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Interaction techniques for shared displays in collocated and distributed environments present a number of 
challenges. The proposed research will examine the affordances of tabletop, large wall-mounted, and hand-held
displays to determine how each best fits with specific tasks during face-to-face collaboration, and how each can
support the other. Included in this will be development of novel interaction techniques for use at a distance 
from the display, especially when used in collaborative environments where mutual awareness must be traded 
off against interference and distraction by one user's interaction with another's workflow. One component will 
look at the special case of collaborative authoring, which is often performed asynchronously.

Classroom and meeting room presentation support using shared displays is a special case of the more general 
work that is of particular interest. As with the more general topic, this continues recent work. In this case, 
studies in actual classrooms using special-purpose software designed to support multiple projectors to extend 
standard PowerPoint presentations to a much larger screen area more like traditional multi-blackboard "chalk 
talk" lectures is the topic of a just-finishing doctoral disseratation. Further work will assess specific 
pedagogical hypotheses and ways to engage students as active participants, rather than simply passive 
receptors.

Augmented, mixed, and hybrid reality offer another avenue for extending the research on shared displays. In 
this case the displays will be super-imposed or embedded in physical objects, and interaction techniques that 
flow seamlessly back and forth between the real and virtual representations of the objects or the information 
underlying them will be studied. Current work has looked at a variety of multi-projector augmented reality 
techniques for architectural plans.
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Budget Justification 
The budget on the previous page has the 
following components. 
Salaries 
The bulk of the funds requested in this 
application are for personnel. Funding requested 
for student stipends is the full-time equivalent of 
NSERC support for two master’s and one 
doctoral student per year. Usually students are 
supported from more than one source, 
depending on their research. This represents 
about 40% of the total annual costs for 5-6 
graduate students and 1-2 undergraduate 
students per year, which is the average I expect 
to have over the five years. 
A Discovery grant is rarely substantial enough 
to fully fund a postdoctoral fellow. The 
requested funds will provide partial support for 
a shared postdoctoral fellow, with additional 
support coming from other grants that I hold, 
grants held by a co-supervisor, or funding 
obtained by the postdoctoral fellow (NSERC 
PDF or other sources). I hope to have one 
postdoctoral fellow working with me at all 
times, typically co-supervised by one or two 
other faculty working on collaborative projects. 
A similar situation exists for research 
technicians. They are essential for large research 
projects, but cannot be supported solely by a 
Discovery grant. Again, I expect to pay part of 
the salary for a shared technician who supports a 
larger set of researchers and their students. 
Equipment 
Most equipment used in my research is either 
commodity computing (laptops or off-the-shelf 
input devices) or is specialized equipment 
obtained through NSERC RTI grants, CFI, or 
similar sources. 
Purchase of the equivalent of one laptop 
computer or a small number of input devices is 
anticipated each year, mostly for use by 
students. 

Operation and maintenance costs cover repairs 
and servicing of existing and future equipment. 
User fees pay for centralized printing, file 
storage, and other direct costs of research 
provided through the departmental 
infrastructure. 
Materials and Supplies 
Cables, adapters, connectors, and other small 
components are often required, and from time to 
time physical support structures (made of wood 
or shelving components) are necessary to 
conduct experiments mimicking workplace 
settings, or to provide experimental control of 
stimuli. One example is a set of wooden 
supports suspended from the Unistrut grid in the 
ceilings of our lab. The supports were used to 
mount Polhemus Latus sensors for a VR 
experiment – wood was required because the 
Polhemus senses a magnetic field, so the metal 
Unistrut could not be used directly, hence the 
need for a custom solution built by one of my 
graduate students. 
Travel 
Conferences where my students and I present 
papers include the annual ACM CHI, UIST, and 
CSCW conferences, and the Canadian Graphics 
Interface conference. UIST (User Interface 
Software & Technology) is a primary venue for 
research on new interaction techniques and 
devices; CSCW (Computer-Supported 
Cooperative Work) focuses on various aspects 
of collaboration; and CHI (Computer-Human 
Interaction) is the premiere international HCI 
conference. Graphics Interface, sponsored by 
the Canadian Human-Computer 
Communications Society, is the longest running 
conference in the area of computer graphics and 
interaction. It provides excellent opportunities 
for students to present their work and meet with 
their peers from other Canadian research labs as 
well as other international attendees. 
I endeavor to provide at least partial support for 
each supervised graduate student to attend one 
conference each year, and additional 
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conferences if they are presenting a paper or 
attending a workshop or doctoral symposium.  
