©Copyright 2013

Alexander Thayer



Understanding University Students’ Use of Tools anifacts in Support of Collaborative

Project Work

Alexander Thayer

A dissertation
submitted in partial fulfillment of the

requirements for the degree of

Doctor of Philosophy

University of Washington

2013

Reading Committee:
Charlotte P. Lee, Chair
Jan Spyridakis, Chair

Cecilia Aragon

Skip Walter

Program Authorized to Offer Degree:

Human Centered Design & Engineering



University of Washington

Abstract

Understanding University Students’ Use of Tools anifacts in Support of Collaborative

Project Work

Alexander Thayer

Chairs of the Supervisory Committee:
Assistant Professor Charlotte P. Lee

College of Engineering, University of Washington

Professor Jan Spyridakis
Department Chair, Human Centered Design & Engineeri

College of Engineering, University of Washington

When designers collaborate on projects, they usssortment of tools to generate a variety of
artifacts that help them complete their work. Hoarewt remains unclear houwniversity
studentause tools and create artifacts as they collabamadesign projects. More importantly, it
is unclear how these students make tool-relateidas throughout their design projects, as

well as how the different types of work they penfionfluence their overall collaborative



process. Developing a greater understanding oétheenomena will help members of the
computer-supported cooperative work (CSCW) commyuretter understand the complex
structure of collaborative project work, as welltlas role of tools and artifacts in both
structuring and being structured by students’ cimattbn practices. The current research project
explores university students’ use of tools andauts for collaborative project work by
observing the work practices and decision-makirmg@sses of the students in an advanced
interaction design class throughout an entire anaclquarter. These students performed task
work, articulation work, and metawork as they cdteglitheir personal toolbelts, decided which
tools to use, and then developed artifacts usiogghools, all in order to create the necessary
deliverables and final design products for the seuhey were taking. Students’ decisions about
how to structure their task work influence theioe of tools, and those choices in turn
influence their processes of artifact creation a8 as their performance of articulation work and
metawork. This dissertation documents the reflexiateire of that relationship among students’

tool-related decisions, artifact-related creativecpsses, and collaborative practice.
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Chapter 1. Introduction

When designers (whether students or professionaligborate on projects, they use a wide
assortment of tools to complete their work (cf.hfberg, Roschuni, & Agogino, 2011). As they
perform tasks using different tools, they also gateea variety of artifacts such as sketches,
handwritten notes, interface design ideas, anchgafg Bucciarelli, 1994; Henderson, 1991;
Henderson, 1999). However, it remains unclear boiversity studentase tools and create
artifacts as they collaborate on design projectsreMmportantly, it is unclear how students
make tool-related decisions throughout their depigects, as well as how the different types of
work they perform influence their overall collabtiva process. Developing a deeper
understanding of these phenomena will help memiddisee computer-supported cooperative
work (CSCW) community better understand the comptexcture of collaborative project work,
as well as the role of tools and artifacts in tsitlicturing and being structured by students’
collaborative practice.

The current research project begins to fill thesesgn the discourse by exploring university
students’ use of tools and artifacts for collab@eaproject work. This research project involves
observing the work practices and decision-makimmg@sses of students in an advanced
interaction design class at a large universityradeoto describe how they make tool-related
decisions in the context of their performance &fiedent types of work.

The overarching research question for this studgi®llows:How do university students
use different tools and artifacts for their collabaative design project work? Answers to the

following research sub-questions will help adddssoverarching question:
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e What is the constellation of tools and artifactst thniversity students use and create to
support their collaborative work?
e How do they decide which tools to use to suppaeirtbollaborative work?
e How does their performance of task work, articalativork, and metawork organize,
facilitate, and constrain their collaborative pobjesork?
The findings and data analysis from this researofept yield theoretical and practical results
relevant to the CSCW research community. Speclyiceide theoretical concept of “metawork”
is a distinct type of work separate from task wankl articulation work; given that this concept
is presently undertheorized, this dissertatiorhentspecifies what it means for students to
perform metawork. Finally, students’ performancehaf combination of task work, articulation
work, and metawork are analyzed in the contexheirttool-related decisions and artifact
creation processes in order to better understanddbiotechnical nature of collaborative design

project work.

Study Overview
The setting for this study was an advanced intemactesign (IxD) course at a large

university in the Pacific Northwest region of thaitéd States. This university operates on a
guarter system, meaning that all courses span 10 teeeks for classroom-based sessions plus
an additional week for final exams and presentatidihis course took place during Winter
Quarter 2012 and lasted from January 3 to Mardm@&l presentations occurred on March 13.
The course officially met twice a week for 170 ntesiper session, for a total of about 63 hours
of scheduled course time.

The 28 students in the course formed six teams, fetir or five students per team, within

the first two weeks of the quarter. Each team \eggsiired to have three IXD students and one or
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two students from other departments and disciplifiee course was organized around a central
theme: developing design concepts for the MicroBeftign Expo 2012, which is an annual
competition among a select group of student tedims.event occurs during the annual
Microsoft Research Faculty Summit. As the quartegpessed, students were asked to complete
one assignment independently and 10 assignmenébondtively. As a course requirement,
students formed their teams around the IxD studafitef whom had taken the junior-level
version of the same course during the prior acaclgear.

This study used a combination of research methmdather data about the student
participants. A survey with closed- and open-engigestions was conducted to collect students’
demographic information, their uses of software badiware in the context of their academic
work, and their thoughts on how they selected ¢aents in which they would work throughout
the academic quarter. Participant observations e@nducted in order to develop a clear picture
of students’ facilitation of their collaborativegpect work. The results of these observations
yielded interpretive insights into students’ demns about how to facilitate their collaborative
efforts, as well as their processes for their gpernce of task work, articulation work, and
metawork. Within a month after the end of the acaidequarter, 16 of the 28 students were
interviewed about how they planned, analyzed, aatbated the tasks and activities they

completed for their project.



Chapter 2. Research Motivation and Literature Reviav

Given the broader question of how university stisiese tools and artifacts in the service of
their collaborative work, the review that followsad/n upon literature from the CSCW, human-
computer interaction (HCI), and design studies comitres. As the name suggests, the CSCW
literature base includes a number of sources ikatisis how cooperative and collaborative work
are performed in the context of technology use. W3¢cholars have spent a great deal of time
documenting work as a phenomenon, and the sourcksled here provide the necessary
background in this regard. The CSCW literature imsemplementary to that of the HCI
literature, and provides a host of relevant studra$theories about the different types of
interactions that take place between humans amodmgy, and how to improve those
interactions. Finally, research in the design sssdiommunity attempts to tie together concepts
of work and how projects proceed with the spedifes of tasks, activities, and practices in
which designers engage.

This literature review is divided into six partdelfirst part describes the definitions of
essential terminology related to collaborative pcowork. Specifically, coordination,
cooperation, and collaboration are defined in thaext of students’ team work practices. The
second part of the literature review distinguistiestypes of work that occur on collaborative
projects, with a focus on describing the conceptaticulation work and metawork.

The third part of the literature review draws upesearch from the design studies
community to define important terms that relatéhi use of tools and artifacts on collaborative
design projects. The fourth part discusses hovCtBEW concepts of ordering systems and

brackets situate the concepts of tools and arsifiacthe context of collaborative work in general,



and takes a design studies approach to revealwgduds and artifacts are used during the
collaborative design process in particular.

The fifth part of the literature review presents ttoncept of project-based learning, the
current thinking around this pedagogical approadid, the most important questions that are
currently related to university students’ collaliora work. Finally, the sixth part provides an
overview of the terminology and application of aetetwork theory (ANT). Elements of ANT

form the conceptual framework for this dissertatiesearch.

Coordination, Cooperation, and Collaboration in theContext of Students’ Team Work
Within and across academic disciplines, the wood®fdinate,” “cooperate,” and

“collaborate” intermingle so much that it becombaltenging to differentiate among them
without a field guide. In this section each of #nésrms is defined in turn before the
interconnections among them are described in theifspcontext of this research project.

Coordination defined. Bannon and Schmidt (1989) describe “coordinativetk as distinct
from “collaborative” or “cooperative” work, but dwt elaborate on what exactly constitutes
coordinative work. Malone and Crowston (1994) armag the first CSCW scholars to provide
this clarification. After reviewing a number of flifent definitions for coordination, they define
it as “managing dependencies between activitiesOQp, where “dependencies” can refer to the
requirement that a task is completed successfellgrb the next task can begin, or to the
availability of a team member to work on a taske Hext section characterizes the definition
and alignment of these dependencies in the coofeatticulation work.

Additionally, Malone and Crowston are purposefuidgue about who, or what, is managing
interdependencies; although they distinguish batvesnan and non-human systems, they

regard coordination as occurring in either typsystem. Further, their definition of coordination



enables researchers to explore the types of depelederesent within systems and the
processes by which those dependencies are manadg&) (

Tellioglu (2010) advances the work of Malone anduWston by citing coordination work
processes, impact factors, and coordination meshenas the three elements that comprise a
typology of coordination (p. 313). Coordinative wqrocesses describe how the work itself gets
done, including decisions about the division oblalthe composition of the teams doing the
work, and so on. Impact factors describe the typésterdependencies among resources, tasks,
and other aspects of project work. Finally, cocation mechanisms comprise a coordinative
protocol and a coordinative artifact, which respety describe the “rules” for articulating
activity and the tangible thing onto which thoskesuare inscribed. The topic of coordination
mechanisms is discussed again later in this lieeatview in the context of ordering systems
(Schmidt & Wagner, 2004).

Coordination is defined here g8 management of interdependencies among adimhs
activities This definition is based on the combination afyeand recent CSCW theorizing
about coordinative work (cf., Carstensen & Schnii@99; Gerson, 2007; Schmidt, 2011;
Schmidt & Wagner, 2004). In this definition, “mamragent” describes the coordinative work
processes that occur, “interdependencies” desctiileeisnpact factors that influence the work
being done, and “actions and activities” descrimework that occurs around the coordination
mechanisms that people create and use when thé&ytegether. Following Malone and
Crowston (1994), this definition of coordinationrpasefully excludes any mention of systems

as a way to avoid overconstraining what is meartdwoydination in this dissertation.



Coordination can describe a number of situatioasdb not necessarily involve multiple
actors working together. For example, one actokuwgrindependently can be said to coordinate
the interdependencies present within the projedrtshe is managing. Additionally, both human
and non-human actors can be assigned to projedf®ane assigned, are responsible for
managing interdependencies in specific, predictafalgs. Note that in this dissertation the term
“actors” refers specifically to human actors, wlasraon-human actors are described as such to
avoid confusion.

Cooperation as a characterization of collaborativevork. Bannon and Schmidt (1989)
provide one of the earliest distinctions betweeopewative work and collaborative work. They
claim that cooperative work is a neutral phraskifagin other signifying elements that might
indicate certain emotional, categorical, or otlgenitifying traits of team members working
together. Collaborative work, by contrast, is adleéterm that has its roots in obeying orders or
“collaborating’ with an enemy” (p. 362). This disssion implies a philosophical orientation
toward “cooperative” work as the rightful definiidor CSCW, an orientation that has taken root
among CSCW scholars in the intervening years.

Other CSCW scholars have defined these concepésatitly, however. For example,

Malone and Crowston (1994) define cooperation aflidlgoration as follows: cooperation
“usually implies shared goals among different agtowhile collaboration “often connotes peers
working together on an intellectual endeavor” @). urther, Schmidt and Wagner (2004) seem
to suggest thatooperativework occurs when actoc®llaborateon a project. This distinction is

important because it implies that other forms dfatimrative work exist, and that “cooperative”
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collaboration is one type of collaborative work.difner words, cooperation can be considered a
modifier or description of collaborative work, asdooperative collaboration.

