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ABSTRACT 

Co-located students working in a bring-your-own-device 

(BYOD) classroom have limited awareness of their peers’ 

work. We investigated the design of an awareness cue for 

students aged 6 to 17, in a large web-based canvas shared 

among tablets and laptops. By incorporating teacher and 

student feedback in an iterative design process, the project’s 

goal was to support workspace awareness needs on touch 

devices, as well as to ensure age-appropriateness and tech-

nical feasibility. Specifically, we aimed to balance aware-

ness, distraction, and clutter. We designed an awareness cue 

for students, a Callout Bubble, which is displayed near the 

object being manipulated by a peer, and fades away over 

time. A study of 71 students and 4 teachers revealed that, 

with our awareness cue design, students’ awareness of their 

peers’ actions in the shared canvas was significantly corre-

lated with increased task focus and decreased frustration 

levels when peer conflicts arose. We also found that stu-

dents understood the awareness information conveyed and 

were able to self-monitor and coordinate within the group. 
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INTRODUCTION 

The proliferation of the Internet and wirelessly connected 

devices is driving greater demand for equal participation in 

classrooms, particularly among young learners. In 2011, 

28% of children 0 to 8 years of age had used a smartphone 

or tablet. In 2013, that number had risen to 72% [23]. With 

the goal of providing equity among students and leveraging 

their experience with computational devices, individual 

devices were introduced into classrooms with shared online 

digital workspaces to provide more engaging learning expe-

riences. The system we studied, SMART amp
TM 1

, provided 

a large web-based canvas shared across tablets and laptops 

for BYOD classrooms. We observed that without work-

space awareness of their peers’ actions, the collaborative 

workspace became chaotic, as students were frustrated and 

confused by other students’ actions, even in the co-located 

environment. Teachers had to focus on behavioural issues, 

such as posting signs about workspace etiquette, verbally 

reminding students not to shout out to the class, and asking 

students to be patient with peers and technology while 

working together (see Figure 1). Given that children, even 

during adolescence, are still developing their ability to con-

trol their attention and focus [21], high levels of frustration 

and confusion among learners occurred. A chaotic work-

space distracts students and teachers from their top priori-

ties: learning and teaching, respectively.  

In this project, we aimed to provide students with aware-

ness of their peers’ actions to address two aspects of stu-

dent-reported frustrations when working in the shared can-

vas environment. First, students were frustrated when ob-

jects were mysteriously moved or changed by an unknown 

                                                           
1
 https://www.smartamp.com/about 

   

Figure 1: Posters to remind students of good behaviours in the 

shared canvas. The highlighted text says “Don’t shout out to 

the whole class” and “Practice patience with peers and  

technology”. 
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peer “ghost” in the same workspace. Second, students 

found themselves in conflict when multiple students tried to 

act on the same object, resulting in a final object state that 

may not have matched students’ expectations. 

The main contributions of our paper include: 

 Callout Bubble, an awareness cue optimized for touch 

devices for learners in a shared canvas, 

 empirical results from a study with 4 teachers and 71 

students of the Callout Bubble design, and 

 lessons of real-world BYOD classroom problems, and 

design tips for BYOD awareness cues. 

RELATED WORK 

While different types of awareness have been studied [e.g., 

3,4,16], we aimed to support workspace awareness [9] to 

reduce student frustration while working on a shared digital 

canvas, with care to balance awareness and distraction. 

Workspace awareness refers to people’s “up-to-the-moment 

understanding of another person’s interaction with the 

shared workspace” [11:417] through observing collabora-

tors and artifacts. Lack of workspace awareness support can 

contribute to frustration during group work [10]. Previous 

research has shown that supporting workspace awareness 

for remote work can improve coordination and rate of con-

flict resolution [25] as well as task completion times, com-

munication, and user preference [10]. 

This section introduces relevant commercial and research 

work to survey the existing alternatives for supporting 

awareness of student collaboration on touch-devices in 

BYOD classrooms. 

Awareness Techniques for Remote Work 

There are many commercial online collaboration tools that 

support group brainstorming and creative processes, such as 

Google Docs
2
, Mural.ly

3
, and Padlet

4
. However, only a few 

of them provide awareness of the collaborators’ actions. In 

most cases, users only see the updated state without infor-

mation regarding who did what. 

Insertion cursor: Google Docs previously showed the lo-

cation of collaborators using insertion cursors with users’ 

first initials, and last names. It now shows the users’ full 

names. Although the insertion cursor is a widely recognized 

approach, students cannot always be associated with a spe-

cific insertion location in a free-form virtual canvas that 

supports different media types in addition to text. 