The cost of conference travel for students is 
reduced when students are student volunteers 
(most of my students apply for this and many 
are selected), or when university travel grants 
are available if students present their own work. 
This still totals about $1000 per student per 
year. The funds requested in this application 
will only pay a portion of the total travel costs. I 
expect other grants to cover the costs for 
conference travel related to research funded 
under those grants. 
Postdoctoral fellows also require travel funds 
for conferences, and to enable them to serve on 
program committees (postdoctoral fellows 
supervised by me have served multiple times as 
poster or demo chairs for various conferences, 
and in some case have been on paper selection 
committees). Again, the funds requested in this 
application pay only a portion of these travel 
costs. 
Dissemination costs 
Dissemination of results is largely in digital 
formats, with most conference and journal 
papers submitted electronically as PDF files. 
These have little or no incremental cost. Printing 
and laminating for posters, and occasional 
shipping costs for equipment used in demos at 
conferences, are the only significant 
dissemination expenses. To illustrate new 
interaction techniques, videos are often 
produced.  Students usually shoot and edit these 
using in-house facilities, sometimes incurring 
modest user fees. Distribution is often via 
YouTube, which is free. The funds requested in 
this category are therefore modest. 
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Research Support 
As I approach my final five years as a full-time 
research faculty member (I plan to start phased 
retirement in 2015), I have one continuing 
funded project and three grant applications that 
are under review (this Discovery grant 
application being one of them). The other three 
grants have the following relationships to the 
research proposed in this application. 
NSERC Strategic Project grant: ARTIFACT 
A four-year strategic project grant led by Dr. 
Sheryl Staub-French (Civil Engineering, UBC) 
with co-investigators Dr. Rachel Pottinger 
(Computer Science, UBC), Dr. Melanie Tory 
(Computer Science, UVic), and me is examining 
a variety of ways that advances in information 
and communication technology (ICT) can be 
used to improve construction technology. The 
grant will have a six-month overlap with the 
five-year research proposed in this application. 
My role in ARTIFACT is largely focused on 
collaboration technology, and (with Dr. Tory) 
visualization techniques appropriate for various 
stages of construction planning and 
management. Some of this is an outgrowth of a 
recently completed five-year NSERC strategic 
network (NECTAR); technology initially 
developed under funding from NECTAR has 
been adapted and deployed for use in 
construction planning and management 
activities. There has been, and continues to be, a 
synergistic interplay between the project-
specific applied research in ARTIFACT and the 
more basic research supported by my NSERC 
Discovery grant. 
NSERC RTI grant: Video processor 
I have submitted an application, with co-
applications Dr. Sidney Fels (Electrical and 
Computer Engineering, UBC) and Dr. Martin 
McKeown (Medicine, UBC), for funding to 
upgrade two large wall-sized displays. The 
existing 4x3 arrays of projectors are currently 
driven by a now-obsolete cluster of PCs. The 
cluster runs custom Linux-based software with a 

proprietary high-speed connection between 
processors to support multiple displays. This 
was “state of the art” when it was purchased in 
2004. Today, off-the-shelf commodity PCs can 
produce adequate graphics for twelve projectors. 
The video processors will provide a dual-DVI 
interface, compatible with Windows, MacO/S, 
and Linux (so we are not bound to a single 
platform). It will also provide smooth blending 
between the various projectors, eliminating 
some of the artifacts inherent in a display 
comprising a mosaic of 12 projectors. 
This equipment will support a lot of the research 
proposed in this application that focuses on 
large wall-sized displays. It will be shared with 
the two co-applicants and their students, as well 
as with other colleagues with whom we 
collaborate. 
NCE: GRAND 
I am the scientific director for a proposed new 
NCE on New Media, Animation and Games. 
This responds to the targeted call for letters of 
intent by the NCE Program on December 1, 
2008. Our letter of intent was accepted on May 
7, a full proposal was submitted August 11, and 
a “site visit” was held in Ottawa on August 24. 
Announcements of funding will be made in late 
October or early November, 2009.There are 50 
network investigators spanning nineteen 
universities who participated in the application. 
