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Abstract: Real-time Shared Gaze Visualizations (SGVs) are a compelling way to encourage 

effective virtual teaching and learning interactions as SGVs can help to re-establish non-verbal 

social processes such as the attentional focus of group members. In this study, we look at a 

subset of data from a larger study (N=75) in which learners applied newly acquired knowledge 

about a microcontroller and programming to physical tasks with an instructor present as a 

support. We conducted a constant comparative analysis (Glaser & Strauss, 1967) using dual eye 

tracking video footage gathered across three experimental conditions (i.e., SGV, Head-Mounted 

Camera, Webcam). This paper supports a key finding from the larger study (i.e., SGVs help 

instructors track learner cognitive state), and its contribution goes one step further to identify a 

property of tracking cognitive state: Just-in-time support (described in findings section). We 

discuss implications of SGVs in peer teaching and conclude with anticipated future work.  

Keywords: Synchronous Shared Gaze Visualizations, Joint Visual Attention, Grounding, 

Tangible Computing, Remote Learning and Teaching  

Introduction 
Remote learning and teaching is an increasingly common mode of learning. While it comes with many benefits 

such as connecting with others at the same time while in different places, it comes with unique challenges as well. 

In particular, the rich non-verbal information that is generated in social interactions such as gestures, facial 

expressions, postures, and eye movements is largely diminished in remote teaching and learning settings. Eye 

movements play an especially important role in facilitating effective teaching and learning as it indicates the object 

to which a person is attending (Allopenna, Magnuson, and Tanenhaus 1998; D’Angelo and Gergle 2016). 

Traditionally, gaze has been studied through tedious analytic methods such as interviews, case studies and video 

analyses. In this paper, we explore how to do this more easily with the use of shared gaze visualizations.  

Shared gaze visualizations, or the real-time sharing of social partners’ gaze locations, are a compelling 

way to encourage effective remote teaching and learning interactions as they can help to re-establish non-verbal 

social processes such as the attentional focus of collaborators. In educational scenarios that implement shared 

gaze visualizations, a commonly studied relationship dynamic is between experts and novices where an expert 

explains concepts with their eye movements being recorded. Then the novice watches the resulting video and 

takes a test (e.g., Mason, Pluchino, and Tornatora, 2015). The effect is that learners follow the asynchronous gaze 

of an instructor in a screen-based activity such as technical reading, language acquisition, computer programming, 

or perceptual tasks. Asynchronous gaze sharing may come with its own challenges with respect to gaze placement 

and its effect on learning outcomes (Jarodzka et al. 2013, 2010). Given that teaching and learning scenarios 

primarily occur synchronously and use physically manipulable materials to facilitate learning activities—even in 

remote settings—more exploration of synchronous gaze sharing in teaching and learning scenarios whose 

activities use tangible materials is needed.  

From a socio-cultural perspective, studies examining expert/novice teaching and learning scenarios place 

a particular emphasis on the learner receiving information from the expert. The effect to date is that little attention 

has been given to how shared gaze visualizations can be used during application-centered tasks where learners 

apply newly acquired knowledge as they might in a 1:1 tutoring scenario, office hours for a technical course, or 

receiving after-school support from their teacher. An interesting opportunity, therefore, presents itself to seek to 

understand shifts in core activities for experts and novices where experts shift their core activity from instructing 

to supporting, and novices shift their core activity from learning to practicing and applying. This shift in core 

activity for learners, in particular, may support more meaningful learning through meaning making (Stahl, 2007) 

and transference (Engle, 2006). 

Given the current context of remote learning and teaching and outlined gaps in literature in the topical 

areas of synchronous shared gaze visualizations, expert/novice dyadic interactions, and learner-led activities 

involving physical tasks, we ask (RQ): How does the presence or absence of synchronous shared gaze 
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 visualizations influence the dyadic interactions between an expert and a novice programmer throughout a remote 

learner-led tangible computing task across three conditions: Shared Gaze Visualization (SGV), Head-Mounted 

Camera (HMC), and Webcam (WC)? Furthermore, (RQ1a) What strategies do instructors use to 

establish/maintain grounding and what do these interactions look like? (RQ1b) At what points in time do 

instructors assert themselves into the learner’s cognitive process and what do those interactions look like? We 

begin exploring these questions by sharing the theoretical background underpinning the purpose of shared gaze 

visualizations: grounding in social interactions (Clark & Brennan, 1991; Clark, 1985). 

