways between the first and second presentations, 

regardless of the presence or absence of an auditory stimulus, F(3,4) = 1.15, p = .43 (see 

Figure 3.5). Visual targets included bow, bow hand, bow contact point, left arm, left 

hand, legs/feet, right arm, room not student, student face, student torso, and violin. On 

average, teachers fixated seven targets in the first viewing and seven targets during the 

second viewing. By far, the most common fixation targets were bow hand, left hand, and 

bow contact point. Table 3.1 shows the mean fixation duration for fixations during the 

first and second viewings and viewings with or without sound.  
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Table 3.1  

Mean Fixation Durations for All Teachers During the First and Second Viewings With 
and Without Sound   

_______________________________________________________________________  
                                                 1st Viewing     2nd Viewing    Sound No Sound 
_______________________________________________________________________ 
Mean Fixation Duration  (ms)                834       881   860 855 
_______________________________________________________________________ 
 

Figure 3.2 shows mean percentages of total fixation duration for all viewings with 

sound (S) and without sound (NS), irrespective of order of presentation. Bow hand, 

contact point, and left hand account for the majority of the percentage of attention. All 

other targets received less than 10% of the total fixation time regardless of condition or 

viewing order. Figure 3.2 shows that there was no more than a 4% difference in 

percentage of total fixation time allocated to any individual target for viewings with and 

without sound. Teachers fixated primarily on the bow hand and left hand regardless of 

whether they could hear the student playing.  

We also looked at the differences between the first and second viewing, 

irrespective of whether the sound was on or off (see Figure 3.3). The primary targets are 

the same in both viewings, but from the first viewing to second viewing, the percentage 

of fixation time on the bow hand decreased by 8% and increased for the contact point by 

7%.  
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Figure 3.2. Mean percentage of total fixation duration per target viewings with and 
without auditory stimulus 

 

 

Figure 3.3. Mean percentage of total fixation duration per target viewings 1 and 2 
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Figure 3.4 shows the change in percentage of fixation time for each participant 

from Viewing 1 to Viewing 2. This value represents each participant’s shift in allocation 

of visual attention after watching the performance the first time. We obtained each 

participant’s change score by summing the absolute difference between the percentages 

of time on each target in Viewing 1 and Viewing 2 and dividing the total by 2. We 

included in this calculation only targets that were fixated in at least one of each 

participant’s two viewings.  

Individual participants varied in the extent to which their attention shifted 

between the two viewings with differences ranging from 10.5 to 37 percent, but there 

seems to be no discernible effect attributable to the presence or absence of sound. In the 

individual participant data that follow there are few instances of large shifts in fixation 

time among targets. Moreover, participants who had a stable auditory condition (S-S or 

NS-NS) did not allocate a higher or lower percentage of fixation time to new physical 

targets than did those who had a changing auditory condition (S-NS or NS-S).  

Of course, given the physical mechanisms for producing sound on a violin, there 

are a limited number of meaningful points of visual focus that an informed teacher would 

attend to. The fundamentals of tone production are arrayed in a hierarchy of importance; 

the bow arm, hand, bow, and the bow’s contact with the string are the defining features of 

tone production; the left arm, hand, and fingers of the left hand control pitch. 
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It is also important to consider that different points of focus vary in their 

complexity. Information about the position of a performer’s feet, which contribute to the 

body’s balance and stability, can be grasped with little more than a brief glance. 

Movement of the right arm and bow are far more complex and thus seem to require more 

sustained attention. 

 

 

Figure 3.4. Percentage differences in overall fixation time between each participant’s first 
and second viewings in each condition.  

 
 

We present below the fixation data for individual participants, together with their 

comments following each viewing (Figure 3.5 through 3.12). Participants’ verbal reports 
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asked to report at least three observations from a given viewing, participants talked about 

what they had fixated most. Figure 3.5 displays the percentages of total fixation time 

allocated to each target in the first and second viewings for Participant 1, who heard the 

sound of the recording on the first viewing and on the second.   
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Teacher 1 Viewing 1(Sound)       Teacher 1 Viewing 2 (Sound) 

      
Comments 1            
1. Student has expressive fat vibrato        
2. Issue with her stance, she needs to widen    
3. Bow is drifting                        
 
Comments 2 
1. Everything was confirmed 
2. I would adjust bow hold to avoid drifting  
3. Change her stance 
4. Go on to work on left hand shifting 

Figure 3.5. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 1 (S-S) 
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Teacher 2 Viewing 1 (No Sound)  Teacher 2 Viewing 2 (Sound) 

       
Comments 1     
1. Student needs to adjust bow hand (pinky)     
2. Bow distribution needs to be varied, probably a lack of phrasing    
3. Student needs to adjust the angle of left hand knuckles     
4. Vibrato in the pinky probably sounds bad  
 
Comments 2     
1. Same things I said the 1st time     
2. Bow hand pinky issue     
3. Swells within notes all of the time without intent     
4. Vibrato bad in pinky and 3rd finger     
5. Might need to adjust the placement of the violin on the shoulder 

Figure 3.6. Percentage of total fixation time on targets during viewings 1 and 2 for  
 Teacher 2 (NS-S)  
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Teacher 3 Viewing 1 (Sound)      Teacher 3 Viewing 2 (No Sound) 

      
Comments 1     
1. Airiness of sound (bad tone)     
2. No flexibility in bow hand     
3. Not supporting the bow (pinky issue)     
4. Vibrato was ok     
5. Feet might contribute to lack of weight in bow     
 
Comments 2     
1. Not using her body weight for tone production     
2. I was looking for where the tone issue started     
3. Not enough bow length     
4. I could tell she had bad tone just watching without sound  

Figure 3.7. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 3 (S-NS) 
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Teacher 4 Viewing 1 (No Sound)  Teacher 4 Viewing 2 (No Sound)           

        
Comments 1   
1. Body balance is off, feet spread, shoulders slump   
2. Violin is droopy   
3. Bow arm, left hand will be freer if she lifts violin   
4. Right shoulder issues caused by placement of the instrument   
5. Contact point is compromised    
6. Not drawing a straight bow   
 
Comments 2   
1. Violin placement needs to me more open, body more balanced   
2. Lifting will open up left hand (head)   
3. Lack of flexibility in the upper arm  

Figure 3.8. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 4 (NS-NS)  
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Teacher 5 Viewing 1 (Sound)        Teacher 5 Viewing 2 (Sound) 

      
Comments 1    
1. Bow Pinky is Straight    
2. Contact Point too close to fingerboard     
3. Left hand wrist shape is poor, out of tune    
    
Comments 2    
1. Needs to relax bow hand    
2. Note starts with funny tone    
3. Contact point a result of droopy left hand    
4. Left wrist needs improvement  