If the new NCE is funded, 75% of my time will 
be spent as the scientific director and as a 
researcher in GRAND. I will have a reduced 
teaching and administrative load in my 
department to accommodate this. I expect to 
receive approximately $60,000 per year for 
research I conduct as a network investigator in 
GRAND. This is approximately the same 
amount I received each year over the five years 
that NECTAR (the NSERC strategic network) 
was funded. The NCE Program is very clear in 
specifying that is does not fund the full costs of 
research. Network investigators are expected to 
have other sources of funding, such as 
Discovery grants, which the NCE Program 
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leverages through its incremental funding. This 
is definitely true in my case. Roughly half of the 
funding for my students, and a portion of the 
funding for a postdoctoral fellow, is expected to 
come from this NCE funding, if it is awarded. 
The research related to large wall-sized and 
tabletop displays proposed in this application for 
an NSERC Discovery grant will be significantly 
enhanced by complementary multi-university 
research conducted as part of a project on shared 
displays that will be funded through GRAND. I 
expect that some research currently funded 
under the ARTIFACT strategic grant will 
continue under GRAND as well. 
In addition to the research on shared displays, as 
scientific director I will be involved in two 
projects within GRAND that examine how web-
based collaboration technology and social 
networking software can be utilized to increase 
the effectiveness of the NCE by supporting 
cross-university and multi-disciplinary 
engagement in the research. These are 
outgrowths of my existing research interests, but 
are largely disjoint from the research proposed 
in this application, except for some potential 
application of the ideas under development that 
relate to structured annotations for co-authored 
documents. 
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Note: Throughout the application, citations in 
[brackets] refer to entries in the list of 
references; those in {braces} refer to entries in 
the Personal Data Form 100. 

Objectives of the research program 
The long-term goal of my research program is to 
gain a better understanding of how to design and 
implement interactive systems to support 
particular workflows. Initially my focus was on 
single-user tasks, such as document preparation, 
scientific visualization, or entertainment and 
learning. Over the past decade, the focus has 
shifted to collaborative versions of these tasks 
where multiple users, each with different 
expertise and playing different roles, interact 
with each other through and supported by 
technology. This has included both same-time 
and different-time (synchronous and 
asynchronous) as well as same-place and 
different-place (collocated and distributed) 
scenarios, but most of my recent work is on 
synchronous, collocated interaction using large 
displays (wall-sized and tabletop). 
There are four main threads in my current 
research that at times intertwine, but also 
represent important contributions on their own. 
These are: (1) tools to support collaboration 
using large shared displays, (2) deployment of 
virtual and augmented reality techniques to 
support richer interfaces to information, (3) 
authoring and presentation tools to take 
advantage of digital media technology, and (4) 
exploring the increasing importance of 
multimodal interfaces, especially involving 
touch. 
Progress in research 
My research over the past five years has largely 
focused on collaboration technology: the design 
and evaluation of interactive systems to support 
tasks undertaken by groups of people. This is 
the subset of human-computer interaction 
(HCI) referred to as computer-supported 
cooperative work (CSCW). Much of my work 
has been exploring affordances of shared 

displays in both collocated and distributed 
environments through new interaction 
techniques for large wall-sized displays and, 
more recently, investigations of multi-touch 
tabletop displays. My expertise lies largely in 
the domain of interaction techniques. It builds 
on past work in computer graphics and analysis 
of algorithms. 
By far the largest effort over the past five years 
has gone into research on shared displays for 
face-to-face (collocated) activity in meeting 
rooms and classrooms. This began when my 
students and I developed Mighty Mouse [1], a 
system to allow multiple users to control each 
other’s desktops (or laptops) while viewing 
them on shared projection displays. This was 
further developed through a series of master’s 
theses and doctoral dissertations that have 
addressed issues such as: (1) what information 
is to be shared? (2) how might information be 
better presented to those who are not the 
owners? and (3) who gets to control which 
information is seen and why does it matter? 
Other approaches to screen sharing, such as the 
Stanford iRoom [9] and tools like VNC [12], 
have an all-or-nothing approach to sharing – if 
information on a laptop has sensitive 
information, don’t share the screen view; 
otherwise, let everyone see the entire screen. 
There are many situations where this does not 
work, such as when some information on the 
screen is highly sensitive but not necessary for 
the current task, while other information is not 
sensitive but is necessary for the task. This and 
other considerations led to the idea of role-
based viewing, which tailors the display of 
shared desktops to the needs of the viewer. 
In role-based viewing {12} the owner of the 
information sees everything on his/her laptop, 
but the view seen by others on the shared screen 
is altered to either hide sensitive information or 
to augment salient information that might 
otherwise be hard to understand. An important 
realization that arose from this work was that 
the shared secondary display serves a different 
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purpose than the primary display. 