Theoretical background 
In dyadic interactions, the two people involved must coordinate on the content and the process of what they are 

doing to share a common understanding of their work (Clark & Brennan, 1991). When a teacher and student meet 

for a 1:1 tutoring session on conjugations of irregular verbs for a French class, they must both work from the same 

course materials such as the chapter in a textbook on conjugations of irregular verbs (i.e., coordination on content). 

They must also synchronize their actions at the beginning and ending of their time together and across the 

sequence of events that unfold over time (Jordan and Henderson, 1995), thereby coordinating on process. The 

wealth of information generated and received from each person while engaging in the content and process 

develops a common ground—a non-static process continually augmented with new information through the 

willingness of both people to continue interacting, perceive the messages sent by the other, to understand the 

messages, and react and respond adequately to the messages (i.e., accept or reject them) (Clark, 1985). Certainly, 

verbal communication facilitates grounding, but there is also a wealth of non-verbal information exchanged 

between the individuals that facilitates grounding such as gestures, postures, facial expressions, and eye 

movements. Eye movements in particular play a unique role in that they communicate information about what the 

other person is presently attending to. This type of attentional awareness is useful in various scenarios particularly 

with respect to assisting in the formation of joint visual attention––the tendency for social partners to focus on a 

common reference and to monitor one another’s gaze to an outside entity such as an object, person, or event 

(Tomasello et al., 2005). 

Joint visual attention (JVA) has been extensively studied across a variety of domains and is an active 

area of research in the social sciences observing, for example, the importance for individuals to learn how to 

socialize and develop social motivation (Bruinsma, Koegel, & Koegel, 2004; Salley & Colombo, 2015). In 

developmental psychology, JVA is highlighted as an important mechanism for social coordination between family 

members and young children (Scaife & Bruner, 1975; Bates, 1976; Mundy et al., 1990; McClure et al., 2018). In 

the learning sciences, JVA is used to understand collaborative small group activities between peers (Roschelle & 

Teasely, 1995; Dillenbourg et al., 2006; Schneider & Pea, 2013). Interest in JVA by Human-Computer Interaction 

researchers has led to the development of shared gaze visualization tools to support effective communication and 

collaboration in remote settings (D’Angelo and Gergle, 2016; Higuchi et al., 2016). Much of the focus of JVA in 

computer-supported collaborative learning (CSCL) looks at the application of shared gaze visualization tools in 

peer collaborations where learners work together to solve a problem or in expert/novice scenarios where the expert 

and novice take on traditional roles in educational spaces. An under-explored area of CSCL research relates to the 

expert/novice relational dynamic where practice and application of newly gained knowledge is the central activity 

and tangible computing objects are the content bringing learners and instructors together. This research aims to 

explore these areas through a qualitative study where we look at a subset of data from a larger study (N of dyads=6 

of 75) in which learners applied newly acquired knowledge about a microcontroller and programming to tangible 

computing tasks with an instructor present as support. A general description of the study follows. 

General description of the study 
In a larger study (Sung, Feng & Schneider, 2021), a trained instructor guided a novice through a series of 

increasingly complex physical tasks designed to teach the novice how to read and interpret code, and use the 

components of a microcontroller (i.e., a GoGo board) to simulate real-world scenarios such as making a streetlight 

turn on at nighttime when a person walks by. The goal of the study was to help domain experts unpack the 

cognitive state of a less knowledgeable peer using synchronous shared gaze visualizations in a 1:1 teaching and 

learning interaction. Instructor participants (N=18) were recruited from a master’s program in educational 

technology. Many had short teaching experiences, and all had prior experience in microcontrollers, programming, 

or both. Learner participants were 75 adults between the ages of 18 and 38, with little to no experience with 

microcontrollers or programming. 
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 While the larger study consisted of two main activities, the present study (N of dyads=6) focuses on the 

second activity where the learner took the lead on three GoGo board tasks with the instructor present for support. 