Mouse cursor: Telepointers [24] can be used to show the 

collaborators’ mouse pointers to allow coordination based 

on the whereabouts of others. Mural.ly shows the collabora-

tors’ mouse cursors with the users’ full names. Since most 

touch-based devices do not support hover, our design could 

                                                           
2
 https://www.google.ca/docs/about/ 

3
 https://mural.ly/ 

4
 https://padlet.com/ 

not leverage telepointers. However, we valued its benefit of 

conveying users’ current attention, and our design also 

sought to provide hints of user attention. 

Mini map: Many multi-player games provide a mini map 

partially centered on the user [6, 11]. However, inferring 

students’ locations may be difficult or inaccurate since stu-

dents’ workspaces may be too zoomed out on the canvas. 

Awareness Techniques for Student Collaboration 

Research on supporting workspace awareness has recently 

gained popularity within the domain of computer-supported 

collaborative learning (CSCL). Janssen and Bodemar [14] 

conceived of collaborative spaces as consisting of content 

space (e.g., cognitive activities, the subject-matter content) 

overlapping with a relational space (e.g., collaborator so-

cial interaction). These two spaces often focus on aspects of 

student work that is difficult to observe. 

Concept map: Providing students with their group mates’ 

self-created concept maps have been shown to be an effec-

tive way for students to share and compare their learning [8, 

19], which increases discussion and co-manipulation of 

items in the concept map. 

Group evaluation: Providing team members’ participation 

levels and peer assessments has shown benefits manifesting 

in higher levels of active contribution [16], group perfor-

mance [15], and group satisfaction [22]. 

This CSCL literature offers insights into providing feed-

back about student collaborators’ learning progress. On the 

other hand, our work investigated how student workspace 

awareness may be supported by providing the interaction 

information in the relational space. 

Awareness Techniques for Large or Multiple Surfaces 

The research in multi-surface environments for co-located 

work has explored ways to share information and manage 

information across devices [12, 18, 26]. Supporting work-

space awareness is mostly done via the shared workspace 

rather than on the individual devices [18, 26]. 

Large interactive whiteboards and tabletops present a simi-

lar challenge where collaborators are co-located but many 

awareness cues for collaborators’ interactions are hard to 

gather due to the size of the workspace [5]. Thus, we sur-

veyed related work to inform our design. 

Replay animation: In the context of large whiteboards for 

individual use, Bezerianos et al. [1] animate changes that 

happened at previously unattended areas when users pay 

attend to them. Although this approach may address change 

blindness, detecting and inferring students’ attention on 

touch devices reliably without additional equipment is 

technically challenging and infeasible for our project.  

Collaborator action indicator: Cambria [13] is a digital 

tabletop visual analytics application. It provides indicators 

for documents and search terms used by the co-located 

peers. Notifications of relevant actions are displayed near 
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users’ personal space. Our work took a similar approach, 

and we displayed a cue near the objects being manipulated 

in the user’s workspace. 

Historical timeline: Chang et al. [5] use an event timeline 

to provide a historical view of actions carried out in the 

workspace. However, students usually have a set amount of 

time for the lesson and collaborative activities, and they 

may not have time to browse through historical event logs. 

APPLICATION AND BYOD LEARNING ENVIRONMENT 

Our awareness cues were design for the commercial web 

application, SMART amp
TM

, offered by some of the co-

authors’ company, SMART Technologies (see Figure 2). It 

is a collaborative learning environment designed for BYOD 

classrooms, targeting students aged 6 to 17. Students each 

had a laptop or tablet, and SMART amp
TM 

connected them 

to a shared flexible canvas. The canvas allowed students to 

add text, drawings, and pictures in a free-form manner. Stu-

dents can freely zoom and pan with gestures, add shapes, 

and move and resize any content. Students can also link 

websites, online images, and embed YouTube videos.  

While the application is primarily used for co-located stu-

dents in a classroom, remote students can, individually or as 

a group, participate with equal access. Small groups can 

work in the same or different canvases. A chat system is 

provided for student discussion within the workspace. 

The shared canvas is implemented using the Google 

Realtime API
5
. Any manipulation in the canvas is broadcast 

immediately. When a student drags an object across the 

workspace, all students in the workspace see the object 

moving across the canvas rather than jumping to the final 

destination. The API provides a limited amount of space for 

storing variables so data communicated between devices 

must be kept to a minimum. 

                                                           
5
 https://developers.google.com/drive/realtime/ 

Issues Identified in BYOD Classrooms 

Since students are very focused on their specific virtual area 

in the workspace, gathering awareness of others to under-

stand and coordinate changes can be difficult. From our 

interviews and observations with teachers and students, we 

learned that they experienced frustration due to problems 

related to ghosting and action conflicts:  

Ghosting: Students were frustrated that their objects may 

be moved, changed, or deleted by peers in the same work-

space, without their awareness or permission. Since the 

shared canvas showed real-time updates of object manipu-

lations without identifying information, the experience was 

described as “ghosts” sabotaging students’ work.  