Understanding the needs of other viewers, such 
as being able to see what operations are 
performed on a spreadsheet, is important. 
Ordinarily only the owner is looking, so Excel 
(for example) is optimized to make menu and 
command selections quick and visually non-
intrusive. This means that someone who is 
watching those actions be performed by the 
owner finds it difficult to understand what 
operation is being performed and on what data. 
MSc student Berry’s solution was to change 
both the temporal and spatial characteristics of 
operations to provide a better fit between the 
displayed information and the role each human 
viewer plays {12, 30, 33}. 
Building on these two projects and motivated by 
a belief that large displays provide a 
qualitatively different experience from desktop 
or single projector displays, we looked at 
current limitations of laptops’ ability to drive 
multiple external displays {28}. My research 
team developed a second-generation version of 
Mighty Mouse called Lacome (large 
collaborative meeting environment) that uses 
standard tools such as VNC to support sharing 
of multiple desktops on a large wall-sized 
display {26}. This solves a number of problems 
related to privacy and security, and provides a 
robust platform-independent mechanism for 
screen. Two other components were 
investigated in parallel with this: interaction 
techniques for large displays where users use 
body gestures as the primary input technique, 
PhD student Shoemaker’s shadow reaching {2, 
6, 35, 36}, and an extensive investigation by 
PhD student Lanir of how very large displays 
can be deployed in the classroom with an initial 
emphasis on tools for instructors, called 
MultiPresenter {3-5, 29, 37}. 
My research on authoring tools continues a 
longer-term interest in document preparation 
dating back to the 1970s when I helped develop 
a then state-of-the-art system that integrated 
text, diagrams, and equations [3]. My most 
recent work looked at the problem of co-

authoring, with a focus on the tight review-
revise-redistribute cycle in which multiple co-
authors engage during the final phase of 
developing a document (such as a conference 
paper during the last two weeks before the 
submission deadline). The notion of “structured 
annotations” was introduced to simplify 
suggestions and changes in a document to make 
the review and revise tasks easier by grouping 
annotations in a semantically meaningful way 
that echoed the workflows of both the annotator 
and the reviewer-reviser {11, 32}. 
Work on virtual and augmented reality tools {9} 
to support collocated and distributed 
collaboration, and the use of haptics and other 
modalities also continue long-term research 
interests, this time with the goal of enhancing 
user experience in collaborative settings, not 
just single-user settings. A just-completed 
master’s thesis by Maksakov {27} examined 
how two users could share a large wall-sized 
touch screen, each seeing appropriate head-
coupled views of a 3D scene that would “blend” 
to a common view when the users were viewing 
the same portion of the screen. A laboratory 
experiment indicated that separate head-coupled 
views did not adversely affect one user’s ability 
to monitor peripheral activity by another user.  
Haptics research co-supervised with Dr. Karon 
MacLean {1, 8, 10} examined the affective 
nature of touch, both for input and as feedback. 
I expect to incorporate this into future work on 
multi-touch tabletops when the appropriate 
technology exists. (Our studies used specialized 
equipment developed for laboratory use.) 
My research on wall displays has three primary 
targets: meeting rooms (work), classrooms 
(education), and rec rooms (entertainment). The 
Lacome research {26} addresses work, 
MultiPresenter {3-5, 29, 37} addresses 
education, and two research projects funded by 
Panasonic addressed entertainment by looking 
at use of large screen displays by families in 
their homes. The focus in the next few years 
will be on meeting rooms and classrooms. 
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Literature pertinent to the proposal 
There is a rich literature on collaboration 
technology, especially on large shared displays, 
dating back almost two decades [6, 14]. 
Winograd’s group at Stanford developed the 
iRoom that included a number of tools to 
support face-to-face collaboration on both wall 
and tabletop displays using a combination of 
built-in computer infrastructure and ad hoc 
connections to personal laptops and hand-held 
devices [9, 10, 13]. Key issues include 
understanding the social conventions and 
expectations of shared displays [5, 17], how to 
interact with parts of a large screen that cannot 
be easily reached through either hand or mouse 
movement [2, 4, 16], and how to integrate 
personal hand-held displays into these 
environments [11]. Han’s recent introduction of 
frustrated total internal reflection (FTIR) to 
enable vision-based sensing for multi-touch 
surfaces [8] led to a flurry of research that is just 
in its infancy. 
Methods and proposed approach 
Good research in HCI requires that a variety of 
quantitative and qualitative methodologies be 
used. CSCW especially requires this because of 
the complex social dynamics often involved [7]. 