Figure 3.9. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 5 (S-S) 
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Teacher 6 Viewing 1 (No Sound)  Teacher 6 Viewing 2 (No Sound) 

       
Comment 1 
1. Bow hand not flexible 
2. Legs/feet stiff not stable 
3. Left hand set up good 
4. Bow straying quite a bit 
 
Comments 2 
1. At the frog she contracts in with both arms/hands 
2. Where is the weight of the violin on the shoulder? 
3. Sound probably very stagnant/no variety 
 

Figure 3.10. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 6 (NS-NS) 
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Teacher 7 Viewing 1 (Sound)       Teacher 7 Viewing 2 (No Sound) 

      
Comments 1   
1. Sound is scratchy because contact point bad   
2. Left hand is out of tune during shifting   
3. She should start vibrato before bowing   
   
Comments 2   
1. Feet are too close together   
2. She has a very good right wrist   
3. There is an inch or two of bow not being utilized   
4. Her vibrato is not always consistent    

Figure 3.11. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 7 (S-NS) 
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Teacher 8 Viewing 1 (NS)            Teacher 8 Viewing 2 (S)  

      
Comments 1    
1. Her legs are not supporting her    
2. She needs to adjust her upper body    
3. Her bow hold needs improvement    
4. I would work on her right arm elbow/shoulder    
5. Work on balance across the upper body    
    
Comments 2    
1. Her upper body is compromised     
2. There is some left hand tension    
3. I would start with adjusting the legs to support her  

Figure 3.12. Percentage of total fixation time on targets during viewings 1 and 2 for 
Teacher 8 (NS-S) 
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DISCUSSION 
 

We examined the gaze of eight experienced violin teachers as they watched two 

presentations of a large video projection of a violinist playing a brief music excerpt. The 

prioritization of attentional focus varied among participants, even though there are few 

strategic locations on which an experienced teacher would be likely to focus visual 

attention in this context. Somewhat surprisingly, we found no systematic differences in 

fixations between presentations with and without the presence of sound, although 

individual participants varied in their allocations of visual attention. 

Across all viewings, the most fixated physical targets were the bow hand and left 

hand, and these targets were important to the stated teaching goals and observations of 

the participants. The point of contact between the bow and the string was the third most 

fixated target in terms of percentage of total fixation time. The dynamic interactions 

among these three variable—contact point, bow hand, and left hand—are fundamental 

aspects of tone production, intonation, articulation, and expression.  

Seven of eight teachers noted that the violinist’s stance did not look balanced and 

commented on the positioning of her legs and feet. Yet, they spent very little time 

fixating these aspects of the violinist’s playing. This illustrates, perhaps, the differences 

in fixation time necessary to gather meaningful information about the variables in an 

observation. Holding and moving the bow involve greater dynamic complexity, and thus 

may require more time to process than do physical stance and balance. In addition, 

moving targets require heightened monitoring over time. 
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It is undeniable that sound is inherently the most important aspect of musicianship 

and that highly skilled music teachers are listening during instruction to compare the 

student performance to their own mental models of expressive music making. This 

experiment was prompted in part by some musicians’ and music teachers’ assertions that 

they sometimes look away from the sound source to focus primarily on their auditory 

perceptions. And teachers and conductors do in fact occasionally look away from the 

sound source they are evaluating. This led us to investigate whether current 

interpretations of gaze analyses in domains that do not depend on an auditory component 

were applicable to music contexts, where the auditory signal is the ultimate goal of 

observable behavior. 

We found that patterns of fixation did not seem affected by the presence or 

absence of sound. Of course, in the present investigation participants viewed a video 

projection and not a live performer, and it is yet to be determined whether gaze patterns 

would differ in more authentic environments. Our data demonstrate, however, that 

experienced teachers do not seem to change their patters of gathering visual information 

in the presence of a sound signal, but avail themselves of all of relevant information in a 

scene. 
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Chapter 4: Perceptual acuity and expertise: analysis of visual attention 
and music teaching 

 
As humans navigate the world around them, their perceptions of visual scenes 

vary depending on their memories, expectations, and goals. Thus, different individuals 

viewing the same scene may experience what they see in vastly different ways. Decades 

of research have shown that learning more about individuals’ allocation of visual 

attention illuminates many covert aspects of information processing. Because the eyes 

play a central role in movement planning and goal-directed behavior, their movements 

may serve as indicators of attention (see review Land & Tatler, 2009).  

Most studies of visual processing are predicated on the notion that visual fixations 

are indicative of cognitive attention and that rapid eye movements from one fixation 

point to another (scanning saccades) are typically voluntary movements that are preceded 

by an attentional shift to a relevant visual target (Gottlieb, 1998; Kowler et al., 1995). 

With the advent of a lightweight, portable eye-tracking equipment, researchers are now 

free to explore questions of attention and processing by examining gaze in almost any 

environment. Eye-tracking technology has been employed to study prediction, 

processing, planning, and navigation during everyday behaviors such as walking, driving, 

washing hands, making a sandwich or a cup of tea, and playing sports (e.g. Turano & 

Geruschat, 2002; Kandil & Rotter, 2009; Land & Lee, 1994; Land & Mcleod, 2000; Land 

et. al, 1999; Hayhoe & Land, 2001; Pelz & Canosa, 2001; Hayhoe et al., 2005). Findings 

from these studies suggest that fixations are almost exclusively directed at targets 

important for reaching an immediate behavioral goal and reflect a sequential 
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understanding of the task that is based on working memory and mental models. Eye 

movements adjust to the dynamic properties of the specific task to inform moment-to-

moment motor control. Whether reading, playing chess or driving a car, dynamic 

indication of gaze provides insight into where attention is directed and is a marker for 

information processing (Just & Carpenter, 1980).  

Until very recently, analysis of gaze has not been employed in the context of one-

on-one teacher-learner interactions, however. Unlike some of the real-world tasks in 

which gaze has been studied in natural environments, the interactions between teachers 

and learners involve multiple dimensions and seemingly innumerable complexities. Yet, 

the case of music teaching and learning may provide propitious opportunities to study 

teacher thinking, in that a learners’ progress moment to moment is immediately 

observable by the teacher and by an observer. Decades of research in teaching has 

demonstrated that effective teacher planning, perception, action, and responsiveness to 

learner behavior are defining features of teacher expertise, but probing the processes 

involved in teacher thinking has been exceedingly difficult.  

Eye-tracking methods have been used to study expert thinking and behavior in 

domains as varied as sports, chess, aeronautics, and medicine. Gegenfurtner et al. (2011) 

compiled a detailed review of this research, which has revealed important differences 

between experts and nonexperts in the allocation of visual attention. Reingold (2001), for 

example, found that the average fixation durations of expert chess players examining the 

chessboard and planning moves were longer than the fixations of intermediate players. 
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Experts’ fixations also tended to cluster in the area of the most advantageous upcoming 

moves (Reingold et al., 2001).  