Cohen, Cash, and Muller (2000) suggest an altem&ti cooperation as a characterization of
collaborative work. Their research explores théed#nce between “cooperative” and
“adversarial” forms of collaboration. Their defioih of cooperative collaboration corresponds
with that of Malone and Crowston (1994): actors vain® working together on a specific action
or project and who have the same shared goals.réalal collaboration, by contrast, assumes
that actors have different goals but must still ptete the same action with one another.
Adversarial collaborators simply want to compléte actions at hand; it may not be possible for
them to resolve their differences with one another,is it important for them to do so. Friendly,
ongoing cooperation is not a condition of this tgbeollaborative work.

However, the concept of adversarial collaboratgonat necessarily applicable to
collaboration among team members but instead aertge teams. The research of Cohen et al.
focuses on a specific professional situation inclwladversarial collaboration is the norm
(competing legal teams working together to prodaidecument). Students working together on
team projects often share the same general ggal ¢empletion of the assignment), but they
might have different academic backgrounds, skil,send ways of working toward their goals.
They might also have different definitions of sugxer different goals for working on a specific
project. Clearly, another characterization is ndeidedescribe the collaboration that occurs

among students working together on team projects.
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Contested collaboration definedSonnenwald (1995) proposes the concept of contteste
collaboration as a way to describe the communinaimong designers, developers, and
potential users of a specific design concept (g).8%ccording to Sonnenwald, complex design
processes involve a variety of actors who relyhmirtdiverse knowledge bases to bring unique
qualities and skills to those processes. Howebeir tiversity also makes it challenging for
these actors to communicate with one another]deeacollaborate meaningfully and
successfully. Sonnenwald (1996) suggests thatrtbmeps of exploring the different knowledge
bases that design process participants bring ttathle is characterized by “contested
collaboration” (p. 279).

Sonnenwald and Pierce (2000) succinctly descrilbéested collaboration as follows:

When contested collaboration occurs team membeaitealge the contributions of others.

They may also maintain an outward stance of codiperaut work to further their own

interests, at times sabotaging the collaboratif@tefWhen this occurs, it hinders the
achievement of the superordinate team goal (p..463)

Contested collaboration accounts for the fact diféérent design team members’ personal
histories, skills, and outlooks make collaborattiallenging and potentially rewarding. The
actors in these groups must work through some nuofheterpersonal differences so they can
complete their work together. Compared to adveabadllaboration, actors who are engaged in
contested collaboration are more interested in e@img with one another and are, therefore,
more likely to attempt to bring their different idrviews and perspectives into alignment for
the benefit of the project.

This give and take among actors points to the Urse$s of contested collaboration as a way
to describe how students work together on collab@aesign projects. Given that collaboration

is an often contested phenomenon within teams, teambers must set and agree to abide by
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certain rules and division of labor. When studehigllenge one another on their assumptions,
expectations, decisions, artifact creation processad so on, they are engaging in contested
collaboration. Although they are attempting to abtirate, they are also defending their own
academic practices and ways of contributing ta¢len as a whole (Sonnenwald & Pierce,
2000).

Other scholars (cf., Adamczyk & Twidale, 2007) ddes contested collaboration as an issue
that can arise among students working on HCI dgsigjects together. Contested collaboration
is not an issue, however, but an eventuality witedents collaborate on design projects. Among
proponents of project-based learning, a degreemtested collaboration is desirable because its
presence within a team indicates that the team ragsvdre trying to sort out their differences
and work together as effectively as they can. Hetethe concept of contested collaboration
has yet to be thoroughly explored as a potentjaé¢set of additional types of collaboration.
Additionally, if contested collaboration could bpevationalized somehow, it would be possible
to see whether it is more or less prevalent whedestts use certain tools or attempt to complete
deliverables for specific design assignments.

Summary. This dissertation defineoordination asthe management of interdependencies
among actions and activitie$he concept of coordination can be used to cheriae a number
of work arrangements and situations; one such geraent is the performance aillaborative
work, orthe activity of two or more actors working togetioarthe same projecAs a concept,
“collaboration” does not describe the actors’ mations or goals with regard to the work at
hand. Instead, this concept indicates that wodc@urring among multiple actors who have

agreed to work together on a specific project. €reetors might have different motivations for



11
their involvement on a project, or they might hawtirely different goals or outcomes in mind.
It is entirely up to the actors who collaborateaoproject to decide how they want their
collaborative efforts to proceed.

Further,cooperationis defined asne possible way to characterize how collaborativek
occurs on a projectAlthough the CSCW literature on cooperative waoles not always take
such a behavioral view of cooperation, this redearoject relies on a definition of cooperation
that is not a synonym for collaborative work buinstead a characterization of collaborative
work. Cooperative collaborationsuggests a consistent level of respect amongsatut a
shared interest in working togethen reality, however, actors engaged in collaboeatvork
agree and disagree, form alliances, argue, skipingse and generally engage in unpredictable
behavior. For this reason, it is more useful tarabterize collaborative work asntested
Contested collaborationis defined aswo or more actors working together on the samgeato
who are attempting to address the interpersondéckhces and different work styles that make
project work more challengingcontested collaboration most effectively chanaogs how
students work together within a specific team beeatsuccessfully encapsulates the
simultaneously cooperative and adversarial behavi@t can occur when students collaborate.

This discussion of coordination, cooperation, aoiiaboration raises new questions,
however, with regard to terminology. The next settiefines the words “project” and “work,”
unpacks what it means to perform work on a progatl, discusses how different types of work

(e.g., articulation work, task work) occur whenaastcollaborate on the same project.
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Collaborative Project Work, Articulation Work, and Metawork
The effort required to complete collaborative pebpork comprises much more than the

completion of a number of different actions. Ottygres of work are involved, and these other
types of work are not necessarily as visible togtstakeholders, and researchers who are
observing the work as it proceeds. This secti®t @xplores the conceptual landscape of these
other forms of work, with an emphasis on the redeaf Anselm Strauss. Next, the concepts of
articulation work and metawork are defined andteeldo the performance of project work.
Finally, the section discusses how scholars hawghawed these understandings with new
concepts to describe actors’ collaborative projemtk.

Defining the language of work.Strauss (1985) introduced a number of ideas celatéhe
intersection of tasks and actors that occurs wiadabmorative project work is performed.
However, Strauss uses “action” and “activity” lokysand often synonymously. Typically, an
activity comprises actions (cf., Engestrom, 199&)en Strauss (1985) references actions, he is
actually referring to activity in the way that adty theorists understand the term. Therefore,
when Strauss discusses project-related action adérap of many tasks done over time” (p. 2),
he is actually saying that the arc of work of gigcbcomprises many actions done over time.
Some actions may be combined into discrete a@ssitas with steps in a procedure, but that is
not necessarily required.

The following list of terms and definitions clag8 the specific terms that are germane to the
current research project and are used throughmutligsertation:

e Action — Synonymous with task; describes a discreteaimitork that must be completed

e Activity — A routinized set of actions that, when perforpiedds to a predictable result
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e Actor — The human or non-human entity that performsastbn a project; can be

defined as specifically as individual people, ogarerally as entire organizations or
teams within and across organizations

e Arc of work — The complete set of actions and activities toatprise the effort required

on a project

e Atrticulation work — The effort required to keep actors aligned \aittors, actions

aligned with actions, and actors aligned with axgio

e Division of labor — Descriptive of how project work is divided amagjors, or among

actions, or between actors and actions

e Project — The combination of an arc of work and the domsof labor (characterized by

the assignment of actions to actors) in the semwwi@ehieving one or more goals

e Resource— Descriptive of the actors and the tools andat# they use in order to

complete specific actions on a project
This list serves as the key for understanding theudsion in the remainder of this section, in
which the most important terms listed above aremlasd in greater detail.

Every project involves the division of labor exmed as an “arc of work” (p. 2), which
serves as a “trajectory blueprint” (Strauss, Fagegh, Suczek, & Wiener, 1985, p. 151) for the
project. Within the arc of work for a project, adtalefine and assign one another different
actions based on their skills and other resourcorgsiderations. Their completion of specific
actions can also be described as the performantesiofvork. As stated above, a task is a

discrete unit of work that must be completed fomativity to proceed as planned. Tasks are not
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homogeneous units but are entirely dependent onthewactors on the project decide to define
and scope the effort required to complete eackigcti

Actors are responsible for performing the taskgyassl to them on a given project, although
to whom they are responsible may not always be,atéther to them or to the rest of the
organization within which they are situated. Steapsts the onus on the researcher who is
studying project work to determine how the accobifitg and responsibility are assigned or
made known on a project (Strauss, 1985, p. 8).

Differentiating articulation work from other types of work. Embedded within the idea of
the arc of work is the notion of task articulatidine effort to articulate the tasks that actorsehav
defined for an arc of work can be separated inteetldistinct types of “articulation work” (p. 4).
The first level of articulation work describes thigh-level actions that must take place within an
arc of work and that are described in terms of gdrader of operations and exit criteria. An
example of a high-level action is a definition loé tsuccess metrics that must be met before a
project can proceed from one phase to the next.

The second level describes the administrative wbtke actors who must design the arc of
work and ensure that it runs properly. These astamnot directly advance the project work, but
instead facilitate its continued function. Exampdéshese actions include finding office space in
which actors will do their project work, or ordegienough laptops for everyone to use. The third
level of articulation work describes the actionguieed to complete the project. These are the
day-to-day actions that comprise the arc of workle project. For example, one actor might
write a segment of software code that will be ind¢ed with other lines of code being written by

other actors. It is worth noting that, in the cauod performing third-level articulation work
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tasks, local circumstances sometimes dictate &ttesato the order of task operations that was
initially created as a result of first-level artiation work.

In order for a project to be completed successftilg outputs of all three of these types of
articulation work must be aligned and integratdd ancomprehensible aggregation of elements
that describe the tasks and structure of the pr@pe®). This process is called “meshing.” On
any project, actors must be meshed with other attoensure their successful collaboration. The
disparate actions they perform must be rationalazeticombined such that the next set of
actions can proceed. Actors and actions must @asodshed such that actors are assigned to
complete the actions for which they are best suaqurocess described earlier as the division of
labor within an arc of work.

Articulation work is a useful concept because dldas researchers to characterize how
actors, actions, and the combination of both apedpnt into alignment such that project work
can be completed successfully. Gasser (1984) was@ithe first to suggest that articulation
work occurs in every organized social setting whetieople are aware of it or not. This
suggestion is significant because it highlightsftequently hidden nature of articulation work,
which is problematic because meshing tasks anditaesi may not succeed if project leaders are
unaware of the specialized articulation work thatuws around and in support of this meshing
process.

Furthermore, when actors work across multiple ptsjsimultaneously, the articulation work
associated with one project is impacted by thewasdtion work of the other projects. Actors who
deal with these “bundles of projects” (p. 14 afbarson, 1983) must prioritize their actions

depending on a number of factors (e.g., which ptdjas the highest priority, which actions
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must occur first, which resources are availabke given time). Clearly, circumstances arise
within and across projects that necessitate theimeance of articulation work to determine how
best to mesh matrices of actors and actions witardnt actions and outputs.

Evolving the concept of articulation work. As stated earlier, Strauss (1985) defines the arc
of work such that the actions required to compdepzoject are understood only in retrospect (p.
4). However, as Schmidt (2011) points out, Stralees not discuss what happ@&mshe moment
when an action is improperly performed. Gerson &tad (1986) acknowledge that the
articulation work associated with any project inned responding to unforeseen circumstances
and resolving problems as they arise. They useetine “due process” to describe how actors
ensure that the effort to dynamically mesh act@actipns, or both occurs within a project (p.
258). With this observation about how articulatwork is actually performed, Gerson and Star
add the much-needed sense of “ongoing adjustmeatdtmn” (Schmidt, 2011, p. 192) that the
definition of articulation work lacks.