The learning objective of the first task (i.e., circuit assembly) was to read a block-based computer program and 

assemble hardware to the GoGo board to produce the desired output (i.e., turn on an LED light). The learning 

objective of the second task (i.e., a visual search task) was to compare an error-free block-based program to an 

identical line-based program and identify five errors in the line-based program. The third task was excluded from 

analysis as most participants did not complete it. Instructors were encouraged to give hints only when they 

perceived it was clear the learner needed help. There were three experimental conditions: Shared Gaze 

Visualization feed (SGV), Head-Mounted Camera (HMC), and Webcam (WC). Each experimental condition had 

an equal number of sessions, and instructors contributed the same number of sessions to the three conditions 

through a randomized block design. This was a design choice to minimize instructor effect. 

Methods 
Data generated from this study used physiological and traditional data collection instruments. Traditional data 

collection instruments included pre/posttests, a post-study survey, instructor predictive ratings on learner post-test 

scores, and webcam video recordings. Physiological data collection instruments included Empatica E4 wristbands 

and Tobii Pro eye tracking glasses. For details on how these instruments were used for measurement in the larger 

study, please refer to Sung, Feng & Schneider (2021). This study uses the webcam recordings and video footage 

rendered from eye tracking glasses. Circles representing the synchronous gaze of the participants were overlaid 

onto eye tracking videos during post-processing and are referred to as shared gaze visualizations (SGVs) in this 

paper. The goals of observing webcam recordings (which were not augmented with SGVs) were to: (1) gain 

familiarity with data; observations were made blind (i.e., the conditions were not known to the analyst); and (2) 

simulate the experience of researchers who were present during data collection. While those researchers were 

privy to the conditions, they (like the analyst) were unaware of the eye movements of the participants as they did 

not view the screens of participants during the study. Methodology for analysis is as follows:  

Data organization 
Webcam videos used in the present qualitative study were previously cleaned and analyzed for a prior research 

study whose research question was also interested in activity 2, tasks 1 (i.e., circuit assembly) and 2 (i.e., a visual 

search task). To organize webcam video data, three analysts timecoded videos (n=75) to identify the beginning of 

task 1, and then removed sessions with lost files and crippling technical errors (i.e., serial equipment failure). This 

resulted in a total of 59 sessions. We further cleaned the data to consider only sessions where participants carried 

out activity 1, tasks 1 and 2 with fidelity. This resulted in a total of 41 viable sessions. To account for instructor 

effect during analysis, we distributed instructors across strata of analysis such that each instructor only appeared 

once in each stratum (n=6). Approximately eight hours were spent to conduct data organization with timecoding 

taking roughly 75% of the total time. 

Data cleaning, key observations, and sub-research questions 

We systematically grouped dyads by learning gains scores to assist the data selection process. We found the mean 

of the absolute difference between pre/post test scores (i.e., learning gains) for all sessions (n=59) rounding up to 

the nearest whole number (i.e., n=22 points for pre/post-tests measured on a 100-point scale). A learner who 

increased their pre-test score by 23 points or more was considered a high achieving learner (i.e., HAL); those with 

22 points or less were considered low achieving learners (i.e., LAL). 64% (n=25) of the sessions were categorized 

as HAL sessions and 36% (n=16) of the sessions categorized as LAL sessions, with HALs representing roughly 

two-thirds of the viable sessions (n=41). We took care to select different instructors. The six sessions selected for 

observation were 12 (Gaze x LAL) and 67 (Gaze x HAL), 69 (HMC x LAL) and 114 (HMC x HAL), and 110 

(WC x LAL) and 103 (WC x HAL). One analyst spent roughly 10.5 hours cleaning data and writing analytic 

memos for each session. Participants took between five and eight minutes to complete both tasks. Video 

observations/memo writing consumed roughly 80% of the quoted time. Key observations from analytic memos 

include (1) instructors use different strategies to establish grounding with the learner and (2) instructors assert 

themselves into the learner’s process at different points in time. At this point, we revisited our main research 

question, compared it to our key observations, and devised two sub-research questions to focus our analysis. (See 

RQ1a and RQ1b in the findings section below for details.) 
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 Transcription, coding, interaction analysis, and framing key observations 
We built upon analytic memos by including observations from eye tracking videos overlaid with SGVs of both 

participants in each dyad. We transcribed the learner-led tasks (tasks 1 and 2) and inductively coded transcripts 

for strategies (Bogdan & Biklen, 2007) used by instructors to establish grounding. (See Figure 1 below for details.) 