Action conflicts: Students’ actions may collide with each 

other, such as when multiple students simultaneously tried 

to move the same object, or when one student tried to move 

an object while another was editing it. 

While students did not intend to disrupt each other’s work, 

the lack of awareness meant that students did not know if 

someone else was working on that content until it was too 

late. The result was conflict resolution through a busy chat 

system or yelling out to peers in the classroom. This result-

ed in significantly more frustration and coordinating efforts.  

DESIGN REQUIREMENTS 

We hypothesized that workspace awareness would mitigate 

the frustration caused by ghosting and action conflicts to 

allow them to focus on their learning activity. Teachers 

preferred to allow students to learn respectful behaviour in 

the digital environment rather than automatically enforce 

particular behaviours. Thus, we felt that workspace aware-

ness of peers would encourage positive behaviours and we 

used the design requirements below to guide our design 

process. 

Balancing awareness and distraction: Students need to 

focus on the learning content and not be distracted by the 

awareness cue. Since the workspace may already be clut-

tered, the visual design of the awareness cue should be sali-

ent enough to be noticed, but subtle enough to avoid dis-

traction and clutter. The literature in awareness and distrac-

tion point toward creating a minimalist awareness cue [7, 

20]. Students also need to be able to visually associate the 

cue to the correct object. 

Appropriate for classrooms: The cue design must be un-

derstandable and easily interpreted by our target student age 

group (6 to 17 years old). Moreover, the design needs to 

take into consideration that students are easily distracted 

and tend to alternate between working and socializing with 

other students. The awareness cue needs to suit different 

subjects (e.g., language, science, and math), and activity 

formats (e.g., individual work, small group work, and large 

group brainstorm). Teachers may transition between differ-

ent activities in a lesson and may split and combine student 

groups several times. The cue should not discourage stu-

dents from contributing to the workspace.  

 

Figure 2: The commercial shared canvas application. Sophia 

K. is interacting with the “BYOD” text (also see Figure 7). 
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Applicable to a wide variety of devices: Schools use a 

wide variety of mobile devices with different processor 

speeds and display resolutions. Our design cannot assume a 

certain resolution, the presence of mouse pointers, or the 

existence of a hover state. The performance of the cue 

needs to be efficient enough for slower low-cost devices. 

CONCEPTUAL DESIGN 

To address the ghosting and action conflicts, we wanted a 

transient awareness cue to show the current state of the ob-

jects being manipulated. For example, in Figure 3, when 

John manipulates an object in the canvas (e.g. text, video, 

shape), all other students see a visual cue showing John’s 

name by the object, if the object is in their viewport (see 

Figure 3C). The visual cue then fades away over time (see 

Figure 3D). Identifying the student acting on the object is 

intended to address the ghosting issue. As John’s cue ap-

pears on the object, it signals to other students that he is 

working with it. This also allows others to decide if they 

should refrain from interacting. Providing this actor-object 

visual association is intended to address the action conflict 

problem.  

Since the awareness cue is displayed upon active selection 

of an object, it conveys the actor’s identity, real-time ac-

tions, and workspace location. Requiring active selection 

(as opposed to hovering) thus works for devices that do not 

have mouse cursors. Moreover, if an area already has many 

awareness cues, students can coordinate their actions by 

working in a less busy area and teachers can get a sense of 

where in the workspace students’ attention is, to inform 

their subsequent teaching  

activities.  

METHODOLOGY: DESIGN 
ITERATION OVERVIEW 

This section provides an over-

view (see Figure 4) of the pro-

cedure used in our design itera-

tions, from low- to high-

fidelity and the final redesign. 

The next two sections present our design rationale and how 

we incorporated findings from the teacher and student eval-

uations, we then provide an analysis and discussion of the 

final classroom evaluation.  

Low-Fidelity Iterations: Sketches 

We first explored the design space through sketches. In 

several design feedback sessions, stakeholders preferred the 

Dots design (see Figure 4A) based on our design require-

ments. Next, we created higher fidelity digital prototypes in 

PowerPoint and consulted with three teachers. They pre-

ferred the Balloon design (see Figure 4B) to minimize dis-

tractions. See our design rationale in Use of Findings in 

Evolution of Designs section. 

High-Fidelity Iterations: Balloon 

We implemented the Balloon design (see Figure 4C) which 

displayed a collaborator’s initials and faded out in a fixed 

amount of time. 