Schmidt and Bannon (1992) add another nuance tdefigition of articulation work by
stating that when actors work as individuals (engt,collaboratively), far less articulation work
occurs than on collaborative team projects. Theaeds simple: Collaborative activities
necessitate greater amounts of articulation wodabse more actors are performing a greater
variety of actions. Schmidt and Simone (1996) abesit important to distinguish articulation
work from collaborative project work because systears perform a great deal of articulation
work just to make collaboration possible. This dngcstream of articulation work is a collection
of “individual and yet interdependent activitieBdt] must be coordinated, scheduled, aligned,

meshed, integrated, etc.—in short: articulated’L§8).
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As a reminder, coordination is definedthe management of interdependencies among
actions and activitiesWith this definition in mind, it seems clear tf&thmidt and Simone
situate the definition of articulation work as aessary element of coordinative activity,
including collaborative project work. In their dission of administrative assistants, Erickson,
Danis, Kellogg, and Helander (2008) cleverly ddsethese workers as “articulation workers”
(p. 617) because so much of their day-to-day werdobrdinative. Those scholars conclude that
the phrase “articulation workers” carries withvitotimplications about the work they do. The
first implication is that articulation workers sgktheir time aligning actors and actions in a
variety of ways, which is the essence of articalatvork as described thus far.

The second implication, however, points to a splthe definition of articulation work. At a
high level, the purpose of all this effort is t@ate coherence within and across projects. ligs th
latter type of articulation work that Gerson (20d@é}scribes as “metawork,” and that Schmidt
(2011) defines as “second-order” articulation wdrl.avoid causing confusion, this dissertation
relies on Gerson’s terminology (local articulatwork and metawork) rather than Schmidt’s.

Establishing a new definition of articulation work. The definition of local articulation
work (Gerson & Star, 1986) corresponds with thdiestrdescriptions of articulation work (cf.,
Bendifallah & Scacchi, 1987; Fujimura, 1987; Gas$684; Strauss, 1985). In the context of
this dissertation, local articulation work is defthashe work that occurashen actors gather or
put into use the resources needed for a specifiora order to keep a specific project activity
on track Each step in an arc of work requires local akéitton work to ensure that the right

resources are present at the right time, or els@rtbject stalls while actors scramble to rectify
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the situation. Gerson (2007) describes this effertbringing together everything needed to
accomplish a task at a particular time and plapel196).

Similarly, Schmidt (2011) describes this effortémms of actors and actions: local
articulation work is the effort of mobilizing ackand deploying them as needed to work on
specific actions. Both Gerson and Schmidt regaedllarticulation work as continuously
occurring throughout the lifecycle of a project &ese the specific circumstances of every
project are dynamic. The project leaders must ppamsive to changes in these circumstances,
which is why an arc of work is always under consian and can be assessed only at the end of
the project (Strauss, 1985).

Whereas local articulation work describes the éffequired to ensure the successful
completion of project actions, metawork descritbesdliasses of activity that comprise the
project itself and the processes associated wihrerg that “differenkindsof activity function
together well” (Gerson, 2007, p. 196, emphasisimaiy} Schmidt (2011) concurs with this
definition, claiming that metawork comprises thembnation and integration of these classes of
activities within a specific project and potentyadicross bundles of projects. Stated differently,
metawork is the work of deciding how to coordinatel integrate classes of activity.

However, the concept of metawork is a more usefsgarch concept when it is used to
describe more than the structure of tasks andwask across activities. Metawork is defined
here aghe negotiative effort that occurs on collaboratprejects when actors discuss how
project resources should be aligned across actisjtas well as why those particular resources
are appropriately aligned in that wain practice, this definition implies that metakafforts

pervade collaborative project work, such as whemdwators negotiate whether a third actor
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should be assigned to a particular type of actiwaughout the project, or how an action should
be carried out with the total arc of work in mind.

This research project looks at the performanceetamork in the context of a particular
project and its arc of work, rather than the met&wibat extends across bundles of projects.
Additionally, because scholars have not yet esthbli a clearly-defined division between local
articulation work and metawork, this project isdsed on developing an understanding of how
students perform metawork in the context of thesm discussions about resource alignment and
fitness. Analyzing these discussions offers one wdyace the decisions that students make with
regard to the arcs of work within their collabovatieams. Thinking about how and why
students exert control over team-wide decisionpdayorming metawork will provide a more
sophisticated view of how collaborative project lwgets done.

The study of metawork poses a thorny research @modhowever, because it does not
necessarily manifest in an explicit way during temark sessions. For example, in a lab-based
study of team project work, it is challenging taitlthe phenomena associated with metawork,
although some scholars have indirectly attempteatbtso (cf., Stempfle & Badke-Schaub,
2002). Many studies of design communication, orgieeesses associated with the design of
engineering artifacts, marvel at the amount of met& that occurs within and around such
projects (cf., Sonnenwald, 1996; Stempfle & Badkbkib, 2002; Stevens, 1999). However,
these studies do not focus on explaining the pexdoce of metawork as a specific,
demonstrable phenomenon. Instead, these schothcatia that metawork takes place in specific
proportions to other forms of work, but they stbyrs of explaining how and why metawork is a

critical part of students’ collaborative processes.
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The obvious question, then, is so what? Why isigartant to explicate the articulation work
processes that occur within and around collabaegireject work? And, what does the idea of
metawork “do” for this research study? The reasaimple: There is great promise in this
concept as a way to connect students’ tool-relateices to the products of their collaborative
project work. Discussions about process and howtbesructure their task work dominate
university-level students’ project activities (Btempfle & Badke-Schaub, 2002). Articulation
work is most visible when process-related commuianas taking place.

Furthermore, the concept of metawork describes fesaurces should be aligned and why
those resources are most appropriately alignedainvtay. Therefore, by studying students’
collaborative project work in action using the cepiuial lens of metawork, it is possible to
examine students’ discussions and decisions ablehvools to use and how to create the
artifacts required to demonstrate their progressodgh such discussions, metawork can be
developed into a more usable concept that will Belplars understand these decisions with

greater clarity.

Artifacts, Deliverables, Products, and Tools in Usen Collaborative Projects
When students collaborate on team projects, theyawsriety of resources in support of

their work and they generate a variety of matemalshey progress toward completing their
work. However, given the number of different waysuvhich other scholars refer to these
resources and materials (cf., Lee, 2004; Lee, 2P88&y & Sanderson, 1998), it is crucial to
establish definitions that are used consistentiyughout this dissertation. Therefore, in this
section the terms “artifact,” “deliverable,” “prockl’ and “tool” are defined as they are used in

this dissertation. Once defined, these terms ane dipplied to a discussion of the production and
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utility of artifacts as part of collaborative woirkgeneral, and as part of students’ collaborative
project work processes in particular.

First, a note on the word “object.” Some scholas the word “object” as a synonym for
“artifact.” For example, in their article on inteeatiary objects, Boujut and Blanco (2003) use
the word “objects” in an inherently synonymous wath the word “artifacts” (p. 211).

Although they situate artifacts as a type of ohjdwtir other examples of objects all appear to be
artifacts as well, indicating that it seems faimodify the phrase “intermediary objects” to read
as “intermediary artifacts.” Therefore, to avoidhfission in this dissertation the word “object” is
not used as a synonym for “artifact.”

Defining artifacts. The concept of the artifact has been situatedeahéart of activity theory
with regard to understanding how people “contreitiown behavior” (Engestrom, 1999, p. 29).
Artifacts are germane to CSCW scholars who use @iiemmeans of tracing and describing
practices of collaborative work (Schmidt, 201128). Beyond its high-level conceptual
importance, artifacts have also been describediiows ways using a number of different
classifications. For example, scholars have idextiphysical and social artifacts (Lee, 2004, p.
7), boundary negotiating artifacts that themsebasaprise inclusion, self-explanation,
compilation, structuring, and borrowed artifacte€l.2004), shared artifacts (Lahti, Seitamaa-
Hakkarainen, & Hakkarainen, 2004, p. 353), desmph@rocedural artifacts (Perry & Sanderson,
1998, p. 275), and intermediary artifacts (BoujuB&nco, 2003). These classification systems
are not mutually exclusive, and some are subsumddrwthers (as with the high-level

boundary negotiating artifact and its five conittuitypes).
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In this dissertation, an artifact is definedaaything created in support of collaborative
project work, including a process or practice timmade tangibleThis definition is
intentionally broad so that a typology of artifaigpossible. In the particular context of students
collaborative design work, however, some of thgpes of artifacts are more conceptually
useful than others. Within the context of the pnésesearch project, the distinctions between
physical and social artifacts, as well as desigh@ocedural artifacts, are the more appropriate
concepts to define and use.

The communication that occurs within students’ aladirative team projects can be roughly
separated into two types: content-related and gssoelated. Based on their study of student
design teams in action, Stempfle and Badke-Sch2@@?) claim that only a third of all project-
related communication deals primarily with procedd$apics and issues, while the remainder
deals with content-related topics. The distinctetween physical and social artifacts (Lee,
2004) eloquently captures how team members makeideas about content and their need to
coordinate their processes tangible for one anoffterse artifact types are analogous to the
design and procedural artifacts that Perry and &and (1998) suggest.

This dissertation uses the phrase “design artifieadtier than “physical artifact” to avoid
confusion (because not all artifacts are matertalhgible), and because this research project
focuses on students’ design projects. Additiondhg, phrase “social artifact” is used in place of
“procedural artifact” because the concept of th@adartifact is less constrained and more
descriptive of the variety of procedural, processaiad other forms of communication that occur
among team members. Finally, intermediary artif@tsujut & Blanco, 2003) are said to

mediate the behavior of the team members who wdtktivem, enable collective transformation
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or translation of ideas from one state to anothed, represent the design and process aspects of
the collaborative project work as it progressesweler, given that design and social artifacts
mediate team members’ behavior in potentially défe ways, it seems analytically useful to
characterize artifacts into two types rather thae.o

Design and social artifacts definedesign artifacts are produced primarily to enable
communication of ideas. Design artifacts can exgties “mental models” (Kazmierczak, 2003,
p. 51) that team members have and must somehowiexplothers, or they can be the final
deliverables that a team produces after monthauaf Work. These artifacts are the results of the
knowledge work that designers conduct independemtti/collaboratively: They are the
hundreds of drafts of an Adobe lllustrator drawirign icon, as well as the hand-drawn sketches
on a whiteboard around which team members disaudsiaggue over how to proceed with a
specific concept.

Design projects result in massive quantities ofgteartifacts. All large-scale projects take
time to complete, and during that time the team bemsimust orient their collaborative project
work around frequent discussions of tangible regmmegtions of ideas (Schoén, 1983). The design
process, in particular, requires working with ai@grof representations, such as sketches,
storyboards, physical prototypes, and so on (Letrdi., 2004, p. 353). All of these
representations are design artifacts, and theytrbigimaterially tangible or intangible
depending on how they are created (e.g., a sketeéhpiece of paper, a Microsoft PowerPoint
presentation). Because of the need to share itksas, members sometimes make their digitally-
created design artifacts tangible, such as wheslithes in a PowerPoint presentation are printed

on paper (Geyer & Reiterer, 2010). However, notlallign artifacts are made tangible or even
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available to everyone in the team: Individuals niggrate their design artifacts for quite some
time before presenting a specific design artifaaithers.