Most of my research starts with observations of 
existing work practices: interviews, field 
studies, and formative laboratory experiments to 
establish baseline performance and identify 
areas of concern. This is followed by an 
iterative design cycle, often using a 
participatory design approach (clients are part of 
the team rather than being simply objects of 
study). One or more prototypes are then 
developed, and each is evaluated through a 
range of informal to formal techniques including 
deployments in the field, controlled laboratory 
experiments, and – in a few cases – longitudinal 
studies. Most projects are done over a number 
of years, with different graduate students 
involved in the various steps. 
For the next five years I have identified specific 
projects in the four areas identified above: (1) 

collaboration using large shared displays, (2) 
richer interfaces using virtual and augmented 
reality, (3) authoring and presentation tools, and 
(4) multimodal interfaces, especially multi-
touch interfaces. 
My students and I are continuing to work on 
Lacome and MultiPresenter, with the goal of 
integrating features from both into systems that 
fully support group workflow in meeting rooms 
and classrooms. MSc student Russell 
MacKenzie has substantially re-designed the 
architecture for Lacome to fully utilize the 
cross-platform advantages of Java, and the 
multiple implementations of VNC [1] that exist, 
each with its own platform-specific benefits. 
These features will be deployed in 
MultiPresenter so that instructors can allow 
students in a classroom to post material on the 
screen using simple copy-and-paste metaphors 
or by selecting a portion of their laptop screens, 
and to navigate through slides and other 
material on the screen when asking questions. 
Research questions to be addressed include 
privacy and security issues (an extension of the 
techniques developed earlier by MSc student 
Berry), turn-taking (the literature suggests 
different approaches, some student-centric, 
others instructor-centric, including give-and-
take protocols reminiscent of earlier work I did 
with Inkpen et al. (1997)), and how pointing and 
selection actions can be displayed in a manner 
that engages all students, not just the student or 
instructor who is controlling the screen. Over 
the next three years we will look at how these 
tools can be integrated into current classroom 
environments, and perhaps made interoperable 
with student response systems such as the 
iClicker devices now in use at UBC. We will 
explore how to use these devices to capture 
student’s interactions with the lecturer’s 
material, expanding on techniques introduced in 
Abowd et al.’s Classroom 2000 system [15]. 
A very important on-going question is whether 
using more screen real estate, and the techniques 
developed by PhD student Lanir for 
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MultiPresenter, actually lead to better learning 
outcomes for students. A preliminary study 
conducted as part of his dissertation research 
supports evidence in the pedagogical literature 
that this is the case {37}. But more studies are 
required. These will be pursued in collaboration 
with colleagues who specialize in assessing 
educational technology. 
A body-centred model for interaction with large 
screens, especially effective when working at a 
distance, will continue the shadow reaching 
work by PhD student Shoemaker. This will 
employ techniques from virtual and augmented 
reality to develop “device-less” interaction 
techniques for use in meeting rooms and 
classrooms. We will also explore how text input 
can be accomplished in these situations: there 
are currently no satisfactory solutions other than 
specialized gesture-based systems that require 
substantial learning on the part of users. 
MSc student Fernquist is investigating another 
aspect of body-centred models to determine how 
knowledge of users’ locations around a tabletop 
display can be used to disambiguate multi-touch 
input and to tailor the display of information 
(this continues previous work with MSc student 
Hancock {20}). 
Anticipated significance of the work 
All of my research is reported in the peer 
reviewed literature, usually appearing first as 
conference papers – these are the normal venues 
for fast-breaking research in computer science – 
and later, in more polished form, as capstone 
journal articles that often synthesize a number 
of related projects previously reported at 
conferences. 
My work on collaboration technology has both 
theoretical and practical importance. A beta 
version of the MultiPresenter software has been 
available for download for over a year, with 
more than a dozen users at UBC (we don’t track 
downloads elsewhere). The Lacome software 
will be released in Beta form after adequate 
documentation is prepared. The MultiPresenter 

software had significant use within classrooms 
as part of the research for Lanir’s dissertation. If 
it can be integrated into other classroom 
technology, such as “clickers,” I expect this 
could have a very strong impact on future 
classroom teaching by providing a middle 
ground between blackboard-based lectures and 
PowerPoint-based presentations, both of which 
have well known limitations. 