Student Evaluation 

After improving the design through an informal testing ses-

sion with 13 company employees, we conducted an evalua-

tion with a teacher and ten grade 5 students (ages roughly 

10-11), who had previously used the SMART amp™ sys-

tem (with no awareness cues), to understand the noticeabil-

ity of the cue, and how it would be used. We created two 

10-minute lesson plans on one workspace. A post-condition 

questionnaire contained Likert-scale and free-form ques-

tions, and asked about students’ usage and experience with 

the cue, such as awareness of their peers, task focus, frus-

tration level when conflicts arose, and whether they noticed 

the cue. Since the student participants were in Grade 5, the 

Likert scale questions also had emoticons below the rank-

ings (inspired by [3]) to prevent misinterpretation.  

During the school visit, the teacher led two exercises based 

on material developed by the researchers. Students used 

laptops and did the first exercise on “What is your favourite 

food?” without the new awareness cue, as our baseline. 

Then, they did the second exercise on “What are your fa-

vourite hobbies?” with the Balloon awareness cue. After 

each condition, students completed a post-condition ques-

tionnaire. The study was video- and audio-recorded. 

 

Figure 4: Our design iterations. Boxes above the arrow depict steps taken, and boxes below the 

arrow are the evaluations. Orange boxes denote evaluations with teachers and/or students. 

Pictures at the bottom show the selected visual designs that were being iterated upon. (A) Dots; 

(B) Balloon – PowerPoint mockup; (C) Balloon – Implemented; (D) Callout Bubble 

 

A B C 

D 

 

Figure 3: Conceptual design of student awareness cue. A) Stu-

dent John is interacting with a star on his tablet. B) Another 

student sees the star begin to move. C) With the awareness 

feature, she finds out that John moved it. D) The awareness 

cue fades out and disappears after some time. 
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Although students did notice the cue, they were confused 

about who the initials belonged to. 

Redesign: Callout Bubble 

We redesigned the cue to incorporate students’ first names, 

and the visual design resembled a Callout Bubble pointing 

towards its associated object (see Figure 4D). After two 

rounds of informal testing with brainstorming and small-

group collaboration tasks, we shortened the cue’s persisten-

cy to reduce distraction. As soon a student with a visible 

cue started interacting with an object, the student’s previous 

cue on other students’ workspaces disappeared automatical-

ly to better convey attention. We conducted a final evalua-

tion in 4 classrooms, which included two versions of the 

Callout Bubble revised based on the informal testing (see 

Impact of Callout Bubble section).  

USE OF FINDINGS IN DESIGN EVOLUTION 

We incorporated the findings from the student and teacher 

evaluations in the design evolution. We examined the loca-

tion of the awareness information, the amount of infor-

mation (e.g., actor’s identity, number of actors, and actions 

being performed), amount of historical information, persis-

tency of visualization, and interactivity of the awareness 

visualization (see the variety of initial designs in Figure 5). 

This section presents the iterations on our design. 

Cue Visual Design 

The visual design of awareness cues has two main compo-

nents: actors’ identity information and a tether to specify 

the object being acted upon. We explored different shapes, 

styles, colours, and locations of the tether (see Figure 6). 

We narrowed down to the Balloon design with a gray tether 

(see Figure 6A) as it satisfies the teachers’ preference on 

minimizing clutter while balancing noticeability, distrac-

tion, and clutter. In our student evaluation, all 10 students 

noticed the Balloon. The student survey showed a small but 

positive trend in average ratings of awareness of collabora-

tors (Mcontrol=3.78, MBalloon=4.45) and ease of focus on task 

at hand (Mcontrol=3.11, MBalloon=3.78). Student ratings of 

action conflict frequency and frustration level during these 

conflicts showed a negative trend (frequency: Mcontrol=3.44, 

MBalloon=3.22; frustration: Mcontrol=4.00, MBalloon=3.75).  

Although these are positive signs for the visual design, we 

had to redesign the cue to incorporate students’ first names 

(see Identity Information section below). To accommodate 

for the longer identifiers, we decided to adopt a Callout 

Bubble metaphor (see Figure 7), and attach the cue to the 

object as if it were “speaking”, rather than using the more 

abstract grey tether line in the Balloon design. This simpli-

fied actor identification for rotated objects, since the cue 

remained upright and is pointing at the object even when 

the object was rotated. 

Identity Information 

The Balloon design (see Figure 6A) used the students’ first 

and last initials to indicate who was interacting with the 

object. This identity representation required minimal space 

and was consistent with how identity was displayed in 

SMART amp
TM

. (Identity of creator and editor of an object 

was shown in a square box at the top right corner of an ob-

ject). Moreover, we used the students’ colours, uniquely 

generated based on their system logins, to provide addition-

al cues of identity. 