Social artifacts enable team members to understaddanake visible their procedures for
working with one another. Whereas design artifactsble team members (and others) to see
what and how they are thinking about specific ideasial artifacts enable them to discuss the
design process itself. As Perry and Sanderson (1888t, social artifacts “convey the
anticipated design process and help to orient etopk” (p. 275). Social artifacts include
project plans, lists of tasks that need to be cetepl agreed-upon parameters for a given design
task, or even text messages and emails among tesnbens discussing when to meet next.
Phrased in terms of project work, social artifat#scribe how a given arc of work should
proceed, whereas design artifacts represent thie that actors perform when completing the
tasks that comprise an arc of work.

Defining deliverables and productsOne of the primary reasons why university students
create design and social artifacts is becauselthey to submit some of these artifacts for
assessment. Students make available only a tinypauof the artifacts they create while taking
a specific academic course. The vast majority efdttifacts they generate are not intended to be
seen outside the friendly confines of their teaongven by other members of the same team.
Students select a few artifacts to represent geggsonal and team-wide output; they create and
polish these particular artifacts with the needaesessment or critique in mind.

Two special types of artifacts bear distinguishirmgn all other artifacts. Aleliverableis a
milestone in the design process that leads to éuritleration of the design conceeliverables

are typically design artifacts (although they dsd@ccasionally social artifacts) that students
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submit for formal assessment or informal peerquii so they can adjust their design process
and practice based on the feedback they receive/dbables are made availaldaring an arc
of work rather than at the end of a project.

In the literature on design studieraduct is the result of the design process (Margolin,
2002). When a team works together to create songgtthat final “something” is the product of
their effort. Products reflect their social constron (cf., Bucciarelli, 1994) and atlkee outcome
or result of a design process that are made avéaléd a broader audience beyond the team
When students collaborate on a design projecgxXample, they produce and submit for
assessment a final product (e.g., a video proto®ypesearch paper). Products, then, are the
design and social artifacts that result from aglepirocess and that are intended as the final
expression of that process. Products represemnthef the arc of work that led to their creation.

Deliverables and products are worth distinguislirogn other types of artifacts because
actors create or select these special types assepative of the progress made in an arc of
work. It is fair to suggest that actors such adestils imbue deliverables and products with their
own agency because they are externalized intertacgtsidents’ ideas and collaborative
practices that they choose to make available flon&b assessment or informal critique. Actors
intend for deliverables and products to speakHentselves, or stand alone as statements about
their design concepts. All other design and saigfacts that students individually or
collectively develop in the process of creating@dpict are not necessarily made available when
that product is submitted for assessment. Instbade other artifacts remain with the students or
within the teams that created them and slip intecality, unless they are later included in

portfolios or some other public or semi-public spac
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Defining tools. Schmidt (2011) distinguishes between artifactstants (p. 239) and defines
tools in a way that is complementary to the dabnitused in this dissertation (p. 74). A tool is
anything (analog or digital, materially tangible artangible) that students bring to and use as
part of their collaborative workNote that under this definition, a tool is someghused locally
during team project work. It is also noteworthytthanlike their creation of artifacts, students do
not “create” tools but instead bring extant toolsheir collaborative projects. They use tools in
order to create artifacts, or to gather informatiothe service of team discussion or artifact
creation.

It is possible to classify tools into different gg For example, Oehlberg, Roschuni, and
Agogino (2011) suggest categorizing tools usediwitollaborative design teams into four
types: tangible tools, digital hardware, softwaned Web services. Using this categorization,
examples of tools that a design student would alfyicise include a sketchpad and pen, an
Apple MacBook Pro laptop, a copy of the Adobe Htator software application or access to this
application in the cloud, and Wikipedia. Given ttieg line between a “tangible” tool such as a
ballpoint pen and a piece of digital hardware igthg, a slightly different set of terminology is
used here to categorize the types of tools thdesiis use: analog and digital hardware,
software, and Web services.

This terminology is useful in order to draw an ustakable distinction between “analog”
tools such as whiteboards, sticky notes, and paper'digital” tools such as laptop and tablet
computers, mobile phones, and DSLR cameras. Timdiion is important because the
students in this study often used words like “skétnd “draw” in the context of sketch paper,

whiteboards, laptops, software applications, Watalntets, and so on. Each instance of such
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words was coded appropriately given the broadetectoiof the interview so that, during
analysis, it was possible to know whether a studkatched on paper or with a computer mouse.

Defining the concept of the toolbelihe categorization of tools proposed here can be
integrated with the work of Sumner (1995) and hed of the different tools that design
professionals use. Sumner uses the word “toolbeldescribe the different software applications
that a design professional uses as part of higodésign practice (p. 178). She differentiates the
“high-tech” toolbelt of software applications frammore traditional designer’s toolbelt
comprised of physical sketching tools (e.g., pavet pencil). Lee (2008) tacitly makes this
point by including digital hardware such as compjtenobile phones, digital cameras, and
portable music players as examples of tools withéntoolbelts of modern designers (p. 1).

Furthermore, Sumner (1995) introduced the tooltalicept as a model that describes how
design professionals “create different design regmations” (p. 179). However, the toolbelt
concept is more usefully definedthe aggregation of all the tools from which desigreelect
preferred tools to perform task work within and @&s activitiesThis definition limits the tools
that are in designers’ toolbelts to those they kiow to use in some capacity, and with which
they feel comfortable enough to work while colladdorg. In the context of this dissertation, the
toolbelt concept offers a succinct metaphor thgishdifferentiate the tools that students already
know how to use from the tools they learn duringjrtisollaborative project work. Only those
tools that students learn and use regularly maikeattheir toolbelts.

Identifying the differences between artifacts anddols The students in this study do not
develop or create the tools they use, nor aredbé&yto modify tools for all others who use

them. Although students using Adobe lllustrator alar the palettes they see on their computer
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screens, they cannot change the views that alt dthstrator users see when they use their
copies of the same software. This distinction ipontant because, although local modifications
are possible, students who work with tools do ma@inge what it means for all other students to
work with the same tools. In sum, students collabog on a design projease tools that exist
outside of their collaborative project work to cteartifacts that are unique to their
collaboration

The definition of tools provided earlier represethiesm as malleable things, however. This
nuance is intentional: Consider that Web sites sischacebook and Pinterest are socially
constructed and, as a result, are ever-changirggguibstion becomes whether the information
presented on a Wikipedia page about fluid dynaisies“tool” because students bring it to their
collaborative project work, or an “artifact” becausertain people can edit the content on that
page of Wikipedia. The challenge is to rationabgdents’ uses of information with this
distinction between tool and artifact.

Tools are interfaces (Schmidt, 2011) to the arfdlcat students produce, and artifacts are
interfaces to students’ ideas. When students rei&gp®dia entries on their laptop computers,
the information they review and (hopefully) refezennforms their thinking about how to use
tools or how to create future artifacts. When teaembers create and use a Pinterest pinboard
as part of their collaborative project work, Pietgris the Web service tool and also the interface
to the artifacts that the students create on 8iered pinboard.

Different tools are designed to create differepetyof artifacts. For example, Microsoft
Outlook was designed to facilitate the transmissibmformation from one to one, or one to

many, or many to many. Outlook is a useful tooldoe team member to send email to other
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team members telling them when to meet up and skstheir video prototype storyboard. In this
case, the tool mediates the creation of what i iiledy a social artifact (an email message).
Authoring and sending the email is an example éw@ation work, in that the team member
who authors and sends the email is trying to enhgréocal resources needed to do the specific
action (storyboarding) will be in place. The demmsto use email as the tool for these kinds of
tasks is also an example of metawork because dne teember who authors and sends the email
believes that by using that specific tool, he @ wlil ensure the storyboarding process will
function as smoothly as possible.

As a tool that mediates the creation of sociafaots, Outlook seems effective given that
hundreds of millions of people use it for that pagp. Outlook was not designed as a tool for
mediating the creation of design artifacts, argeéms challenging to appropriate this tool for
that purpose. Adobe lllustrator is a clear exangple tool that mediates the creation of design
artifacts, given its focus on presenting paletfesrawing and graphic design tools overlaid on a
blank canvas.

Summary. The goal of clearly defining the terms “artifactgeliverable,” “product,” and
“tool” is to clarify what these terms mean withimg dissertation, as well as orient this research
project around a standardized use of these terhesdé&finitions are summarized in the
following list:

e Artifact — anything created in support of collaborative @cowork, including a process

or practice that is made tangible

e Deliverable — a milestone in the design process that leaflgtizer iteration of the

design concept



30

e Product — the outcome or result of a design process thatite available to a broader
audience beyond the team

e Tool — anything (analog or digital, materially tangilokeintangible) that students bring to
and use as part of their project work

e Toolbelt — the aggregation of all the tools from which desirs select preferred tools to
perform task work within and across activities

The next section of this literature review explaiesv other scholars fit these terms together into

theoretical frameworks that describe collaboragixegect work practice.

Coordination Mechanisms, Ordering Systems, and Brdets
This section first discusses how the concepts adérimg systems and brackets meld the use

of tools and artifacts with their guidelines fordemstanding how they should be used. This
discussion continues with a design studies apprtmahderstanding how tools and artifacts are
used during the collaborative design process iriggnThe section concludes by describing how
actor-network theory can be used to study the okt®ls and artifacts in the performance of
metawork on collaborative team projects.

Schmidt and Simone first theorized the concephefdoordination mechanism in 1996. A
coordination mechanism comprises a coordinativéopod and a coordinative artifact. The term
“coordinative protocol” describes the rules of o$@ coordinative artifact, while “coordinative
artifact” describes “a stable data structure exg@esn a standardized graphical format”
(Schmidt, 2011, p. 16). Schmidt and Simone situtited terms in the context of computation
rather than extending the coordination mechanisapfiy to all types of coordinative work.
This caveat explains why the definition of a conedive artifact sounds so technical compared

to the definition of an artifact provided in theepious section.



31

The coordination mechanism concept represents Sitfamd Simone’s attempt to split the
concept of the boundary object (Star & Griesem@89) into two discrete elements, as well as
integrate an understanding of how these mecharsspysort the performance of articulation
work. Initially, Schmidt and Simone (1996) regardlee coordinative protocol as something that
was “imprinted” (p. 180) on its corresponding caoadive artifact. These “artifactually
imprinted protocols” (p. 167) resemble maps of pohaes or tasks that serve as a resource for
what a part of a system should do (p. 169). Howes@rdination mechanisms can also serve as
explicit scripts for system users’ actions, as witlecklists (p. 173). Finally, because articulation
work is easily concealed in the flow of interpergbcommunication and artifact use within
organizations, Schmidt and Simone posit that coatthn mechanisms make articulation work
easier to identify and complete for the users gystem.

Schmidt and Wagner (2004) developed the idea obttiering system as an evolution of the
coordination mechanism. When Schmidt and Simon8g)LSuggested the coordination
mechanism concept, they saw the coordinative atté#iad protocol as a relatively tight-knit unit,
with one protocol per artifact and vice versa. tdiitely, Schmidt and Wagner (2004) recognized
that coordinative protocols and artifacts cannobimedled so concretely into these one-to-one
relationships; instead, coordinative protocols artdacts are interconnected with many other
coordinative protocols and artifacts.

Researchers can observe these connections antbddtem in the service of documenting
specific examples of complex cooperative work. Bateg the example drawn from the data set
of Schmidt and Simone (1996), all of the bug repamins used within the organization they

studied were stored in a set of binders, which gewes were coordination mechanisms (e.g.,
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the three rings of the binder objectify part of gretocol for storing bug report forms over time).
These binders were stored on bookshelves, which aleo coordination mechanisms, and so on.
Clearly, the potential interconnections among défe coordinative protocols and artifacts are
complex, subtle, and challenging to observe.