Studies of gaze in activities as varied as chess (Reingold, 2001), soccer (Helsen & 

Starkes, 1999), and aviation (Schriver, Morrow, Wickens, & Talleur, 2008) have 

demonstrated the utility of analyzing gaze as a means of understanding expert thinking. It 

seemed appropriate, then, to apply this approach to studying expert thinking in music 

teaching. We chose to study teachers of the violin, because string instrument performance 

involves movements of the body that are fully in view of the teacher. Unlike singing or 

wind instrument playing, in which much of performers’ relevant motor behavior is 

invisible to an observer, string instrument performance affords opportunities to observe 

the behavior of teachers in relation to the visible physical behavior of learners. 

During individual string instrument lessons, teachers monitor and process 

auditory and visual information that informs instructional decision making. As in nearly 

all domains of human activity, the selection of visual targets on which teachers focus 

combines procedural and episodic memory (including auditory and visual images of 

idealized performances), expectations (predictions based on an extensive record of past 

experiences), and goals (intentions for short- and long-term student accomplishment).  

When observing students, expert teachers clearly differentiate between 

information that is functionally important and information that is merely salient. In fact, 

over the course of the development of teacher expertise, aspects of the environment that 

were once unnoticed, despite their importance, become increasingly salient.  
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Research in music education over time developed an increasingly elaborate 

description of music teacher expertise based on systematic observations of teacher 

behavior in varied instructional settings (e.g, Abeles, 1975; Benson & Fung, 2004; Cavitt, 

2003; Colprit, 2000; Duke, 1999; Duke & Simmons, 2006; Goolsby, 1996; Hendel, 1995; 

Price, 1983a; Siebenaler, 1997; Standley & Madsen, 1991; Yarbrough & Price, 1989). 

Studies of specific teacher behavior in context (Davis, 1998; Duke & Blackman, 1991; 

Duke & Henninger, 2002; Duke & Simmons, 2006; Dunn, 1997; Goolsby, 1996; Hendel, 

1995; Henninger, Flowers, & Councill, 2006; Kostka, 1984; Moore, 1976; Moore & 

Bonney, 1987; Price, 1983; Speer, 1994; Taebel, 1990; Wagner & Strul, 1979; Worthy & 

Thompson, 2009; Yarbrough & Price, 1989) demonstrate rather consistent differences 

between experts and non experts in terms of the sequencing and timing of various aspects 

of instruction.  

In their seminal paper The Nature of Expertise, Duke and Simmons analyzed the 

teaching of renowned artist teachers and identified 19 common elements of the 

instructional practices that defined their expertise. Results of the analysis showed that 

expert thinking focuses attention on important aspects of expressive, artistic performance 

that are organized around fundamental principles related to the physical motions involved 

in instrument playing and those involved in artistic expression.  

This is consistent with what many musicians who have been the beneficiaries of 

great teaching, either their own teacher or by a guest artist in a master class, have 

experienced: Experts help students notice physical and musical aspects of their playing 

that were otherwise not apparent. Of course, they accomplish this because they, the 



 85 

experts, notice aspects of musical behavior that are often unobserved by nonexperts, but 

are nevertheless necessary components of effective performance.   

In an earlier study (see Chapter 2), we found that two skilled violin teachers 

teaching individual students primarily fixated visual targets that were relevant to their 

proximal instructional goals. This result is consistent with the findings of other research 

that examines eye movements during natural tasks, namely, that individuals fixate targets 

that provide information required to accomplish behavioral goals (Hayhoe et al., 2007). 

Given the wealth of behavioral literature that describes the central features of 

expert teaching in music and that documents differences among teaching skill levels—in 

terms of lesson organization, goal selection, verbal behavior, and use of time—we 

examined teachers’ deployment of attention by measuring visual fixations while teachers 

worked to bring about changes in students’ instrumental performance. In the current 

study, we describe differences in gaze that may be indicative of differences in thinking by 

relating gaze analysis data to behavioral observations of teaching.  

 

 

METHOD 

Participants 

 
Participants were four violin teachers, all of whom were teaching in The 

University of Texas String Project, a community music program of the Sarah and Ernest 

Butler School of Music. Teacher 1, a novice undergraduate junior, was a violinist 
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enrolled in the School’s teacher preparation program and had had three years of teaching 

experience in small group and private settings. The faculty in Music and Human Learning 

at the university identified her as being in the early stages development as a teacher. 

Teacher 2, a highly skilled undergraduate, was a senior violinist in the teacher 

preparation program with more than five years of teaching experience and who had just 

completed his bachelor’s degree. Teacher 3, an advanced graduate student, was a 

certified music teacher with over 10 years experience teaching in classrooms and private 

studios who had worked as a teacher and as the assistant director of the String Project. At 

the time of the study she was a PhD candidate in Music and Human Learning. Teacher 3 

was considered by the faculty in Music and Human Learning to be an exemplary teacher. 

Teacher 4, an artist teacher, was a professor of Music and Human Learning and the 

director of the String Project. She is internationally recognized as a leading expert in 

string education with nearly 40 years of experience.  

Each of the four teacher participants brought one of his or her private students to 

participate in the project. Students, three females and one male, ranged in age from 8 to 

12 years old.  

Equipment 

 
Each teacher taught one five-minute lesson while wearing a head mounted mobile 

eye tracker. See the method section of Chapter 2 for details regarding hardware and 

software used in this study. 
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Procedure 

 
All lessons began with a brief student performance of a piece the students had 

been working on with their teachers in previous lessons. After the initial student 

performances, the teachers began working to improve aspects of the students’ playing 

that were identified by the teachers ad hoc. Students were told that the quality of their 

playing would not affect the study, but were asked to play to the best of their ability. 

Teachers were given no specific instruction other than to teach as they would during a 

typical lesson. Teacher and student were told when the 5-min lesson time had lapsed, 

although some lessons continued until the teachers determined that they had reached an 

appropriate stopping point. We did not analyze data beyond the 5-min interval.  

We first partitioned the lesson videos into rehearsal frames (see Chapter 2 for a 

full description of the procedure). We analyzed the rendered Yarbus® videos of each 

lesson, including the crosshair indication of gaze, using GazeTag® software, which 

identified every instance of a visual fixation longer than 100 ms. Fixations were then 

labeled according to target. 