In the student evaluation, 7/10 students reported looking at 

the awareness cue when others got in their way. From the 

video recordings, we observed that, rather than being con-

fused about who moved an object, students noticed the cue 

and asked who it represented (e.g. “Who is JP?”). Although 

this showed a positive impact, it became apparent to us that 

initials were not sufficient for students’ awareness. 

 

Figure 7: Callout Bubble design. (A) Sophia K. is interacting 

with the “BYOD” text; (B) cue fades out; (C) cue re-adjusts its 

position when there is no sufficient space at the top. 

    

Figure 6: Some of the digital mock-ups showing different 

designs of awareness cue. (A) Balloon; (B) Elbow; (C) Line; 

(D), (E), and (F) depict when more than one user has inter-

acted with the object recently for A, B, and C, respectively. 

 

Figure 5: Some of the initial sketches showing varying 

amounts of identity, interaction, and history information as 

well as different locations for awareness information. 

 

A B
A 

C
A 

D
A 

E
A 

F
A 
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Our redesigned cue became a Callout Bubble with a stu-

dent’s full first name and last initial (see Figure 7). The last 

name was abbreviated as our study showed that students did 

not remember the last names of their peers. 

Interactivity & Interaction Information 

We iterated on whether the awareness cue should be inter-

active and how much interaction information to show. We 

considered the spectrum from using abstract representation 

(e.g., Figure 5A & Figure 5B) to showing the exact type of 

manipulation being done (e.g., Figure 5C). However, an 

abstract representation might not be noticeable enough. 

Considering the additional difficulty in selecting small tar-

gets, we chose a visualization that has no interactivity. 

In the high-fidelity phase, we initially increased the thick-

ness of the Balloon tether as more people acted on an object 

(see Figure 6A vs. 6D & Figure 6C vs. 6F). In our testing 

we found that few participants noticed this change in tether 

thickness so we removed this cue to simplify the design and 

reduce clutter. 

In the Balloon and Callout Bubble designs, the cue auto-

matically appeared when a peer interacted with an object 

within the user’s view. Actions that modified the objects’ 

visual properties (e.g., move and edit text) would trigger the 

cue. A selection also triggered the cue since it hinted at a 

person’s potential intent to start manipulating an object.  

Persistency of Cue  

The awareness cue information becomes quickly outdated 

so we designed it to disappear after some time. We iterated 

on a cue that persists for a while and then automatically 

fades out quickly. This resolved the issue of students’ con-

nections dropping due to unstable networks in some schools 

so that a cue would indicate a recent interaction. It also re-

solved the issue of a student selecting an object but then not 

actively working on it.  

In our first informal testing (see Figure 4, middle), the 

Balloon faded away gradually in 10 seconds, and the partic-

ipants reported that the initials were barely readable by the 

time they noticed the Balloons. Thus, we made the Balloon 

opaque for 8 seconds before fading out for 2 seconds. 

Our second informal testing (see Figure 4, right) with the 

Callout Bubble revealed that multiple Callout Bubble cues 

by the same student cluttered the shared workspace. A mis-

chievous student could overwhelm the workspace with 

Callout Bubbles by selecting many objects. Based on this 

feedback we changed the timing of the awareness cue 

(opaque for 5 seconds, then fade out in 2 seconds) and al-

lowed only one Callout Bubble per student. 

To ensure the Callout Bubble stayed close to the object be-

ing acted upon, we automatically moved the cue to a differ-

ent corner of the object if it became too close to the edge or 

partially off-screen (see Figure 7C). 

CLASSROOM EVALUATION OF CALLOUT BUBBLE 

This section describes our classroom evaluation on the final 

Callout Bubble design and its impact on students’ behav-

iour, and teachers’ classroom management. 

We conducted the evaluation in 4 classrooms (4 teachers 

and 71 students) to test the balance between awareness and 

distraction and the cue’s impact on students’ behaviours. 

Due to the timing of the software release, all groups used 

SMART amp™ but with two different versions of the 

Callout Bubble: two groups (38 students) used the first ver-

sion (Callout Bubble persists for 10 seconds and multiple 

cues per student) and two groups (33 students) used the 

modified version (Callout Bubble persists for 7 seconds and 

one cue per student). Students were in Grades 3, 4, 5, and 

12. The group sizes ranged from 2, 3, and 6 students, to the 

whole class. Students used iPads, iPad Minis, and laptops.  

All participants had used our system prior to the study. The 

teachers conducted their daily lesson as usual, but used the 

version with Callout Bubbles. The students and teachers 

filled out an online survey at the end of their lessons. 

Teachers were invited to participate in a phone interview 

session; and 1 teacher participated in the call. 