The ordering system concept is an attempt to mekseesof this nuanced set of relationships
among coordinative protocols and artifacts, agaithé context of the performance of
articulation work. Conceptually, ordering systemplain how people who are collaborating
with one another create and organize “clustergoairdinative protocols and artifacts (Schmidt,
2011, p. 23). As the prior example of the bug repualicates, there is a great deal of recursion at
play: The bug report form sits in a binder, whidls sn a shelf, which sits in an office, which
sits in a building, and so on. The usefulness déong systems comes not from any ability to
catalog these nested levels of recursion, buti@mability to identify (or at least clarify) the
reasons why the actors align different coordinapiketocols and artifacts in specific ways.
Ordering systems offer one way to describe therdioative practices required in highly
complex cooperative work settings” (p. 23).

Where Schmidt and Wagner (2004) replace the coatidim mechanism concept with the
ordering system, Gerson (2007) suggests the cootdpe “bracket” as a synonym (and
seemingly as a replacement) for the coordinatioohaeism. Brackets are similar to
coordination mechanisms and ordering systems irthiey connect as well as distinguish
between two or more protocols and/or artifactsdrdoing, brackets situate those protocols and

artifacts within a “larger system of dependencigs”197). However, the bracket concept
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represents an evolution of the coordination medmarand ordering system concepts because it
accounts for multiple forms of rationalization.

Part of the purpose of a bracket is to ease tloetequired of actors to rationalize the
relationships inherent among activities by “remagvihem, homogenizing them, or refining and
specializing them” (p. 198). Gerson refers to tHesms of rationalization as segregating,
standardizing, and coordinating, respectively. @bieial process of rationalizing the
relationships among activities is too complex fos torief literature review. However, the
crucial point with regard to this research projedhat the actors involved with a collaborative
project use protocols and artifacts not just tordowte their articulation work, but to simplify it
whether by standardizing, limiting, or eliminatipgeviously required elements of articulation
work.

The broader purpose of this extended discussitmtiansition from what tools and artifacts
are to a description of what studermts with tools and artifacts in the context of their
collaborative project work. This section conclutdggositioning project-based learning as a lens
through which students’ collaborative work with aardund tools and artifacts can be fruitfully
studied, followed by an overview of the specifipests of actor-network theory that are

germane to this research project.

Exploring Students’ Collaborative Project Work through Project-Based Learning
Project-based learning is a specific pedagogicaitaaeh to learning that reflects a shift from

lecture-based, “just-in-case learning” to “justtime learning” that more closely mirrors how
professional knowledge workers perform their jokggchner, 2001, p. 2). Writing in the
context of project-based learning and design edutatValdron and Waldron (1996) put it most

simply: “students learn design by doing it” (p. 30inportantly, project-based learning is
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different from problem-based learning, which invagva much more structured learning
experience and is not as commonly used for projealssign-focused courses and educational
programs.

Project-based learning, hereafter referenced as BBlased on constructivist principles
whereby students learn in a situated way. Situlg#ahing involves solving real-world problems
and developing knowledge through the process okwgrwith others and through the practice
of creating a finished product that solves a gipsblem. Rather than placing the instructor at
the heart of the learning process, and from whaai'riight” answers and all knowledge are
expected to emanate, PBL focuses students’ attentio working collaboratively with one
another in pursuit of a defensible perspective @n to solve an ill-formed problem.

The learning that occurs as a result of PBL isedad primarily through collaborative
project work, and is regarded as a useful methog@reparing students to become more effective
professionals in the future due in part to its ©oon getting students to externalize their thinking
and reflect their processes through the artifdstg produce (cf., Biggs & Tang, 2007; Witney &
Smallbone, 2011). The use of teamwork as an apprimggedagogy has a track record of
comparative success when measured against theofaiaglitional lecture-based instruction
(cf., Biggs & Tang, 2007; Witney & Smallbone, 201Aditionally, teams that are designed to
include members with heterogeneous backgroundskitlel may be more successful than teams
that include members with relatively homogeneoulsssets. Davidson (2012) describes this
phenomenon as “collaboration by difference,” ansl\watten at length about its pedagogical
virtues. As stated earlier, the concept of contestdlaboration most effectively characterizes

how students work together on their design projentd is defined as two or more actors
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working together on the same project who are attexgpo address the interpersonal differences
and different work styles that make project workrenchallenging. Part of the value of PBL is
the fact that student must address these diffeseincerder to succeed as a team.

Successful implementation of PBL involves overcayramumber of challenges related
primarily to assessment, task-based and role-bdise&tbution of labor, and the simple fact that
university students cannot always find mutuallyeggible times to meet (Biggs & Tang, 2007).
With regard to assessment, it is potentially diffi¢or instructors to assess team members’
individual contributions to the products that tharhs create. Biggs and Tang (2007) review a
variety of possible ways to counterbalance the neessign grades with the desired learning
outcomes that a positive collaborative experierareprovide. A combination of peer review and
discussion with the instructor is regarded as peshlae most effective way to assess students’
individual performance within teams; however, agg8iand Tang point out, it becomes an
onerous task to quantify team members’ value shaha grade can be assigned.

The distribution of labor is a significant issueemever students collaborate. As stated
earlier, each student brings his or her own tobtloefasks performed with other students.
Because projects have deadlines and deliveralilaeg #he way, and because the courses that
students take are also brief by nature, the stedanst strive to achieve their assessment goals
as they attempt to learn new skills. The simplesg %0 complete project work is to align the
resources with specific skills to those elementthefproject that require those skills. Students
are smart: Given the opportunity, they will ofteroml distributing tasks equally in favor of
simply getting their tasks done as efficiently asgble in as little time as possible (cf., Volet &

Mansfield, 2006; Yacci & Rozanski, 2011). Howeuee goal of PBL is to engender learning
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among students, not to reinforce the particuldissthat students already have. The challenge,
then, is how to help students grow their toolbeltsle also supporting their progress toward the
grades they hope to receive.

Finally, a growing number of technologies are ala# that support remote and co-located
collaboration, including freely available applicats such as Skype (cf., Beldarrain, 2006). Many
of these tools have become widely available onlyhepast several years, which means that
older sources that discuss PBL were published poithe availability of such tools that support
telepresence as effectively (cf., Knoll, 1997).a&Aesult, the earlier discussions of PBL are not
grounded in the tools that are currently availablstudents. Additionally, newer sources often
focus on the K-12 application of PBL (cf., Boss12prather than PBL at the university level.

Because of its strong focus on process and theggore of artifacts, PBL in practice helps
students externalize their thinking and makes iedilheir decisions about how to use specific
tools and create artifacts. The chance to studjesitis’ collaborative project work in the moment
when critical decisions are made is an excitingaesh opportunity, especially compared to
purely post-hoc assessments of student work obdeled studies of collaboration. As Yacci and
Rozanski (2011) point out, self-reported studemd @ae useful but fieldwork that obtains
experimental data is potentially more enlightenmth regard to how students address these

PBL-related issues in practice.

Actor-Network Theory Applied to Students’ Collaborative Project Work
This final section of the literature review ovemwgethe terminology and application of actor-

network theory (ANT). ANT scholars and opponenteehproduced a wealth of commentary and
debate about this theory and its merits and fl&msno Latour is the de facto champion of ANT,

and his texts on this theory are famously diffi¢altlisambiguate.
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However, ANT is usefully applied to the study ofwersity students’ uses of tools and
artifacts in support of their collaborative projeatrk because, as Latour (2005) points out, it is
only through the performance of social actions teains exist. Specifically, “groupings have
constantly to be made, or remade, and during tketion or recreation the [actors] leave behind
many traces that can be used as data by the info(me4). These traces form a fundamental
part of the data set for this study, as will becdiégd below.

Recall that the concept of an “actor” is definedreshuman or non-human entity that
performs actions on a project. This definitionnmgplicitly based on the work of ANT scholars
such as Latour (2005), who describes humans andhmarans alike as participants in the actions
that comprise social life (p. 71-72). In the contadthis study, then, tools and artifacts can be
considered actors along with the students who ndegeate them.

It is no accident that Latour’s 2005 book is calRehssembling the Socials he wrote that
book partly to clarify for the rest of the worldwde thinks about ANT and how “the social”
has been misrepresented by other scholars. Lal@uacterizes the social in many prosaic ways
in this book; for example, he claims that “ANT imply the social theory that has made the
decision to follow the natives, no matter which apdtysical imbroglios they lead us into” (p.
62).

A clearer definition for ANT in general and the gddn particular is that ANT is all about
tracing associations (p. 5) that arise as actdteatively participating in different actions (p46
65). ANT researchers can provide only account®oilas$ activities and practices by studying the
traces of actors’ performative actions with onethapand the associations that describe those

performances. The remainder of this section explecgne of the terms that ANT theorists use to
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characterize those actions and associations. Slyif the notions of allies, inscriptions, and
conscription devices are considered in detail lasfdhese terms can be brought to bear on the
work that students perform while collaborating @sign projects.

Allies and inscriptions. Latour (1987) describes the act of enlisting alas a way to enlist
support for a specific perspective, which is amatd way to describe how one team member
attempts to convince others that his or her petsgeis correct. As Latour (1986) puts it, “the
name of the game is to accumulate enough allieséplace to modify the belief and behavior
of all the others” (p. 31). Returning to the defom of the social, whenever actors attempt to
enlist or mobilize allies, they are performing aiabaction and the traces of that performance
and the resulting associations can be studied.

Those traces are made visible through the prodaasaiption. For Latour, inscription is a
transformative action that has the power to conmastinto paper (p. 3). For Callon (1986),
inscription is a translative action that is comed®f the negotiation of actor’s identities,
possibilities for interaction, and the boundariethin which those actors can interact (p. 203).
Again, these prosaic descriptions of ANT terms negdisambiguation.

Given that “all knowledge and knowledge claims sweially constructed” (Henderson,
1991, p. 451), it follows that inscriptions are theans through which this constructive process
occurs. In the context of actors collaborating esidn projects, the artifacts they create serve as
their inscriptions as they attempt to socially ¢onst knowledge and come to consensus about
their design ideas.

In the specific context of collaborative enginegrdesign projects (which is relevant to the

present study), Henderson (1999) provides morel @dtaut how artifacts serve as inscriptions.
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Engineering sketches and drawings are the buildingks of technological design and
production. Moreover, because they are developddised interactively, these visual
representations act as the means for organizindebign to production process and serve as
a social glue between individuals and between ggotlipe cascade of ideas on paper, layered
and refined from initial tentative sketch to fimabduct of accumulated knowledge, which
Latour (1986) has designated a center of calculatsonecessarily also a center of power—
the locus of control and negotiation. Looking & #veryday process of work and the visual
practices of design with attention to sketchesydrgs, and prototypes not only reveals a

power struggle but also clarifies the interests arttbns of the actors and the process of the
final outcome (p. 133-4).

This lengthy quote is included here because it gsdates how the design process is more than
a series of tasks and activities that actors perfeith one another. The inscriptions generated
throughout a collaborative design project can ladyaed, and that analysis can characterize the
qualities of the collaboration that occurred ort fr@ject.

Conscription devices.From an ANT perspective, inscriptions are artgatiat are also
actors, and that can enlist allies or be enlistedther actors (human and non-human alike).
Henderson (1999) acknowledges these propertiedifafcis by proposing the conscription
device as a specific inscription type that act@s t enlist allies (p. 74). When people
collaborate on a design project, they express threque perspectives on how to develop their
design concepts using artifacts. If they want ftuence the ultimate product of that
collaborative design effort, they go beyond eniigtspecific artifacts as allies: They create
visual representations of their design ideas ateumgt to establish them as the focus for the
team’s overall design concept. They do so by udinge representations as conscription devices
to build consensus among the other people with wtiay are collaborating.