 Physical targets in the visual field of the teacher included the bow, bow hand, 

bow contact point, chin rest, face, left arm, left hand, right arm, room, teacher hands, 

student torso, violin. In addition to identifying every instance of fixation throughout the 

four lesson videos and coding them with a target, we described the lesson activities 

occurring at the precise fixation time for every fixation. Within each lesson, we analyzed 

the initial student performance and each rehearsal frame separately, aligning the fixation 
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targets with the ongoing instructional goals for each teacher. In each rehearsal frame, we 

calculated the percentage of total fixation time per target and compared these percentages 

to the proximal instructional goal.  

 

RESULTS 

Lesson Descriptions 
 

 Even informal observations of the four lessons revealed important differences 

among the teachers and their approaches to instruction. The success of the students in 

each lesson was, unsurprisingly, commensurate with the skill evidenced by the teacher. 

More detailed analyses provide data that in many ways explain the nature of the more and 

less successful examples of teaching. Table 4.1 presents the Scribe observation data for 

the observable events in each of the four lessons. 

 

Novice undergraduate. The novice undergraduate’s student performed repertoire that was 

poorly suited to his level of technical proficiency. The fact that the teacher had selected 

music that was too difficult for the student made it especially challenging for the teacher 

to select and sequence instructional goals effectively. There were only two identifiable 

rehearsal frames in the lesson (see Table 4.1), which addressed instructional targets (bow 

direction in two different sections of the piece) that were relatively low priorities given 

the many problems the student struggled with. Yet, the teacher ignored serious 

fundamental problems in the student’s playing.  
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The mean duration of the two rehearsal frames was three times the mean duration 

of the rehearsal frames in the lesson taught by the artist teacher, a further indication that 

the instructional targets were not effectively accomplished. This has as much to do with 

goal selection as with the instructional procedures that the rehearsal frames comprised. 

The mean episode durations of teacher and student activity were also twice the durations 

of the episode durations in the lesson taught by the artist teacher, which reflects a slow 

pace of instruction and is primarily a function of the student’s playing sections of music 

in each performance trial that were longer than appropriate given the target goal. This 

also coincides with a low rate of verbal directives, and despite the student’s consistently 

poor performance, the teacher gave more positive than negative verbal feedback. Her rate 

of feedback was half that of the artist teacher. As a result of these limitations, the student 

made few discernible improvements in performance.  

 

Advanced undergraduate. The advanced undergraduate’s student performed a short solo 

that was appropriate for her level of technical proficiency. Because the student could 

execute the technical aspects of the repertoire, the teacher was able to select meaningful 

instructional goals and follow them through to their accomplishment in three rehearsal 

frames. Instruction was centered on bowing technique and adherence to a stable tempo. 

The mean episode durations of teacher and student activity were twice the durations in 

the lessons taught by the advanced graduate and artist teacher. The longer episode 

durations, a result of the students’ playing longer selections from the solo and the 

teacher’s extended verbalizations, reflect a slower pace of instruction. There were few 
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instances of positive feedback from the teacher, but there were more negative feedback 

statements than were observed in the lesson taught by the novice undergraduate. The 

teacher made noticeable improvements in student performance.   

  

Advanced graduate student. The advanced graduate’s student performed repertoire that 

was well suited to her level of technical proficiency. The teacher quickly identified 

intonation errors and proceeded to refine the student’s intonation in five subsequent 

rehearsal frames. The mean durations of episodes of teacher and student activity were 5 s 

and 6 s, respectively, indicating a rapid pace of instruction. There were many more 

instances of verbal directives and feedback than there were in the lessons taught by the 

two undergraduates. The teacher’s feedback in this lesson was also highly specific. The 

teacher quickly identified achievable proximal goals and structured sequences of 

performance episodes that led to their successful accomplishment.  

 

Artist teacher. The artist teacher’s student performed a technically challenging piece that 

was well suited to her level of technical proficiency. The teacher identified several 

proximal goals involving the bow in an effort to improve articulation and tone 

production. There were five rehearsal frames in the lesson. The episodes of teacher and 

student activity were very brief, resulting in a rapid instructional pace characterized by 

short, pointed teacher verbalizations and student performances of short passages in the 

music. The quick alternation between teacher and student activity, similar to that 
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observed in the advanced graduate student’s lesson, is indicative of progress through a 

well-structured instructional sequence.  

Table 4.1  

Descriptive Data for Rehearsal Frames, Teacher and Student Activity, and Teacher 
Verbalizations in Four Lessons  

_______________________________________________________________________ 
  Novice Experienced Advanced Artist 
  Undergrad Undergrad Graduate Teacher 
_______________________________________________________________________ 
N of Rehearsal Frames 2 3 5 5 
Teacher Talk (%) 28 39 44 36 
Student Play (%) 69 59 52 63 
M Teacher Episode Dur. (s) 9 10 5 4 
M Student Episode Dur. (s) 13 14 6 7 
N of Positive Feedback  13 6 7 15 
N of Negative Feedback 2 3 11 13 
N of Directives  14 18 23 35 

_______________________________________________________________________ 
Note. Percentages (%) of Teacher Talk and Student Play refer to the proportions of the 
total duration of each lesson. Mean (M) episode durations are the mean durations of all 
episodes of Teacher Talk and Student Play, including the initial student performance.  
 

 Teachers’ Visual Fixations 

 
 We examined visual fixations in relation to instructional goals in each rehearsal 

frame in each lesson. Figures 4.1-4.4 and Table 4.2 display the percentages of total 

fixation time devoted to each visual target during the students’ initial performances that 

began each lesson.  
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The durations of the initial performances varied among the four lessons. The 

initial performances in the lessons taught by the most experienced teachers were 

approximately half the duration of the initial performances in the lessons taught by the 

least experienced teachers. This seems consistent with the notion that the more 

experienced teachers required less time to assess the performance and plan for upcoming 

instruction. The more experienced teachers’ mean fixation durations were nearly twice as 

long as those of the less experienced teachers. This finding may suggest that the more 

experienced teachers gather more information from each fixation, whereas the less 

experienced teachers know “where to look” but may be unclear about what precisely they 

are looking for.  

 

Initial student performance 

 
 The initial student performances represent the first opportunity for the teachers to 

assess their students’ playing and formulate a plan for instruction. As noted above, the 

four teachers varied in how long they allowed the student to play before beginning 

instruction. The novice undergraduate allowed her student to perform uninterrupted for 

nearly 2 min, whereas the artist teacher began instruction after listening to her student for 

only 30 seconds. Both undergraduate teachers fixated 10 different targets during the 

initial student performances; the advanced graduate and the artist teacher each fixated 8 

different targets. The percentage of total fixation time spent fixating targets important to 

the first instructional goal of the lesson was similar among the four teachers, but there 
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were important differences in the durations of teachers’ fixations and the number of 

saccades during this initial period of watching and listening to the student.  