Questionnaire 

The student survey contained the same Likert-scale ques-

tions described in the Student Evaluation section above, 

without the emoticons (since the online survey tool did not 

allow images for Likert scales). It also contained questions 

pertaining to students’ workspace behaviour, such as 

whether they changed their behaviour when using the 

Callout Bubble (vs. no Callout Bubble), whether they no-

ticed the cues, and how they handled workspace conflicts 

with their peers. The teacher survey asked teachers about 

the lesson conducted, group size, and their feedback on the 

Callout Bubble. 

Data Analysis 

For the Likert-scale questions, we formed hypotheses and 

tested them with Pearson Correlations. For the question 

probing frustration level when others got in their way, we 

allowed students to skip the question if they did not encoun-

ter a conflict. Thus, only 58 data points were used for corre-

lation analysis related to student frustration level. 

For free-form answers on whether students’ behaviour 

changed with the new feature, we coded them using Gutwin 

and Greenberg’s Workspace Awareness Framework [9]. 

We coded for the awareness elements (who, what, and when 

for present information) and awareness activity (coupling, 

communication, coordination, anticipation, and assistance). 

Two researchers coded the student answers and reached full 

agreement on the final coding. 

Awareness, Conflicts, Distraction, and Frustration 

First, we wanted to confirm that student conflicts in our 

system and higher levels of frustration are related. Our re-

sults confirmed this and showed that frequency of conflict 

is correlated with higher frustration (r58=.395, p=.002). 
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As we aimed to provide Callout Bubbles to address student 

frustration from ghosting and action conflicts, we sought to 

confirm that we had made improvements in students’ 

awareness of peers’ actions, their concentration at tasks, 

and their frustration levels. We first asked if students no-

ticed and/or used the Callout Bubble. Almost all students 

(66/71) noticed the Callout Bubbles. Nearly half of the 

students (33/71) reported looking at the awareness cues 

when conflicts arose, while 15 students reported that no-

body “got in their way” as indicated in Figure 8, left.  

A potential disadvantage of providing awareness cues is 

that they may distract students while they were working. 

We hypothesized that higher levels of awareness of peers’ 

actions would be linked to more difficulties concentrating 

on tasks at hand. Surprisingly, we found that the students’ 

ranking of awareness of peers and ease of focus were posi-

tively correlated (r71=.336, p=.004). One teacher (T4) 

commented on the fact that students were more focused on 

their work after the Callout Bubbles were added, since they 

did not need to spend time or cognitive effort to figure out 

their peer collaborators’ actions: “It kept them moving on 

the project and not focusing on who was moving what.” 

This result suggested that awareness cues may be beneficial 

in helping students to focus in a shared workspace. 

The teachers reported that students’ initial “wow” moments 

spurred by seeing the Callout Bubbles appearing for the 

first time were distracting to the lesson. However, that 

quickly subsided and the Callout Bubbles provided a good 

balance between awareness and distraction after students 

got used to working in the environment with this new fea-

ture. 

We also hypothesized that higher levels of peer awareness 

would correlate with less frustration when conflicts arose. 

This was supported by the results, which showed a negative 

correlation between awareness of peers’ actions and frustra-

tion when conflicts arose (r58=-.322, p=.014). Students’ 

comments further indicated that having more awareness of 

peers might have minimized frustration when others were in 

their way. 

S21: “It is easy cause now we know if someone is just 

messing around cause [of] the bubble.” 

S58: “This Callout Bubble has saved my life because 

this can tell me who has been touching my stuff and 

been doing stuff.” 

S58’s dramatic comment suggests the level of frustration 

he/she experienced without the awareness cue and the per-

ceived value of the Callout Bubbles. 

Comprehensibility and Behaviour Change 

Our results showed that students were able to associate the 

identity information with the interactions. First, students 

understood the cue and acted upon it. For example, showing 

the identity of students helped the class to subsequently 

resolve issues that arose. 

S34: “… we now know who the source of the problem is 

so we can fix it easily.” 

In total, 43 students’ comments indicated awareness of their 

peers, and 35 students’ comments specifically showed the 

ability to link identity with interactions that happened in the 

workspace. For example:  

S17: “Yes because if someone was making a picture the 

size of the workspace I could see who it was.” 

More than half of the students (45/71) reported the Callout 

Bubble changed how they worked with others, while 20 

students reported it did not change how they worked and 6 

students did not answer or responded with irrelevant com-

ments (see Figure 8, right). Moreover, students commented 

on the type of awareness information they have gained. 

 

 

 

Figure 8: (Left) Self-reported actions taken by students when conflicts arose. 

This was a multiple selection question. (Right) Break down of students' answers 

to whether Callout Bubble changed how they work with other student. “No, 

but…” indicate students that responded no but then commented on how their 

behaviours changed. 