Henderson (1999) explains that conscription devatesmportant because “to participate at
all in the engineering design process, actors mugage one another through visual

representations of the conscription device” (p. 5#8)wever, the process of creating these visual
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representations is more complex than Hendersonatel because of the decisions that actors
make regarding the tools they select when credliage artifacts. As the concept of the toolbelt
indicates, actors know how to use, and prefer & dsferent tools.

Therefore, when actors try to use a specific artiés part of a conscription device, they must
use one or more tools to work with that artifaat.dorrow a phrase from Latour (1987), those
tools are “black boxes” that are situated at thergection of the social and the technological
aspects of collaborative project work. For thissag when only some of the actors on a team
know how to use the tools that were selected toifyptite team’s conscription devices, the other
actors are not necessarily able to influence theoooe of the design process as they would like
to do. Therefore, as with conscription devices,ttdwds themselves can become the “locus of
control and negotiation” (Henderson, 1999, p. M#H¢n actors collaborate on design projects.

Summary. By considering tools and artifacts as actors ehed# worknets (Latour, 2005)
with students who are taking an advanced interacésign course, it becomes possible to trace
actors’ enlistment of other actors as allies (k& thuman or non-human). Additionally, it also
becomes possible to describe actors’ processagoiding with specific artifacts as conscription
devices in their collaborative project work, aslvesl their decisions to use specific tools when
working with those artifacts. These processes @utsohns are the traces of the actors’
performative actions that this research projeenapts to study.

However, studying actors and their associatiofamardous because of the temptation to
bring in a number of external definitions and cqitsdo characterize the traces of the actions
they perform. As Latour frames this concern, “icigcial that enquirers do not in advance, and

in placeof the actors, define what sorts of building blethke social world is made of” (p. 41,
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emphasis original). As an antidote to this potémtiablem of validity, Latour (2005) says the
following in the context of explaining how scholatsould write up accounts of their ANT-
informed research:

If I had to provide a checklist for what is a godNT account—this will be an important

indicator of quality—are the concepts of the actlswed to be stronger than that of the
analysts, or is it the analyst who is doing all thi&ing? (p. 30).

It is this quote that resonates through the amalyisapters of this dissertation, and that serves as
the mantra for the research study that is desciib#us dissertation. The next chapter describes
the research design in detail, a design that isatdfe of Latour’s exhortation to simply

“describe the state of affairs at hand” (p. 144ewkaking an ANT approach to a research

project.
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Chapter 3. Research Design

This chapter first restates the research questibas,outlines the research setting and course
structure, provides an overview of the design pgegriidance that students received and the
assignments and deliverables they were requiredrtglete, and concludes with a description
of the research rationale and methods used dummgtudy.

The overarching research question for this studgi®llows:How do university students
use different tools and artifacts for their collabaative design project work? There are also
three sub-questions:

e What is the constellation of tools and artifactst tlniversity students use and create to

support their collaborative work?

e How do they decide which tools to use to suppaeirtbollaborative work?

e How does their performance of task work, articalativork, and metawork organize,

facilitate, and constrain their collaborative pobjesork?

Research Setting and Course Structure
The setting for this study was an advanced intemactesign (IxD) course at a large

university in the Pacific Northwest region of thaitéd States. This university operates on a
guarter system, meaning that all courses span 10 weeks for classroom-based sessions plus
an additional week for final exams and presentatidihis course took place during Winter
Quarter 2012 and lasted from January 3 to Mardim&} presentations occurred on March 13.

The course officially met twice a week for 170 ntesiper session, for a total of about 63
hours of scheduled course time. The precise enel dineach session was less important than a
typical lecture-based course since students weeetér conduct their collaborative work

elsewhere if they desired. The course was conv2@dines rather than 21 times because
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inclement weather caused the cancellation of onesessession (a snowstorm that shut down the
university). That cancellation occurred near thddte of the quarter when students were already
working in teams and did not necessarily need tetwéh the instructor in the classroom.

Every session began with the students gatherirgghegin a large classroom located in one
corner of the second floor of the Art building. Tihetructor gave his only extended lecture with
presentation notes on the first day of the coufrbe.students spent the next three sessions
individually presenting design concepts and disagsthe concepts as a class. The remaining
eight weeks of the quarter leading up to the fprakentations followed a basic pattern: At
around 2:30 PM, the instructor would make a fewoaineements and then the students would
begin working collaboratively within their teamand large tables that could be moved to join
together. There were five sessions during thodet @geks dedicated to student presentations of
team project ideas, user experience walkthrougbsyl®ard reviews prior to video recording,
video prototype drafts, and final presentation whalkughs.

Before the start of the quarter, | obtained humé#nexts approval to conduct the study, as
well as the approval of the instructor. On thetfitay of the quarter | followed the approved
protocol for the study and gave all 28 studentsctience to exclude themselves from the study.
All 28 students chose to participate in the studhy all students pictured in this dissertation
provided explicit written consent to have their sincluded. All student and team names
provided in this dissertation are pseudonyms; teaames were invented to protect the privacy of
the students.

| attended all 20 course sessions as well as thfeenal team discussions conducted at

times outside course hours, leading to a totavef 65 hours of field observation time. The



44
informal team discussions were challenging to atteecause the students frequently set up these
meetings spontaneously, provided highly flexibktsand end times, had spotty attendance, and
conducted them at various locations around theeusity.

| recorded field notes on a laptop during everyrsewsession and during the informal team
discussions | was able to attend. | took 511 digitetos, made 17 video recordings, and created
19 audio recordings during the quarter. One stutamh also provided me with six digital
photos and one audio recording of an informal teaeeting when | was unable to attend.
Additionally, | had access to the Dropbox foldeattthe instructor established for the course,
which students used for the first few assignmeuntsathich they later abandoned due to a lack of
space and a breakdown in process.

There were 28 students enrolled in the course laygformed teams of four or five students
within the first two weeks of the quarter as thsswa project-based learning course. The
academic background and standing of the studestsmsnarized in the following list:

e 14 IxD senior undergraduate students

e 4 Human Centered Design & Engineering (HCDE) madtarel graduate students
¢ 4 Informatics senior undergraduate students

e 1 Industrial Design junior undergraduate student

e 1 Industrial Design senior undergraduate student

e 1 Industrial Design masters-level graduate student

e 1 Interaction Design masters-level graduate student

e 1 Visual Communication Design (VCD) senior undeduyrate student

e 1 Electrical Engineering senior undergraduate stude
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The instructor asked that every team have a cotlereé IXD students supplemented by one or
two additional students from other academic disegd, although three teams only had two XD
students because there were too few IxD studergs soound.

These students are of interest because they dheneovices nor experts at design, but are
instead advanced knowledge acquirers who haveet@cgumulated the knowledge about
design that comes with years of professional pradtspiro, Coulson, Feltovich, & Anderson,
2004, p. 640-1). They must still learn how to remgath information and understand how to
apply the right knowledge to their design probleassyell as understand how to describe design
problems such that they are solvable. The studeuass also learn how to critique their team
members’ ideas so as to facilitate the smooth fan@nd ongoing processes of their project
work.

The students formed six teams; the student and teanes are provided in the table below

and are further referenced using these names thooitighis dissertation.
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Table 1. List of student names, academic programand team memberships.

Team | Student #1 Student #2 Student #3 Student #4 Student #5

A Anne Bae Khloe Kylie Nancy
IXD Senior Industrial IXD Master Informatics HCDE Master

Design Master Senior

B Fiona Logan Molly Nathaniel Peter
Industrial HCDE Master | HCDE Master | IXD Senior IXD Senior
Design Junior

C Abraham Holly Kimberly Norbert Ziggy
HCDE Master | Industrial IXD Senior IXD Senior Electrical

Design Senior Engineering
Senior

D Baron Delilah Isole Karla N/A
Informatics IXD Senior IXD Senior IXD Senior
Senior

E Arlene Carl Clarissa Erica Timothy
IXD senior IXD Senior VCD Senior IXD Senior Informatics

Senior

F Adele Astrid Kristal Missy N/A

IXD Senior IXD Senior Informatics IXD Senior
Senior

The bold names in the table above indicate theesiisd was able to interview; all interviews
took place between April 9 and 25, or four to sixeks after the final student presentations on
March 13. This gap in time reflects the break betwd/inter and Spring Quarters, and also gave
the students time to reflect thoughtfully on thetperiences without letting too much time pass

after the end of the course.

Design Process Guidance and Course Deliverables
The course was organized around a central therwelajeng design concepts for the Microsoft

Design Expo 2012, which is an annual competitioomrgna select group of student teams and
which occurs during the annual Microsoft Researatulty Summit. The goal of the Design
Expo is to serve as “a forum where student teaom fop design institutions showcase their

prototype interaction-design ideas” (Design Exp@2®012). The theme for Design Expo 2012
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was “information in my world.” According to the cme syllabus, the students’ challenge was
threefold (reprinted verbatim from the syllabus):

e Design for a user team different from them, but they have access to

e Develop conversations with prospective users -tielgctheir perspectives

e Create an open design process — design is a cateer,sand good designers involve the

people they are designing for
The final assignment was to generate a video progotpresentation, and process book that
detailed each team’s design solution and that sl@pecific artifacts documenting the design
process.

On the first day of the course, the instructor pated all of the students with printed copies
of the syllabus. This printed syllabus provided ¥ast majority of the formal guidance that
students received for this course. The instruatewdnuch of the syllabus content from the
Microsoft Design Expo 2012 project brief (Microséfesign Expo Project Brief, 2012), a
document that described at a high level how thegdgsocess should work. That brief described
a set of recommended project stages, which wereeflettive of the design process that the
students should follow but were instead descripbivihie Design Expo process itself (p. 3-4):

e Team work

e Investigation & Conceptualization

e Prototypes

e Project Selection

e Presentation & Demo
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Within the “Prototypes” section of the brief (areprinted in the course syllabus), there was a

list of design process suggestions that were ntedmlp guide students’ work practices (p. 4). |

have added the summary words in bold to the ligviaenhile the rest (including original

punctuation) is reprinted verbatim from the brief:

Schedule— Establish a design process with a schedule s@d to help meet your

project goals and to mediate your design decisiOften too much time is spent reaching
consensus and brainstorming up front, then tde istleft to be spent on the final design
aspects of the final project.

Maintain Documentation — Decide up front who and what will be documented
throughout—do not document after the prototypdimsshed’. This work in progress
should be posted often to the Web site for youmtsgroject.

Understand Users— Describe and meet your “ultimate” real userseiimterview these
users to find out their problems, needs and desires

Explore Design Space- Study existing products, markets and reseanchrfgs, so you

do not re-invent some existing work.

Create Prototypesto Test with Users— Prototype your ideas often and in rough ways
and forms. Use these to gain feedback from yoursubefore you start building or
designing anything more complete. Do not forgetdep a log of your prototype for later
inclusion in your design story.

Establish Flexible Design Solutions- Consider how your design concepts relate torothe
situations. We think it is useful to design profmyconcepts that can be adapted to suit

other people for different purposes and with ddferlife styles. This can help to
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lengthen the product cycle and allow users to cogte and personalize their own
devices.

e Build User Interface Simulations— Simulate the look and feel of the user’s tasks o
sequences of operations with any available protogytools such as Flash, Silverlight,
etc. Please try to make sure you can show yourAmagentations on Windows and/or
Internet Explorer. This will make remote feedbanki @resentation setup much easier. If
you need additional Microsoft Software (Visual StycC#, SQL, etc.) to build your
prototypes please let your liaison know and we twllto get you this software.

e |terate — Repeat your cycle of design with users severad and show how you
changed your product and interaction design dimesti

¢ Create Physical Prototypes- Make physical mock-ups of the devices, wherever
appropriate.

e Create Documentation— Document any design evolution stages to inclatié in your
presentations.