 

We analyzed the targets of the first 30 fixations by each teacher, starting when the 

student played the first note of the initial performance. The advanced graduate’s and artist 

teacher’s fixations tended to cluster on relevant components of violin playing. In other 

words, the more skillful teachers fixated multiple components of a single aspect of violin 

playing before executing a saccade to visual targets related to a different component of 

violin playing. For example, there were multiple fixations by the advanced graduate 

student, who went on to focus on intonation during the lesson, clustered around elements 

of the left hand (e.g., the third finger, the wrist) before she shifted her focus to a different 

component of the student’s playing (e.g., the bow hand). Within their first 30 fixations, 

there were 13 shifts to a different component of violin playing by the advanced graduate 

student and 11 such shifts by the artist teacher. In contrast, the novice undergraduate 

made 24 such shifts and the advanced undergraduate made 22.  
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Table 4.2   

Observation Data for Initial Student Performance 

_______________________________________________________________________ 
 
  Novice Advanced Advanced Artist 
  Undergraduate Undergraduate Graduate  Teacher 
_______________________________________________________________________ 
Perf. Duration (s) 120 110 41 33 
N Fixations 157 155 56 46 
N Targets 10 10 8 8 
Mean Fix. Dur. (ms) 336 385 598 636 
Fix. on Target of 1st  Goal  67 89 20 37 
% of Total Fix. Time  53 68 56 62 
Target Changes During 24 22 13 11 
1st 30 Fixations 
______________________________________________________________________ 
Note.	Fixations	on	target	of	the	1st	goal	refer	to	fixations	on	targets	relevant	to	the	
instructional	 goal	 defined	 by	 the	 teacher	 immediately	 after	 the	 initial	 student	
performance.	%	of	 total	 fixation	 time	 indicates	 the	percentage	of	 the	 total	 fixation	
duration	 spent	 on	 targets	 important	 to	 the	 first	 instructional	 goal	 that	 follows.	
Target	changes	during	1st	30	fixations	are	the	number	of	times	the	teacher	fixated	a	
new	 target	 in	 the	 scene	 during	 the	 first	 30	 fixations	 after	 the	 onset	 of	 the	
performance.		
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 95 

1st Instructional Goal: Bow Direction 

 
2% of total fixation time allocated on room not student 

Figure 4.1. Novice undergraduate’s percentages of total fixation durations on each target 
during the initial student performance.  Numbers in each circle are percentages of total 
fixation time (e.g., the proportion of the sum of the durations of all fixations greater than 
or equal to 100 ms). The sizes of the yellow circles are proportional to the percentages. 

 

 

1st Instructional Goal: Bow Articulation 

 
3% of total fixation time allocated on room not student 

Figure 4.2. Advanced undergraduate’s percentages of total fixation durations on each 
target during the initial student performance.   
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1st Instructional Goal: Left hand intonation 

 

Figure 4.3. Advanced graduate’s percentages of total fixation durations on each target 
during the initial student performance.   

 
 
 
 
1st Instructional Goal: Use more bow 

 

Figure 4.4. Artist teacher’s percentages of total fixation durations on each target during 
the initial student performance.   
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Rehearsal frames 

We analyzed the percentages of fixation time on targets related to the instructional 

goal in each rehearsal frame (see Table 4.3). Over 70% of the artist teacher’s fixations 

were on targets that were relevant to her immediate instructional goal in each rehearsal 

frame. The percentages of fixation time on relevant targets ranged from 72% to 94% 

among the five rehearsal frames in her lesson. The percentages of fixation time devoted 

to relevant visual targets were also high for the advanced graduate student, whose 

percentages ranged from 54% to 82%. The two undergraduates, in contrast, spent less 

time fixating visual targets that were relevant to their instructional goals, with their 

percentages ranging from 41% to 72%.  

The mean durations of teachers’ fixations also varied by skill level, with the artist 

teacher and graduate student fixating longer than either of the undergraduates. In 

addition, the proportion of fixations directed toward relevant targets provides further 

indication of differences in attentional focus among the teachers. For example in the artist 

teacher’s fourth rehearsal fame, 89 of 102 fixations were on relevant targets. All of the 

longest fixations for each teacher for all rehearsal frames were on targets important to the 

immediate instructional goal.  

Figures 4.5-4.8 show the percentages of total fixation time in each rehearsal frame 

allocated to specific targets. These figures further illustrate differences in the teachers’ 

attentional prioritization of specific visual targets relevant to the instructional goal. 
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Table 4.3  
Rehearsal Frame Fixation Data During Instruction 
_______________________________________________________________________ 

Novice Undergraduate Student  
_______________________________________________________________________ 
    N of % of Fixation Dur    
RF Proximal Rate of M Fixation    Relevant       Relevant          Longest 
# Goal Fixation/min Dur (ms) Fixations        Targets           Fixation 
_______________________________________________________________________ 
1 Bow direction  110 287 103 53                 1589*       
2 Bow direction  148 238 79 42    1257* 
_______________________________________________________________________ 

Advanced Undergraduate Student  
_______________________________________________________________________ 
1 Longer bows  76 243 23 41 955* 
2 Stable tempo  77 174 67 60 523* 
3 Bow direction 71 291 34 72 1189* 
_______________________________________________________________________ 

Advanced Graduate Student  
_______________________________________________________________________ 
1 3rd finger intonation  76 295 46 54 1787* 
2 3rd finger intonation 93 400 34 81 2857* 
3 2nd finger intonation 84 344 36 75 1336* 
4 2nd finger intonation 86 395 26 82 1536* 
5 Overall intonation 84 416 25 72 2037* 
_______________________________________________________________________ 

Artist Teacher 
_______________________________________________________________________ 
1 Longer bows 87 487 52 89 1704* 
2 Bow alignment 82 535 58 86 3892* 
3 Bow weight 85 469 60 72 2573* 
4 Bow alignment 82 485 89 94 1604* 
5 Bow weight 77 509 31 87 2656* 
_______________________________________________________________________
Note. Rate of fixation per minute refers to the number of fixations on targets in the scene 
per minute of instruction. Asterisk indicates longest fixation was on a target important to 
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the proximal instructional goal. Number of relevant fixations refers to fixations important 
to the proximal goal. % of fixation duration on relevant targets indicates the percentage 
of total fixation duration for the rehearsal frame spent fixating on targets relevant to the 
proximal instructional goal. 
 