To understand the interactions between the learner and instructor, we did a second round of analysis using Jordan 

and Henderson’s (1995) guideline for Interaction Analysis with “the structure of events” as our analytic focus. 

Events that included strategy for grounding became viable supportive evidence for RQ1a. These processes took 

roughly 15.5 hours to complete for one analyst.  

In the following section, we share key findings for our research questions using intrinsic case studies as 

they offer an opportunity to understand particularities (Mills et al., 2010). We use Clark and Brennan’s (1991) 

principles of least collaborative effort as a general guideline to structure key observations. We modify 

interpretations of media constraints for germaneness and to acknowledge technological advances in media since 

the publication of the article. Jordan and Henderson’s (1995) “the structure of events” framework for Interaction 

Analysis scaffolds supportive evidence for key observations. Examples selected as supportive evidence describe 

common behaviors found in literature on grounding and JVA (e.g., pointing, holding up objects to screens, and 

asking a learner to verbalize their thought processes) or illuminate just-in-time support and other ways instructors 

assert themselves into a learner’s cognitive process to provide support. 

Findings 
In this section, we share insights into our main research question and its two sub-questions. We start by sharing 

key observations for each sub-question and then follow-up with supportive evidence.  

Key Observations for RQ1a: We observe in the SGV condition that participants were able to exert least 

collaborative effort to achieve grounding as they were able to use their gaze as a deictic gesture to establish 

grounding (Finding 1a). In non-SGV conditions, participants resort to forms of grounding that are more costly in 

collaborative effort than those observed in the SGV condition. In the HMC condition, the instructor requested the 

learner to verbalize all their thoughts as they assembled the circuit in task 1 (Finding 2a). In the WC condition, 

the instructor asks the learner to hold up the completed circuit to the camera (Finding 3a).  

Key Observations for RQ1b: We observe in the SGV condition that the instructor asserts themselves 

into the learner’s process just-in-time to support the learner with a challenge during task 2 (Finding 2a). The 

instructor is able to do this because they able to track the learner’s cognitive state for the duration of the event. 

This translates to a low collaborative effort exerted to provide and receive help. In the HMC condition, the 

instructor asserts themselves into the learner’s thought process sporadically in attempt to help the learner with a 

challenge during task 2 (Finding 2b). The instructor in the WC condition asserts themselves into the learner’s 

process only after the learner has announced they have finished the circuit (Finding 3b). In the following 

subsections we provide brief examples of each of the findings, starting with RQ1a. 

Supportive Evidence for RQ1a: What strategies do instructors use to establish/ 
maintain grounding and what do these interactions look like? 

Finding 1a (SGV): Instructor uses gaze as a deictic gesture 

The event we chose for this example is a stretch of interaction from session 12 (SGV x LAL) that occurs as a 

transition event between tasks 1 (i.e., circuit assembly) and 2 (visual search for errors in line-based code). The 

smaller unit of particular interest within the event is the preparatory action the instructor took to establish 

grounding before launching into a series of smaller events whose end goal was to help the learner understand how 

programs communicate with computers to produce desired outputs.  

The learner begins the segment with a question (“Okay, so even though you’re showing me the kind of 

behind the curtain view, I still don’t understand how these machines know what to do––like how they speak these 

languages. This is wild!”) and the instructor acknowledges the learner’s confusion (“Oh, it knows what to do 

because people have written this code and already loaded it into the GoGo board”) and then points with her gaze 

(“So, if it’s not loaded, you’ll have to write it here”).  

Before beginning their explanation, the instructor engages in a preparatory action: get the learner to look 

at a specific tab of the widget screen where the program for the prior task was written. In a physical setting, the 

instructor might have simply pointed to the specific tab; however, in this remote setting enhanced by shared gaze 

visualizations, the instructor simply used their gaze as a deictic gesture to achieve JVA. (See Figure 1 below.) By 

having access to this tool, the instructor was able to establish grounding effectively and easily. Ease of use allowed 
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 them to stay focused on the main purpose of their interaction until the learner indicates the end of the 

interaction by expressing understanding (“Ohh, I see. Oh wow, okay”). 