Additional guidance from the instructor. The two lists of design process bullet points from
the Design Expo project brief do not describe thgigh “process,” but are tips for students to
consider while doing design work. For this reagbase lists are not helpful points of reference
when trying to determine how students were toldgproach their design projects from a
processual perspective. However, on the first ddlgeocourse the instructor gave a presentation
that included slides with more details about hawdsnts should approach the design project.
This presentation was intended to supplement timéepr syllabus, was only given once, and did

not necessarily answer all of the students’ quastabout how each assignment would work in
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practice. The details of the presentation are plexvibelow and are taken verbatim from the

instructor’s slides, at which | was present:

Identify an interesting idea: Research market act trends
e Define [design] need through contextual inquingntfy user group
¢ Model design space, product and system—and howateeyelated
e Verify model with users
e |dentify design seeds (find the leverage pointgieces and parts of a product where you
can have huge impact and that yield most positnage possible with least amount of
effort)
e Build rough prototypes, gather feedback from pratipe users
e Refine design, check with users
e Final prototype and presentation production: Showti(show design as if it's reality)
These design process bullet points are reflectivgetgpical design process, in that they are
properly sequenced and lead students through pheatystages of a design project. The bullets
can be adjusted as follows, with corresponding s®deliverables included in parentheses and
additional process stages included in italicsdaiitent presented verbatim from syllabus and
instructor presentation materials with only mincargmatical adjustments):
e Research and identify promising design ideas (oaitlip to 5 examples of
products/services/systems and present each fa@@hds at an idea fair)
¢ Identify design seeds — part of design processwhaatseemingly listed out of order

e [orm teams
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Ideation— Formulate project direction by defining desigreds for selected idea and
identify user group (create a project brief asgle-slide presentation, describe team
design directions, project scope, and design seeds)

e Model design space, product, and system — and heyvare related (create conceptual
model of the selected design concept, which wiltlbsigned and prototyped in detalil;
show relevant workflows and information requirensetéveloped as insights from initial
contextual research)

o Verify model with users (present user experiencliktheoughs of design concepts, which
were also used to elicit feedback from potentiarsi®f the finished product)

e Build rough prototypes, gather feedback from protpe users (create and present
digital wireframes of the user experience; crekched storyboards of video
prototypes)

¢ Refine design, check with users (translate sketsht@gboards into video prototype
scripts; translate user interface design and visaahtives into design presentation,
storyline, and timing; create drafts of video ptgpe)

e Final prototype and presentation production: Showti(show design as if it’s reality)

Finally, the instructor provided an even simpldimement of the design process near the end

of the syllabus (reprinted verbatim from syllabus):

e Research

e |deation

e Prototyping

e Presentation/Assessment
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This simplified description of the design processtlyeflects how all of the student teams were
recommended to collaborate throughout the acadguaer, as well as how students worked to
produce each individual deliverable. These fougessan the design process do not explicitly
mention iteration, which is instead baked intdfalir stages and is integral to each stage but in
different ways depending on the tasks being peréokm
Course deliverables As the quarter progressed, students were askammplete a number
of assignments that reflected their progress o fhejects. There was only one deliverable that
the students each created independently: Theylestho find and present five examples of
existing products, services, and systems thatasted them. The students were asked to make
decisions about who they wanted to form teams afiiér viewing their peers’ presentation. The
remaining 10 deliverables for the course werea@ihgleted as team assignments, and were
described in the syllabus as follows:
1. Design project description (1 presentation sliddue January 17
2. Conceptual model presentation (2-3 presentatioies)i— due January 31
3. Interaction sketches and user experience scenatldhwoughs (several slides) — due
February 7
4. Digital wireframes of user experience walkthrou¢gdmurce files, several slides) — due
February 14
5. Video prototype visual narrative (source files)ued~ebruary 21
6. Video prototype demonstrations (edited video reicgslabout 3-6 minutes long) — due
February 28

7. Multimedia presentation of the envisioned desigvésal slides) — due March 8
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8. Final video prototype (edited video recordings a8 minutes long) — due March 13

9. Final multimedia presentation of the design (sevaides) — due March 13

10. Comprehensive design documentation (bound, hardicopk; CD or DVD with all

documentation provided as PDFs, video files, Flasbframes, digital photos and videos

taken of the process of working collaborativelyue March 13
All students and teams submitted materials fooalhese required deliverables. | obtained
digital copies from each team of deliverables #d #2 (the design project description and
conceptual model presentation), as well as copoes five teams of deliverable #9 (the final
video prototype) and copies from four teams ofwighlible #3 (the design scenario presentation).
| was able to obtain digital copies of some butalbof the other deliverables based on which
files were published to Dropbox folders and othmiree-specific and intra-team resources. For
this reason, | focused my interview questions @ndbnceptual model presentations and the
video prototypes because | had copies of everyeqminal model and the students themselves
provided copies of the video prototypes duringrvitavs when needed.

Summary. As a course requirement, students formed themseground the IxD students, all
of whom had taken the junior-level version of theng course during the prior academic year.
The design brief, the syllabus, and the instrustpresentation provided all of the formal design
process guidance to the students who took thisseodihese students had varying levels of
experience and were either upper-class undergmaduadents or early-career, masters-level

graduate students.
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Research Rationale
University students were selected for several readéirst, the particular students under

study worked together in teams of four or five aader-long design projects; throughout the
guarter, each team was required to produce ceadtdiverables for assessment. Additionally,
their work occurred in a setting that is not yetdi’ in the same sense as the work of
professional designers, but that did have reabwisi within the local, professional community
of interaction designers and user experience desgn

Second, the students were aware that one “winrpngject would be selected for inclusion
at the 2012 Microsoft Design Expo. The motivatiomin the design challenge and present at
the Design Expo was timely because 21 of the 28esits in this study were senior
undergraduates and were close to making the tram$rom student to employee. For most of
these students this course was their last befadugtion.

Given their proximity to graduation, these studewtsrk processes and decisions should
have been richer and more differentiated (to rezgdtrase from Stevens, 1999, p. 225)
compared to K-12 students, for example, or evenpeoad to first- and second-year
undergraduate students. Because the studentsisttitly were from seven different academic
programs, they brought powerfully heterogeneouswaadge bases (Stevens, 1999) to their team
projects, lending diversity to their project wonkaptices and feelings about how best to work
with other team members. Therefore, it was quiefulgo observe and interview these students
as they went through the tasks and activities assatwith their project work.

Third, the students were treated as professiorsajders in that they were required to
structure and resolve a design problem that worddige a significant challenge to a team of

professionals. They also had to contend with comptsmcepts without necessarily having well-
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established contexts within which those conceptdcbe understood. To address these
problems, the students used a variety of toolsippsrt of their collaborative project work, tools
that not all university students were familiar withwere even expected to use. For example, the
students in this study produced video storyboandstiface schematics, high-fidelity mockups
and presentations, user experience walkthrouglasyideo prototypes of their design projects.
These students were, therefore, required to usaicdools that students in other departments
might never use for their projects, but that prsi@sal designers rely on when they tackle
similarly challenging design problems.

Fourth, as the previous paragraph implies, theestigdn this study produced a great number
of artifacts as they created their final designs sfated earlier, they also produced deliverables
that were critiqued along the way by multiple andes: expert professionals, instructors who
also worked as professional designers, and feltodents. These artifacts were externalizations
of the students’ thoughts about how to solve tdesign problems, which made it easier to
examine how they explicitly facilitated and perfautheir collaborative project work.

Finally, the students were required to completé thesign projects in teams of four or five
partly because the course instructor’s own pedagbgoals were aligned with the perceived
value of project-based learning (PBL). PBL is afulslens for discussing the performance of
metawork in an educational setting. Recall thatawetk is defined athe negotiative effort that
occurs on collaborative projects when actors disdagw project resources should be aligned,
as well as why those particular resources are appedely aligned in that wayin the context of
university students working on collaborative prégeenetawork is reflected in these students’

negotiative efforts when they discuss how to bkghaheir limited resources and specific skills
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in order to create the required artifacts and petsllBy framing these efforts using the language
of PBL, this dissertation aims to connect the regeaite (university students in a design class)
with the theoretical and practical contributionglog project.

Prior research conducted into how university stiglertegrate e-readers into their academic
reading practice (Thayer et al., 2011) suggestséaaling for academic purposes is but one
among many academic activities and practices. faoests, reading is a means to an end.
Furthermore, when students work on a project tagethey often read in a collaborative way,
which means they tend to shift focus between thistm use and on the content they are reading
(cf., Marshall, 2009; Twidale, 2000; Twidale, 200bhey also produce a significant quantity of
artifacts as they read, such as annotations, dgsywand notes (cf., Brush, 2002).

These artifacts, as well as the tools that studesggo create them, are also means to an end:
They assist students as they meet their educatijmadé. Therefore, the main way in which PBL
serves as a lens for describing the articulatiorkvaod metawork that students perform is by
understanding that they use tools and create @difar reasons related to their broader
academic goals. In order to understand these goaisre detail, researchers should study which
tools students are using, what artifacts they evdyring, and why they are going about their
work in these ways. PBL affords one perspectivb@n and why these processes of tool use

and artifact creation play out as they do (cf., tvah & Waldron, 1996).

Research Methods
Sonnenwald (1996) outlines three different typesmpirical studies that can be undertaken

to study the ways in which team members communigshtke collaborating on design-related

projects. The following list paraphrases the thypes (p. 282-3):
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e Retrospective research- examines historical accounts of a design proaggsovided

in design participants’ retrospective descriptiohsommunication activities and
histories of the process; these studies analyzemoritation using participants’
reconstruction of their realities

e Component research- focuses on components, or phases, of the dpsigess, and

thus [presents] a ‘slice’ of communication behawlaring the design process

e Progressive research- investigates the design process as it unfoldsyalves, over

time
Sonnenwald concludes that the best study desigmpocates elements of all three study types.

Although this research project takes a mixed-methagproach, the methods used in this
study are primarily qualitative and ethnographioature. Qualitative, ethnographic research
methods enable the construction of “large conchsioom small, but very densely textured
facts..1o support broad assertions about the role of multuthe construction of collective life
by engaging them exactly with complex specificséé@z, 1973, p. 28). The idea is to explore
the culture of university students’ collaborativejpct work such that the researcher can
understand that culture well enough to describe @ther interested parties (cf., Geertz, 1973,;
Emerson, Fretz, & Shaw, 1995).

Furthermore, Ackerman (2000) characterizes the diigle between what we know we must
support socially and what we can support technitgll. 179) as the “social-technical gap.”
According to Ackerman, this gap is “fundamental’ {87) to the CSCW research community:

CSCW is at once an engineering discipline attenggtinconstruct suitable systems for

groups, organizations, and other collectivities] ahthe same time, CSCW is a social

science attempting to understand the basis forcthvagtruction in the social world (or
everyday experience) (p. 194).
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The social and the technical are not meant to parated; rather, as Dourish (2006) says in the
context of the social-technical gap, “the domainezhnology and the domain of everyday
experience cannot be separated from each othgrateenutually constitutive” (p. 546).

Ackerman conceptualized the social-technical gagust to situate it as core to CSCW
research activity, but also because “the challerigke social-technical gap creates an
opportunity to refocus CSCW as a Simonian sciefitkepartificial” (p. 181). In this context,
the word “artificial” is a reference to organizemtil activity (e.g., the construction of a
building) as distinct from naturally-occurring ploenena (e.qg., the lifecycle of a frog). Given
that “CSCW software researchers and designersidesd aware of the need for nuance,
flexibility, and contextualization” (p. 189), resehers should consider social action not as
empirically measurable but as a contextual, cootiisly constructed phenomenon. In order to
identify and enumerate the ways in which peoplalexhuanced, flexible, and contextual social
behavior, research methods must be used that aseige to such behaviors. Qualitative
research methods (e.g., semi-structured intervaawsdiary studies) offer the best chance to
develop that understanding because these methgaisa®bserving participants’ routine work
practices and eliciting their thoughts about thesks and activities.