 
 
RF 1                                                                          
Instructional Goal: Bow Direction   

 
2% of total fixation time allocated to targets in the visual field not student or instrument  
 
 
RF 2 
Instructional Goal: Bow Direction 

 
4% of total fixation time allocated to targets in the visual field not student or instrument 

Figure 4.5. Percentage of total fixation duration during rehearsal frames 
(Novice Undergraduate)  
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RF 1                                                                          
Instructional Goal: Bowing    

 
11% of total fixation time allocated to targets in the visual field not student or instrument  
 
 
 
 
 
 
 
RF 2 
Instructional Goal: Stable Tempo 

 
12% of total fixation time allocated to targets in the visual field not student or instrument 
 
 
 
 
 
 
 
 
 
 
(Figure 4.6: continued next page) 
 



 101 

 
 
 
 
RF 3 
Instructional Goal: Bow Direction 

 
8% of total fixation time allocated to targets in the visual field not student or instrument 

Figure 4.6. Percentage of total fixation duration during rehearsal frames 
(Advanced Undergraduate) 

 
 
 
RF 1                                      
Instructional Goal: Left Hand     

  
8%	of	total	fixation	time	allocated	to	targets	in	the	visual	field	not	student	or	instrument 
 
 
 
 
(Figure 4.7: continued next page) 
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RF 2                                      
Instructional Goal: Left Hand     

 
 
RF 3                                                                      
Instructional Goal: Left Hand                       

 
4% of total fixation time allocated to targets in the visual field not student or instrument 
 
RF 4                                      
Instructional Goal: Left Hand     

 
2%	of	total	fixation	time	allocated	to	targets	in	the	visual	field	not	student	or	instrument 
(Figure 4.7: continued next page) 
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RF 5                                                                      
Instructional Goal: Left Hand 

 

Figure 4.7. Percentage of total fixation duration during rehearsal frames 
(Advanced Graduate)  

 
 
 
 
 
 
 
 
RF 1                                                                      
Instructional Goal: Longer Bows  

 
 
 
 
(Figure 4.8: continued next page) 
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RF 2 
Instructional	Goal:	Bow	Alignment 

 
 
RF 3                                                                      
Instructional Goal: Bow Weight                    

 
 
RF 4     
Instructional Goal: Bow Alignment     

 
2% of total fixation time allocated to targets in the visual field not student or instrument 
 
(Figure 4.8: continued next page) 
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RF 5                                                                      
Instructional Goal: Bow weight 

 
2% total fixation time allocated on room not student 

Figure 4.8. Percentage of total fixation duration during rehearsal frames (Artist Teacher)  

 
 
 

Figures 4.9-4.12 show the percentages of overall fixation time allocated to 

individual targets during the entirety of each lesson, including the initial student 

performance. These percentages represent combined assessment priority (fixation time 

that predicts the instructional goal) and instructional priority (fixation time on targets 

important to the immediate goal). The total percentages of time allocated to relevant 

targets systematically varied by teacher skill level: novice undergraduate, 50%; advanced 

undergraduate, 53%; advanced graduate, 64%; artist teacher, 82%. This indicates that the 

more expert teachers spent more time fixating relevant targets throughout the lesson than 

did the less expert teachers.  
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Overall Lesson Goal- Bow direction 
Percentage of fixation time on relevant target- 50% 
Targets in black were relevant to immediate lesson goal 

Figure 4.9. Percentage of total fixation time on goal-relevant target for entire lesson 
(Novice Undergraduate) 

 

 
Overall Lesson Goal- Bow Articulation 
Percentage of fixation time on relevant target- 53% 
Targets in black were relevant to immediate lesson goal 

Figure 4.10. Percentage of total fixation time on goal-relevant target for entire lesson 
(Advanced Undergraduate) 
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Overall Lesson Goal- Intonation 
Percentage of fixation time on relevant target- 64% 
Targets in black were relevant to immediate lesson goal 

Figure 4.11. Percentage of total fixation time on goal-relevant target for entire lesson 
(Advanced Graduate) 

 

 
Overall Lesson Goal- Articulation 
Percentage of fixation time on relevant target- 82% 
Targets in black were relevant to immediate lesson goal 

Figure 4.12. Percentage of total fixation time on goal-relevant target for entire lesson 
(Artist Teacher) 
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Follow-Up Fixations 

 
 One of the known factors that differentiate the behavior of expert and nonexpert 

teachers is the extent to which experts attend to the outcomes of instructional 

interventions to determine whether students have in fact accomplished the instructional 

goals identified. With this in mind, we examined fixations that immediately followed 

teachers’ directive and feedback statements in the instructional portions of the four 

lessons. we first identified fixations greater than or equal to 500 ms that followed either 

teacher directives or feedback statements. Typical fixations while reading, viewing a 

scene, or walking generally range from 200-400 ms. We chose a 500 ms threshold after 

reviewing the data and noticing that all four teachers, and especially the two more 

advanced teachers, tended to fixate relevant targets following verbalizations (directives 

and feedback) related to those targets. We observed that fixations following directives 

were in the range of 500-2000 ms, indicating heightened attentional priority and 

monitoring.  

 We first identified each instance in which the teacher made a statement that was 

followed immediately by a student performance episode, and defined these instances as 

opportunities for the teacher to follow up with careful monitoring of student behavior. 

We report these follow-up fixations (FUFs) in Table 4.7. The number of FUFs indicates 

the number of times the teacher fixated any target for more than 500 ms at the onset of 

the student’s performance immediately following a teacher statement. Relevant FUFs are 
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instances of fixating targets relevant to the immediate instructional goal. There are 

striking differences among teachers both in the frequencies of FUFs and in the mean FUF 

durations, which indicate that the advanced graduate and artist teachers took more 

opportunities to closely monitor the extent to which their students met the goals that they 

had defined. 

Table 4.4  

Follow-up Fixations 

_______________________________________________________________________ 
  Novice Advanced Advanced Artist 
  Undergraduate Undergraduate Graduate Teacher 
_______________________________________________________________________ 
Opportunities for FUFs 19 14 24 26 
Number of FUFs 7 7 19 23 
Relevant FUFs 6 7 18 22 
Mean FUF Duration (ms) 892 869 1160 1347 

_______________________________________________________________________ 
 
 

 

DISCUSSION 

 
In the present investigation we found consistent differences in the gaze patterns of 

teachers with different levels of experience and expertise. These gaze patterns correspond 

to data from analyses of the teachers’ instructional behavior. In general, we found that 

more experienced and skillful teachers fixate visual targets that are relevant to proximal 
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instructional goals more consistently and for longer durations than do less experienced 

teachers.  Fixation data regarding the percentage of total fixation time on specific targets 

reveal differences in teachers’ ability to prioritize physical cues in the environment that 

will assist in the diagnosis of problems. The data also reveal differences in how teachers 

monitor important physical targets across time. Although all teachers clearly prioritized 

targets relevant to lesson goals, we found a positive relationship between percentage of 

total fixation time and levels of expertise.   