 

Figure 9: Count of awareness element and ac-

tivity coded. See Gutwin & Greenberg [9] for 

code definition. 
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More than half of the students (43/71) reported knowing the 

identity of peers (who), 35 students reported knowing the 

types of actions being carried out (what), and 8 students 

commented on knowing where other peers were working in 

the shared canvas (see Figure 9). The reported behaviour 

change and awareness information gain revealed that stu-

dents understood the meaning of the Callout Bubbles.  

Student Coordination & Self-Monitoring 

The Callout Bubble also conveyed a sense of peers’ loca-

tions and their current focus of attention. The results 

showed that some students were able to act upon this in-

formation. A total of 9 students commented that they could 

anticipate peers’ actions, as well as coordinate their actions 

accordingly (see Figure 9). 

S2: “... I knew where other people were working so I 

knew where to do my things so I wouldn't get in the way 

of others.” 

S40: “now it's easier to work so you know who's work-

ing on something so you don't get in their way.” 

Although the awareness cue was designed to help students 

coordinate the virtual workspace, one student (S3) com-

mented on the ability to coordinate their learning activities. 

This showed the potential of the Callout Bubble to facilitate 

learning in addition to just coordinating space. 

S3: “If I seen someone working on that part [of the pro-

ject] I would go to a different problem.” 

We did not expect students to use the awareness cue as a 

way to monitor each other’s progress. Surprisingly, the 

teacher feedback also indicated that the Callout Bubble al-

lowed for students to self-monitor and kept each other ac-

countable during the collaboration.  

T3: “It kept them more on task and they kept each other 

more accountable for what was happening in the work 

space … [keeping each other accountable] helped im-

prove efficiency of work and helping students identify 

where to work in the workspace...” 

Teacher Monitoring 

In addition to students’ behaviour changes, teachers noted 

that they were able to monitor activities from individual 

screens, which made determining student problems easier. 

T4: “It helped me for having to look and see who was 

doing what if a student had a problem because I could 

see it right on their screen.” 

Having the awareness cue automatically appear as the stu-

dents were interacting with objects on the shared canvas 

also reduced the cognitive and physical workload required 

to monitor student activities. 

T2: “I could keep tabs easier on who was doing what 

without having to check attribution [a feature in our 

system], and it was real-time.” 

Concern with Showing Identity Information and Clutter 

Despite the positive comments on improved student and 

teacher work, one teacher (T1) wondered whether shy stu-

dents would be reluctant to collaborate with others now that 

all students could see who is doing what in the shared can-

vas. However, the teacher also mentioned that the benefits 

outweigh this potential concern.  

T1: “My only concern is that some reluctant collabora-

tors will not be free with their responses if they know all 

others will see it? But really this shouldn't matter. The 

pros outweigh the cons for sure.” 

We designed the awareness cues to be transient with this 

exact concern in mind. Since the Callout Bubble faded 

away automatically, we believe the impact should be mini-

mal. 

In terms of clutter, while the Callout Bubble worked fine 

for the group sizes tested, a few teachers felt that being able 

to turn off the awareness cues for much larger groups would 

be a nice-to-have feature since the workspace would al-

ready be cluttered. As we also found in our informal testing, 

the awareness cue may not be useful in this scenario where 

students cannot avoid bumping into each other in the virtual 

space due to a large number of collaborators and content. 

Summary of Results 

Overall, the design of the Callout Bubble satisfied the de-

sign requirements and our goal to provide awareness while 

balancing distraction as indicated by our data analysis and 

teacher’s qualitative feedback. The results showed that the 

cue was noticed, used, and understood by students. Subse-

quently, students were able to coordinate their actions and 

self-monitor. 

DISCUSSION OF REAL-WORLD LESSONS 

The highly iterative design process drove substantial design 

modifications (see Figure 4). In this section, we discuss the 

lessons learned from this process. 

Design Lessons 

Visual Design and Amount of Information 

We aimed to balance awareness, distraction, and clutter 

through the iterative design process. We found that our vis-

ual design became more precise and minimalist over itera-

tions. For example, we switched from the vertical tether to a 

directional triangle in Callout Bubble to more precisely and 

effectively convey the association. We dropped the chang-

ing thickness of the tether, as it was too subtle. We also 

found that our use of initials to convey identity information 

in the earlier versions was not effective for the students. 

Designers should consider the suitability of identity repre-

sentation for a particular domain, e.g., initials vs. full 

names, or roles vs. names. 