Figure 1. The instructor (white circle) points to a tab on the widget screen using their gaze to create grounding 

through JVA. The learner shifts their gaze (red circle) to the new object of interest. 

Finding 2a (HMC): Instructor asks the learner to think aloud and attends to two external objects 
The event we chose for this example is a stretch of interaction from session 114 (HMC x HAL) where the learner 

is assembling the input components to the GoGo board (i.e., task 1). While the learner is verbalizing each step in 

their thought process the instructor listens while panning back and forth between the laptop monitor (to attend to 

the learner’s assembly process) and the instruction manual: 

Figure 2. The instructor attends to two external objects as the learner verbalizes their thought process. The 

images show the instructor’s gaze panning from the computer screen (a), to the manual (b), back to the 

computer screen (c). The quotes below the images show what the learner is saying during each screenshot. 

The strategy the instructor uses—requesting the learner verbalize their thought process—helps establish 

and maintain grounding. To confirm the learner’s actions, the instructor collates the learner’s utterances (i.e., 

auditory information) by reading with each line of code in the manual (i.e., visual information). By asking the 

learner to verbalize their thought process, the instructor can see that the learner reads each line of code sequentially 

and assembles the components accordingly. The learner’s behaviors are consistent, which allows the instructor to 

predict the learner’s next actions. The think aloud strategy appears to be an effective way to create and maintain 

grounding, but not without much collaborative effort from both participants. Additionally, since the instructor 

must attend to two objects of interest (the laptop computer screen and the instructional manual), when they look 

toward one, they lose the benefit of the other. So, for instance, when the instructor monitors the learner’s process 

on the laptop, they temporarily lose the power to predict the learner’s next steps as they are not looking at the 

manual. While mostly effective, verbalizing thought processes does not appear to be a sustainable way to maintain 

grounding between social partners.  

Finding 3a (WC): Instructor asks the learner to hold up the assembled circuit to the camera 

The event we chose for this example is a stretch of interaction from session 103 (WC x HAL) where the learner 

has just completed task 1 (i.e., circuit assembly). Just prior to the completion of the task, the instructor tells the 

learner to show her the circuit once they are done (“You can hold up the circuit once you’re done so that I can see 

it”). To show they are done, the learner must both demonstrate the input and output cables are plugged into the 

correct ports and demonstrate the correct input and output sources are connected to the cables, which dangle 

outside the field of view of the camera. A sequence of smaller units within the event unfolds, where the 

learner must continually calibrate the distance of the GoGo board from the camera (i.e., moving it closer or farther 
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 away) as well as move the whole apparatus up and down in slight movements to bring the light and proximity 

sensors and the LED output into the field of view of the camera. The instructor leans in and holds up their hand 

to communicate to the learner to hold still. Overall, holding an object up to a computer camera, particularly one 

that is as dynamic as a microcontroller with dangling cables and small components, seems to require high 

collaborative effort from both participants.   

 

 
Figure 3. The learner holds up the completed circuit to the camera to let the instructor assess assembly.  

Supportive Evidence for RQ1b: At what points in time do instructors assert themselves 
into the learner’s cognitive process and what do these interactions look like? 

Finding 1b (SGV): Instructor asserts themselves just in time to support the learner  
The event we chose for this example is a stretch of interaction from session 67 (SGV x HAL) that shows how the 

SGV tool allowed the instructor to provide just-in time support to the learner during task 2 (i.e., visual search). 

Just-in-time support is enabled by the SGV and allows the instructor to stay engaged with the learner’s thought 

process for the duration of the task. The goal is for the learner to identify five errors in the line-based code by 

comparing it with error-free block-based code.  

In this event, the instructor prompted the learner to identify four remaining errors in the line-based code. 