The analysis of fixations during the initial student performances revealed 

differences among the four teachers in terms of the number of targets fixated, changes in 

focus during the first 30 fixations, and mean fixation time. All teachers viewed multiple 

targets and prioritized the target or targets that would eventually be relevant to the first 

instructional goal. When watching the lesson videos in real time, all teachers scanned 

multiple targets and over time and prioritized those that they would focus on. This 

process may indicate that teachers are sorting through possible instructional goals, 

fixating physical targets that represent the physical source of errors.  

The number of changes in components of playing to which teachers attended after 

the student began playing is also reflective of differences in thinking among the teachers. 

The two undergraduate teachers changed their focus within the first 30 fixations much 

more often than did the graduate student and twice as often as the master teacher. The 

more expert teachers monitored few targets and took more time to process the 

information they obtained than did the less expert teachers. This is entirely consistent 

with the notion that experts have a more clear mental model for successful performance, 
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which allows them to identify and focus on important variables in students’ playing 

relatively quickly and efficiently. 

Fixation data from the individual rehearsal frames indicate the focused monitoring 

and processing of important targets by the more expert teachers. Figures 4.7-4.10 show 

the percentage of total fixation time in each rehearsal frame for each teacher. The 

advanced graduate student and the artist teacher rarely fixated targets that were unrelated 

to the instructional goals they had identified. The two undergraduate teachers spent more 

time fixating the student’s face and left hand, which provided little information relevant 

to the instructional goals set by these teachers. The efficiency and accuracy that the more 

advanced teachers exhibited during each rehearsal frame was noticeably different from 

the undergraduate teachers. They devoted attention to the most important aspects of 

student performance to a much greater extent than did either of the two undergraduate 

teachers.  

The FUFs are a notable indication of expert teachers’ heightened attention to 

monitoring student progress. We observed more and longer FUFs by the artist teacher 

than we observed in the lessons of other teachers. The artist teacher closely monitored 

whether her instructions and feedback led to her student’s accomplishment of proximal 

goals, whereas the least skilled teachers often failed to devote similar attention to student 

accomplishment. Again, the longer fixations on key targets in the scene reflect deeper 

processing of information important to successful teaching. 

Differences in instructional behavior and visual fixations among teachers in the 

current study were pronounced. What we observed in terms of teacher gaze seems 
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entirely consonant with current understanding of effective teacher behavior. The data 

convincingly show that expertise is in large measure a function of perception. Expert 

teachers perceive the lesson environment in different ways than do less skilled teachers. 

More than just knowing where to look, highly skilled teachers, guided by vivid mental 

models of artistic performance, prioritize relevant perceptual cues in the scene that offer 

the most important information and reward. They monitor these cues more so than do 

novice teachers, gathering valuable information about the source of the error and whether 

students follow through with adjustments.  
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Chapter 5: General Discussion 

 

The three projects in this dissertation represent the first analyses of teacher gaze 

in the context of music instruction. In an effort to better understand the thinking of expert 

teachers, we used eye-tracking technology to identify patterns of visual fixation in 

relation to teachers’ instructional goals, verbalizations, and sequencing of instruction. 

The findings illustrate aspects of teacher thinking that develop as teachers gain 

experience and develop expertise, as we found clear differences in the gaze patterns of 

teachers with different levels of skill that were entirely consonant with behavioral 

observations of their teaching. These projects demonstrate the viability of deploying eye-

tracking technology to study questions related to music teaching and learning.  

 

Fixation on Targets Important to the Instructional Goal  

 
We found that teachers’ gaze behavior, including target selection and fixation 

duration, is indicative of their moment-to-moment instructional goals, and that highly 

skillful teachers are more consistently focused on visual targets that are the object of their 

instructional intentions than are less skillful teachers. This may be interpreted as an 

indicator of teachers’ information processing and their allocations of cognitive attention.  

Perhaps not surprisingly, we found that all of the teachers we observed generally 

attended to locations in the visual scene that were important to their accomplishing 

proximal lesson goals. They monitored their students’ posture, hand positions, and 
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instruments in order to identify problems and work toward improving students’ playing. 

But there were important differences among levels of instructional skill that are reflective 

of what appear to be important differences in teachers’ perceptions, decision making, and 

planning. The most expert teachers we observed tended to fixate longer and more 

frequently than novices on targets that were important to their accomplishing the goals 

they had identified.  

All of the teachers we observed viewed the initial student performances in ways 

that suggest a learned visual strategy to assess student performance and diagnose 

problems in need of remediation. All teachers fixated and executed saccades among just a 

few key physical targets related to tone production, expression, and intonation. These 

gaze patterns reflect a mental model of successful violin playing and a focus on areas of 

the visual scene that are most likely to provide reward as it pertains to the goals of 

teaching. Further analyses of precise patterns of visual search in future studies may 

provide additional insight into this aspect of assessment.  

In Study 1, we hypothesized that two highly skilled violin teachers would devote 

similar proportions of lesson time fixating targets important to the immediate 

instructional goal. We found this to be the case when both teachers were teaching their 

own students, with whom they were quite familiar. When teaching unfamiliar students, 

however, the artist teacher’s patterns of gaze were much like those observed when she 

taught her own student, but the advanced graduate student’s gaze patterns were quite 

different.  
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The artist teacher’s percentages of fixation time devoted to important instructional 

targets were higher than the graduate student’s, both in the lesson with a familiar student 

and in a lesson with an unfamiliar student. Although the advanced graduate student, when 

teaching her own student, had high proportions of fixation time devoted to important 

targets, much like the artist teacher, the advanced graduate student’s percentage of 

fixations on important targets was much lower when she taught a student with whom she 

was unfamiliar. Also, in line with other eye movement and fixation research involving 

expertise, the master teacher’s fixations were slightly longer than those of the graduate 

student.  

 

Even though the initial investigation included only two teachers, it seemed clear 

that visual fixations reflected the instructional priorities of expert teachers. The ability to 

identify optimal instructional targets is a sina qua non of effective teaching, and data 

from the first investigation reinforce the notion that expert teachers’ cognitive attention 

does indeed center on aspects of student performance that have the greatest potential for 

productive change. The ways in which expert teachers allocated their visual attention was 

consistent with their behavioral goals, and it may very well be that years of experience 

working with students shapes gaze behavior by rewarding attentional foci that lead to 

positive outcomes.   

The discrepancy between the gaze behavior of the two teachers during the lessons 

with the novel students may be attributable to differences in level of expertise, and may 

indicate that even excellent teachers, having come to know a student over many months 



 116 

of instruction, may be better able to focus attention on the most important elements of 

that student’s playing. In contrast, working with a new student for the first time may 

demand a level of cognitive processing that limits the effectiveness of even experienced 

teachers who may not yet have developed a persistent strategy for assessment and 

instruction that is applicable in any circumstance. Clearly, more research is necessary to 

answer this question. 