Interactivity and Persistency 

We explored using interactive visualization to further re-

duce clutter and distraction. Although Dabbish and Kraut 

[7] suggested using abstract representation to reduce dis-
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traction, a small indicator might be too subtle to be noticed 

in a crowded canvas, and students might not be able to use 

their peripheral attention to maintain awareness of their 

peers. Moreover, since the awareness cue moves with the 

object, a small moving target would be hard to select on 

touch devices. The use of interactive abstract symbols 

would need to consider if the symbols were easily distin-

guishable from the content in a free-form canvas and how 

easy it was to interact with on mobile touch devices. 

Determining how long the cue should be persistent required 

several iterations to balance awareness and clutter. We 

found that the cue had to stay visible for several seconds for 

students to notice and gain the intended awareness infor-

mation before the cue faded away. An awareness cue’s pre-

cise timing of visibility may need adjustment in different 

contexts, depending on the size of the canvas and amount of 

contextual visual clutter. 

Conveying Attention on Touch Devices 

We chose to use the awareness cue to indicate a student’s 

active selection and interaction to accommodate the fact 

that there is no mouse pointer available on the touch tablets 

used in schools. By allowing for one Callout Bubble per 

student, the design better conveyed the object of student’s 

current attentional focus.  

Moreover, teachers sometimes design a lesson such that 

multiple applications are used in addition to the shared can-

vas. Students may be actively researching and exploring 

information in other applications while appearing to be 

idling in the shared canvas. Visualizing a persistent object 

that may be idling for a long time (e.g., mouse pointers) 

could add clutter and distract students rather than providing 

awareness. Thus, conveying active student actions in a tran-

sient way allows us to provide only the necessary infor-

mation. If designers prefer to visualize a persistent object in 

this context, they should consider ways to detect and com-

municate the in-app idling situation and activities outside of 

the collaborative workspace. 

Awareness for Collaborators and Moderators 

Although we designed the awareness cue mainly for stu-

dents, the teacher feedback revealed that students’ self-

monitoring behaviour also helped teachers. It is typically 

difficult for teachers to monitor student activities while stu-

dents are using their own devices. Applications with mod-

erators should also consider how the awareness of the mod-

erator is hindered or supported by the physical setup and the 

built-in awareness mechanisms.  

Pedagogical Concerns 

As we were designing for students, we took the approach of 

providing awareness cues that allowed for social mitigation 

of potential conflicts, rather than system-enforced coordina-

tion of virtual resources to address teachers’ concerns on 

encouraging learning. By incorporating transient cues into 

our design, our system supported student work patterns. 

Showing the identity of actors may discourage shy students’ 

contributions, yet the transient nature of the awareness cue 

may mitigate this concern. Teachers were concerned with 

permanently showing the creator and editors of objects in 

the shared canvas. This can be particularly troubling for 

low-performing students who may be discouraged, while 

the high-performing students may be embarrassed about 

being called out. Transient awareness cues help to minimize 

these concerns, and our results showed that it made a posi-

tive impact in real classroom situations. We sought teacher 

input throughout our iterative design process and their 

feedback kept us mindful of the unique needs of students. 

Practical Concerns 

As a real-world application, there were several practical 

constraints we had to overcome. The awareness cues repre-

sented interaction events rather than states due to potential 

network issues and underlying software architecture. In 

order to convey attention, we automatically made the stu-

dents’ previous cues disappear. We also had to decide on 

when the awareness cue location will be updated to provide 

close to real-time update experience while taking the slower 

network and devices into consideration.  

CONCLUSION, LIMITATIONS, & FUTURE WORK 

This project aimed to support students’ awareness in a 

shared digital canvas by providing identity and location 

information of collaborators’ active interaction with ob-

jects. This paper contributed a minimalist and practical de-

sign of a student awareness cue, Callout Bubble, for a 

shared virtual canvas being used across individual devices 

in a co-located environment. Our real-world, in-class evalu-

ation, showed that Callout Bubbles effectively balanced 

awareness, distraction, and clutter. It also allowed for self-

monitoring and more effective coordination among stu-

dents. Our design was optimized for use across touch tab-

lets, mouse-based laptops, and interactive whiteboards. We 

also contributed lessons learned through an iterative ap-

proach that effectively provoked refinement and redesign.  

This project focused on synchronous collaboration within 

one class. Further investigation is needed to understand the 

effectiveness of the cue for multi-class lessons and asyn-

chronous usage. Our results showed that there is also a need 

to provide teachers with in-class situation awareness, to 

better inform their coordination of student activities in the 

shared canvas. Further research is needed to investigate 

teachers’ information need, the types of medium to facili-

tate their situation awareness, and ways to leverage existing 

classroom technologies, such as interactive whiteboards. 

Considering the vastness of virtual workspaces, a relevancy 

model and an appropriate algorithm for notifying students 

of relevant actions while minimizing distractions warrant 

further investigations. 
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