Much of my research is conducted with industry 
partners: NECTAR, ARTIFACT, and GRAND 
all have significant ties with industry that serve 
to move results from my research to practical 
application through students who are 
subsequently employed, or through various 
types of technology transfer. Research I conduct 
under Discovery grant funding often is the first 
step in a chain that leads to these partnerships. 
Training of highly qualified personnel 
The highly interdisciplinary nature of my 
research provides opportunities for my students 
to engage in activities that bridge between 
computer science and other disciplines. Over the 
past six years collaborations have included 
research projects with business, civil 
engineering, education, electrical and computer 
engineering, fisheries, kinesiology, landscape 
architecture, medicine, and psychology. In some 
cases projects are initiated by colleagues in 
other disciplines, providing an opportunity for 
computer science students to learn about 
important problems such as understanding 
climate change or the many factors influencing 
fishing policies. In other cases the 
collaborations arise because the research 
requires knowledge or skills from other 
disciplines, such as understanding human hand 
movement as it pertains to interactions at a 
distance or pedagogical theories and findings 
related to classroom presentations and teaching 
styles. 
Students and other trainees are involved in all 
aspects of my research program. Undergraduate 
students are engaged as full-time summer 
interns, usually with the aid of NSERC USRA 
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funding, and through course projects and 
directed studies courses. Many of the 
undergraduates who work in my lab assist with 
on-going research as part of their Honours thesis 
or for course credit in COGS 402, a fourth-year 
course in UBC’s Cognitive Systems program in 
which students are embedded in a research lab. 
In most cases the undergraduates are paired with 
graduate students who serve as mentors. This 
serves a dual purpose: it provides a richer 
experience for the undergraduates and it 
develops critical team leadership skills for the 
graduate students as well as assisting them with 
their primary research tasks. 
A similar system of mentoring exists between 
PhD students and master’s students, and with 
postdoctoral fellows. A significant change in my 
research over the past decade has been the 
inclusion of postdocs in my research team. This 
has had a very positive impact on my 
productivity. It has been enabled by two factors: 
I have been fortunate to have enough funding to 
partially support postdocs co-supervised with 
other researchers, and postdoc positions are 
increasingly part of the normal academic career 
path for computer scientists, something that was 
not true a decade ago. During the past six years 
I have had three postdocs, each of whom played 
a significant role in supervising graduate and 
undergraduate students. One now leads a user 
experience group for a major bank, one is a 
faculty member in computer science at a 
Canadian university, and one is just completing 
a postdoc with me that is co-supervised with a 
colleague in electrical and computer 
engineering; she has applied for a research 
position with a Canadian federal laboratory. 
All of my students participate in a weekly 
research seminar, the Interaction Design 
Research Group (IDRG). The focus is on 
reading and discussing relevant papers from the 
HCI literature over a broad spectrum of topics, 
not just those directly related to my research 
program. IDRG is also used as a venue to 
rehearse conference presentations and to gain 
feedback on work that is being submitted for 

publication. A few times each year we invite 
HCI-related researchers from other departments 
to present overviews of their research to gain an 
appreciation for methodologies and research 
approaches in other disciplines. I co-lead IDRG 
with my colleague, Dr. Joanna McGrenere, with 
participation from three to five other faculty 
researchers and their students, depending on the 
topics under discussion. This gives students an 
opportunity to develop critical analysis skills 
and gain experience presenting and critiquing 
their own work and that of others. 
In addition to experience working in 
multidisciplinary teams and learning about the 
research literature, most of my students attend 
international conferences to gain insights and 
inspiration from leading researchers in the field 
of HCI. This also provides an opportunity to 
exchange ideas with students from other 
universities and other countries. Subject to 
available funding, I encourage each of my 
graduate students to attend one research 
conference every year. Often they serve as 
student volunteers, which enriches the 
experience for them and also provides reduced 
or waived registration fees and sometimes 
subsidies for meals and accommodations. Many 
of my doctoral students participate in doctoral 
symposia and workshops associated with 
conferences, which provides further, more 
focused opportunities for them to seek advice 
from top researchers in their particular areas of 
interest. Travel is increasingly costly. 
Leveraging university travel funding for 
graduate students who present their work at 
conferences, student volunteer subsidies from 
conferences, and opportunities to participate in 
research consortia meetings such as for the 
NECTAR strategic network over the past five 
years and for the proposed GRAND NCE over 
the next five years makes it possible to provide 
these opportunities for students. The payback 
from this investment can be seen in a higher 
success rate for student publications and 
students’ development of their own peer 
network within their fields of interest. 
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