Because the vast majority of research exploring gaze and attention does not 

include a task with a meaningful auditory stimulus, we sought to investigate whether 

sound affects music teachers’ visual attention while observing student performance. 

While the video observation task in the second study was a departure from the 

overarching goal of this research—to analyze gaze in natural teaching environments—a 

standardized stimulus was necessary to measure the effect of the presence or absence of 

sound on experienced teachers’ gaze. We projected a life-size image of a violinist 

performing a short excerpt with and without the sound, and found that experienced 

teachers’ gaze seemed unaffected by the sound condition. This may indicate that 

experienced teachers of violin develop a learned visual search strategy that focuses on the 

most important aspects of playing. In both conditions, participants focused on the 

students’ bow hand, bow contact point, and left hand, visual targets that are central to 

quality tone production and intonation. 

Although we observed differences among teachers in the percentage of total 

fixation time allocated to specific targets, none of the variance could be attributed to the 

presence or absence of an auditory stimulus. We interpreted these findings as evidence 
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that highly skilled instrumental music teachers have a very clear and functional mental 

model of successful playing. Many violin teachers were able to confidently diagnose the 

performance problems of the student depicted in the video without hearing her play. And 

regardless of the presence or absence of the auditory stimulus, fixations reflected a 

consistent set of instructional priorities.  

Some teachers argue that using eye-tracking methods to learn about the allocation 

of teacher attention may miss the extent to which teachers and conductors gather 

information through auditory channels that are not aligned with visual focus. Results 

from this study indicate that with or without the benefit of an auditory signal, experienced 

teachers obtained similar visual information to inform their assessments. 

 

Fixation and Expertise 

 
 In Study 3, we identified the proximal performance goals in each of four lessons 

taught by teachers with different levels of expertise and examined visual fixations in 

relation to those goals. We found marked differences in target selection and the durations 

of fixations among the four teachers, with fixations tending to be longer and more often 

focused on relevant targets with increasing levels of teacher expertise. The novice 

undergraduate teacher shifted frequently among multiple visual targets and the durations 

of her fixations were approximately half the duration of the artist teacher’s. The artist 

teacher’s fixations were longer, and thus may have reflected a deeper, more thorough 

processing of the information obtained at each fixation point. A particular important 
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result of our analysis concerned teacher fixations that followed verbal directives and 

feedback. The two more experienced and expert teachers, immediately after they gave a 

verbal directive or feedback, fixated longer than the less experienced teachers on targets 

that were the focus of the verbalizations. 

 Findings from this study indicate a positive relationship between measures of 

visual fixation and teacher expertise. Mean fixation durations, percentages of total 

fixation time allocated to important instructional targets, the numbers and durations of 

FUFs were all lower for less skilled teachers than for advanced and artist teachers. The 

high numbers of saccades among multiple, unrelated visual targets for the two 

undergraduate teachers during the initial student performances indicate a relatively 

unsystematic search strategy for defining instructional goals. The advanced and artist 

teachers’ longer fixations on fewer visual targets indicates more efficient target selection 

and deeper focus and monitoring of important student cues.  

 

Cumulative Interpretation of Findings 

 With experience and increasing levels of expertise, teachers learn what to attend 

to and what not to attend to. Less experienced teachers appear to have not yet developed 

the skill of prioritizing and attending to the most important physical cues relevant to 

advantageous proximal goals. The results of these investigations indicate that the 

development of instructional skill requires refinements in thinking and allocation of 

attention that are guided over time by behavioral outcomes.  
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 Much of the work of teaching involves refining very small aspects of student 

performance. In the studies reported here, expert teachers demonstrated the ability to 

assess student behavior quickly and arrange a hierarchy of student problems that teachers 

then addressed with systematically sequenced instruction. It is also clear from our data 

that highly skilled teachers continued to monitor the extent to which students actually 

accomplished the goals that the teachers defined. The instructional behavior and the 

patterns of gaze among less skillful teachers are quite different. The less experienced 

teachers in the third study tended to choose vaguely defined instructional goals and they 

did not monitor visual targets that were relevant to the goals’ accomplishment. The artist 

teacher defined very small, proximal goals whose accomplishment was immediately 

discernible. She monitored the targets relevant to those goals to the extent that she could 

fully understand not only the underlying basis of the problems observed but also the 

behavior necessary to ameliorate problems.  

 Taken together, the findings from these studies show that perceptual acuity—

precision in allocation of attention—plays an integral role in music teacher expertise and 

is a central component of effective teaching, one that informs all decision-making and 

subsequent action. The measurement of visual fixations allows researchers to understand 

how teachers attend to and process information during instruction.  
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Future Research 

 
 One important limitation of the current research is the small number of 

participants and limited opportunities for statistical comparisons. Eye tracking technology 

is advancing very quickly in terms of accuracy, ease of use, and reductions in cost. 

Although the process of data collection and analysis is still very labor-intensive, given the 

results of the present investigations, it seems likely that applications of the technology 

may become more frequent.  

The current research contributes to a better understanding of music teacher 

expertise, but many questions remain and there are many opportunities for future 

research. Dividing the lessons into shorter units of analysis (rehearsal frames) allowed for 

identification of fixations in relation to instructional goals. The identification of FUFs, for 

example, revealed an important aspect of teacher thinking regarding following through 

with instruction to the point that goals are successfully accomplished. The gaze patterns 

of teachers as they listen to and evaluate student playing also revealed important 

differences between experts and novices.  

One possible direction for future research would be to analyze fixation data in 

relation to momentary error detection. An experimental design with observation of 

musicians’ performance including a standardized performance error would allow for 

measurement of the moment of teacher detection and instructional decision-making.  
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 The current research studied violin teachers because all of the physical 

requirements of violin playing are in view of the teacher. It seems important to extend 

this research to teachers of wind instruments and voice, circumstances in which much of 

the machinery of tone production is hidden from view.  

 Finally, the application of these research methods in the study of classroom music 

teachers and ensemble conductors could provide valuable insights into expertise in those 

settings. The classroom presents a wealth of possible distractors among important student 

cues. Eye tracking technology would allow researchers to understand how expert 

ensemble directors prioritize physical information in the classroom and how that 

information informs immediate rehearsal goals. Whether the technology is utilized in the 

classroom or private lesson environment, dynamic indication of gaze could be used to 

provide student teachers with a model of expert attention allocation and could also be 

used to train beginning teachers.  

The value of research investigating teacher expertise seems clear. A more detailed 

description of effective teaching can directly inform how universities prepare the next 

generation of educators. 
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