The learner identified the first three errors ease. Throughout the task, the instructor tracks the learner’s cognitive 

state. When the learner gets stuck finding the fourth error and makes a second attempt, the instructor is able to see 

the learner searching each line of code for an error. The instructor notices the learner’s attempt is complete and 

that they are still stuck. So, they immediately give the learner a hint directly related to the problem, which helps 

the learner reach their goal quickly. This example suggests that SGVs predisposed the instructor to the series of 

events that led up to an issue (e.g., learner is stuck), so that when the issue surfaces the instructor is able to provide 

accurate, just-in-time support to the learner. Figure 4 shows the instructor tracking the cognitive state of the learner 

while they try to solve the problem.  
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 Figure 4. The instructor tracks the learner’s cognitive state during a visual search task. It is difficult to see the 

white circle that represents the learner’s gaze. See the middle image on the bottom row (e) for a clear example. 

Finding 2b (HMC): Instructor asserts themselves sporadically into the learner’s process  
The event we chose for this example is a stretch of interaction from session 69 (HMC-LAL) where the learner is 

searching for the last error in the line-based code in task 2. The beginning of the event starts with the instructor 

quickly summarizing the goal of the task and then hands it off to the learner. We observed the SGV of the learner’s 

gaze (imperceptible to the instructor) moving between the first line of code in the task and the instruction manual, 

suggesting the learner needed time to orient themselves with the task. The learner identifies all but one of the 

errors and get stuck, so they start the search again (gaze moves back to top code). As time passes without a 

response from the learner, the instructor begins sporadically interjecting with suggestions (e.g., “You can take a 

look at other code if you want to get a sense”, “I’ll give you a hint. It has to do with ‘to main’, “That was a big 

hint”, “What’s the last block say?”). All except the last hint are ignored, indicating the instructor’s suggestions 

were not useful in solving the learner’s challenge and that the instructor was unaware of the learner’s needs.  

Finding 3b (WC): Instructor asserts themselves at the end of the learner’s process  
The event we chose for this example is a stretch of interaction from session 110 (WC x LAL) where the learner 

works on task 1 (i.e., circuit assembly). Throughout the learner’s process, the instructor took a hands-off and eyes-

off approach, rendering all the learner’s processes imperceptible. They attended to the widget screen (located on 

a separate external monitor) until the learner announced they completed the task (“I think I got it together”). Then 

the instructor pivots to engage with the learner (“Great, okay. Let’s go ahead and hit your run button”). What 

follows is 5 minutes and 51 seconds of backtracking through the task and rewiring the circuit together as the 

instructor discovers multiple interrelated challenges the learner faced (i.e., (1) how to interpret nested functions, 

(2) how threshold values written into the program relate to the two inputs, (3) the necessity of plugging cables

into their respective ports, and (4) how inputs relate to the outputs through the microcontroller). This is evident as

the learner has completed the circuit incorrectly (i.e., proximity sensor is plugged into the wrong input port) and

incompletely (i.e., output components are missing). This example illustrates the importance of maintaining

grounding throughout the learning process so the instructor can identify appropriate opportunities to help the

learner before complex problems arise.

Discussion and conclusion 
In this study, we showed ways that the presence or absence of SGVs influenced the dyadic interactions of 

instructors and learners during a remote learner-led tangible computing activity. We found supportive evidence 

that SGVs were useful for helping instructors establish and maintain grounding by using gaze as a deictic gesture 

and tracking the cognitive state of learners. These findings support the established understanding that non-verbal 

communication cues, such as eye movements, play a key role in facilitating teaching and learning in that they 

communicate information about what the other person is presently attending to. In this study, being able to 

perceive the learner’s thought processes in real time enabled the instructor to identify appropriate points in time 

to interject with support, suggesting potential other benefits or uses of synchronous shared gaze visualizations not 

anticipated prior to this study. SGVs can be used as a feedback mechanism that helps instructors self-regulate the 

timing of the support they provide learners by tracking the learner’s cognitive state. In turn, learners are afforded 

the space and time needed to work on a problem independently, potentially contributing to meaning making, 

transference, and even flow. This paper was a first step in understanding learner-instructor interactions in a remote 

tangible computing activity and the benefits of SGVs therein. Future work aims to build upon the concept of 

tracking learner cognitive state and its perceived benefits, such as just-in-time support and instructor self-

regulation as well as identifying limitations to SGVs in similar teaching and learning scenarios. 
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