Therefore, this research project is designed tbetbe social-technical gap that exists when
students use tools to create artifacts, and t@bgkEmentary to the ideas of Sonnenwald and
others who have studied the design process inmaclite following list situates the methods
employed in the present study within the empirfeakarch framework that Sonnenwald

describes.
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e Retrospective—semi-structured interviewsere conducted with study participants who
reflected on their personal goals for their collatioe project, how their team tracked
their design goals and progress toward completidheoproject, which tools the team
members used to create specific artifacts, andwdnitifacts the team members created
in the process of developing their deliverables famal product

e Component—artifact analysiswas conducted of specific artifacts that studyipi@ants
created while working on their collaborative prajeagether and individually;
additionally, asurveywas conducted of the tools that participants ursesh academic
setting and their decisions regarding how to seldeam to work with (those data are not
reported here, but were instead used to providelibeasknowledge for the development
of other study instruments)

e Progressive—participant observation resulting in field note®re recorded that
described first-hand the collaborative project wibv&t occurred during the academic
quarter

Ethnographic research literature distinguishes betwesearchers and members, where the

researchers are studying members of an often uldammommunity or cultural team. As
Emerson et al. (1995) point out, it is importantdd researchers to understand their own points
of view, blind spots, and biases when studying nesillives. Emerson et al. describe the need
for reflexivity, which “is central both to how wenderstand the worlds of others as well as to
how we understand the research enterprise” (p.. 2¥6gn studying students working together

in collaborative teams, it is crucial to have dengfve attitude that regards the students’ tasks,
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activities, and behaviors not as “variables ordtites that stand above or apart from people but
rather as meaning systems negotiated and construncéand through relationships” (p. 216).

As the sole researcher working on this projechdse to immerse myself as thoroughly as
possible in the worlds of the students who | waslghg. In the process of conducting my
participant observations and recording field notesigaged with the same lectures and the same
materials as the students themselves. Althouglpémenced the same pedagogical environment
as the students, | brought my own personal expeggeand depth of professional knowledge to
the topics they studied. It was this unique backgdthat set me apart from the students, but it
is also what enabled me to develop my interviewquals and survey questions with an
attentive eye toward how the students negotiatedpanformed their collaborative project work.
In the next section | provide more details abouheaf the research methods | employed during
this study, as well as the order in which | usezhth

Survey with closed- and open-ended question&t the beginning of the 2012 Winter
Quatrter, |1 conducted a survey to collect studagshographic information, their uses of
software and hardware in the context of their asadevork, and their thoughts on how they
selected the teams in which they would work thrauglthe academic quarter. The goal of this
survey was to provide baseline knowledge aboutdbls that students consider most critical to
their academic work, and to produce a snapshdtedf teelings about their teams at the start of
the quarter. This snapshot of a specific elemetiti@tiesign process provided an early glimpse
at how the students thought their collaborativggmtonork would go (Sonnenwald, 1996). The

survey is included in Appendix A.
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Participant observation resulting in field notes.l conducted participant observations in
order to develop a clear picture of students’ ftibn of their collaborative project work.
Specifically, | directly observed and recordeddiabtes about students’ in-class collaborative
work and, as much as possible, their participaticieam meetings away from class. | also took
photos of the different tools and artifacts thatsints used as they worked together in teams,
and recorded audio and video clips whenever passibl

| relied on participant observation as opposedadoydstudies and other qualitative methods
because | wanted to see the routine discussiohsttidents had with one another. In the process
of observing those discussions, | hoped to undeddize decisions that resulted and the details
about those collaborative work situations that etisl might not self-report. Such seemingly
mundane details illuminate how the work itself gidse (Geertz, 1973).

Additionally, Emerson et al. (1995) advocate feldiresearch in general and the creation of
field notes in particular as a way to describeptfoxessesf social life, as opposed to the
productsthat appear at the end of the process (p. 14)r@dts of my observations of
collaborative project work in progress helped ntenpret students’ decisions about how to
facilitate their collaborative efforts, as well@sderstand the processes that the students
followed as they went about their collaborativejpcowork. This information allowed me to
design the final study instrument (described below)

Semi-structured interviews. The observational data and survey responses iefbthe
design of my semi-structured interview protocoljahhexplored students’ planning, analysis,
and evaluative efforts related to their collabatatprojects (please refer to Appendix B to review

the final protocol). Within one month after the esfdhe quarter during which the observed class
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concluded, | contacted all of the students anddsiénterview them about their recent
collaborative project work experience. | intervielis of the 28 students about how they
planned, analyzed, and evaluated the tasks andt@stithey completed for their project. |
defined the specific questions after collectingriébs of the project data and conducting a
preliminary analysis of those data.

These interviews were qualitative by design bechugseded to be able to ask relevant
follow-up questions of the different participanteem necessary. Qualitative interviews are
useful for the richness of description they carnvge, the potential to describe processes in great
detail, and the chance to understand how studycpets interpret specific events that occur
(Weiss, 1995). Interviews are also one of the prynmaethods by which qualitative researchers

develop their data sets (cf., Miles & Huberman,4)99
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Chapter 4. Describing Students’ Tool Use and Artifat Creation

The goal of this chapter is to describe the colaieh of tools and artifacts that university
students use and create to support their collaleratork. This chapter first introduces a
tripartite typology that categorizes the tools tiat students used, as well as an expanded
typology of the artifacts that the students creaéskt, this chapter tells the story of how the
students used tools as they worked with one anotiéneir design projects. This narrative
description of students’ task work performed witld @around tools is constructed based on
relevant field observation notes, interview quopdgtos, and descriptive details gathered during
the study. Finally, this chapter presents an oesnof the deliverables that one team of students
(Team A) developed for each of the 10 assignméwitswiere required of each team. That
overview also describes how the members of Tearsel specific tools and artifacts as they

created each deliverable.

Identifying a Typology of Tools
This dissertation defines a tool@sything (analog or digital, materially tangible or

intangible) that students use to create artifaotsupport of their collaborative worRools
mediate the creation of artifacts by serving adnterface between students and the artifacts
they generate. Students do not “create” tools eg theate artifacts: They select existing tools to
use for specific tasks and activities.

Other scholars have studied the tools that pradessidesigners as well as student designers
use for their collaborative work (cf., Oehlberg,9Rbuni, & Agogino, 2011). For example,
Oehlberg et al. recorded 53 different tools in ais®ng the participants in their study, with some

difference between professional designers and stad€hey suggest classifying those tools into
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four main categories (i.e., tangible tools, digitatdware, software, and Web services (p. 2-3),
and 19 sub-categories based on “media” type amdret connectivity.

The typology developed for this dissertation dgféom that of Oehlberg et al. in that it
combines software and Web services into “softwackanline tools.” Oehlberg et al. based their
differentiation between software and online tooigloe requirement of Internet connectivity for
complete functionality of services, whereas sofen@an be used offline (p. 4). However, these
categories are combined here because the studahis study worked in environments with
ubiquitous Internet access and data plans onitiha@iile devices. As a result, the boundaries
between online and offline work became invisible.

Second, given the research questions for this sthdytypology is not designed to precisely
guantify the number of tools used (as with the lggp of Oehlberg et al.), but to assist in the
process of understanding why and how universitgestts use tools and artifacts in the service
of their collaborative project work. Therefore,shypology aggregates over 60 tools that
students used into three general types.

¢ Analog toolsinclude whiteboards and markers, paper of varghagpes and sizes,

drawing and writing implements such as pens andifsemand sticky notes any
physically tangible tool that enables continuousation of information is an analog tool

e Digital hardware tools include computers in various form factors (e gptop, tablet,

desktop), DSLR cameras, smartphones, externaldrarels and USB thumb drives, and
scanners, as well as certain tools that suppomtskef digital hardware such as camera
stabilizers and tripods any physically tangible tool that enables discrateation of

information, or that supports the use of such 4, tisoa digital hardware tool
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e Software and online toolanclude every software application or online segvic

(including Websites used to share artifacts or camoate within and across teams) that

students can only access using digital hardwamey-tool that is only accessible using a

digital hardware tool is a software or online tool

These three types of tools can be meaningfullyiagpb the analysis and discussion of students

decisions to use specific tools in specific collative work contexts. The following list

classifies the tools that students used in theestmif the typology.

e Analog tools:

o

o

o

o

Chalkboards

Collective paper form factors: Easel pads, loosé+iewsprint, sketch paper (various
large-scale dimensions)

Individual paper form factors: Legal pads, loos&-&5"x11” paper, personal
notebooks and sketchbooks

Sticky notes

Whiteboards

Writing implements (includes pencils, pens, whitafgbmarkers)

e Digital hardware tools:

(0]

(0]

Camera lenses, stabilizers, tripods, and othersaoces for use only with cameras
Computers: Apple laptops and tablets, Dell deskeopklaptops

Digital cameras (includes DSLR and point-and-stiooh factors)

External hard drives

Memory sticks



(0]

(0]

66
Mobile phones, including different brands of smhdpes: Apple iPhones, Google
Android phones by various manufacturers, standarbilenphones without data plans
Scanners
Video cameras

Wacom tablets (various form factors)

e Software and online tools:

0]

(0]

(0]

Adobe Creative Suite, including Acrobat, After Efig, Flash, lllustrator, InDesign,
Photoshop, Premiere Pro

Apple products, including Final Cut Pro, GarageBdftelynote, Safari

Avid Pro Tools

Dropbox

Email clients: Google Mail, Microsoft Outlook, aaduniversity-specific online tool
Facebook

Google products, including Chat, Chrome, Docs, @spand Plus

Microsoft products, including PowerPoint and Word

Pinterest

Skype

Vimeo

WordPress

YouTube

As this list makes clear, the students in thisypuged a wide variety of tools while working

collaboratively on their team projects. The disaussnd development of this new typology
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positions a later analysis of students’ collabestvork practices and processes. The next
section provides a typology of artifacts in ordeframe the discussion around the types of tools

and artifacts that students used and created psttiaborated on their design projects.

Reuvisiting the Typology of Artifacts
Artifacts are materialized reflections of concepthaught (Cole, 1996) that are “integral to

communication” (Lee, 2004, p. 28) when collabonmati@curs among design team members.
Students in this study created design and sodiées so they could explore and communicate
their design ideas with their teammates. Howevggmgthat the students used analog, digital
hardware, and software and online tools to crdse artifacts, an updated artifact typology is
required.

Design artifactsexternalize design ideas and enable the commuoncat those ideas
within and beyond teams. Henderson (1991) desctiteesse of design artifacts such as
drawings and sketches as the organizing framedsigd collaborations. Indeed, the students in
this study organized their collaborative effortand iteration of their design artifacts leading to
their creation of final deliverables. However, ldhsa the tool typology distinction between
analog and digital tools described in the previchepter, design artifactan be eitheanalog
design artifacts(e.g., whiteboard sketches of Ul elements, stitdtgs with design ideas written
on them) odigital design artifacts (e.g., Adobe lllustrator representations of intéom ideas,
digital photos of paper sketches).

Whereas teammates shared their design itheasghthe creative and iterative processes
associated with design artifacts, they relied aria@rtifacts to communicate with one another
aboutthose processeSocial artifacts helped the members of design teams understand and

make visible their processes and procedures fealmaiating with one another. The students in
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this study created social artifacts when they dised how to create and modify design artifacts,
or when they planned and conducted their task wttkin and across activities. As with design
artifacts, social artifactsan be eitheanalog social artifacts(e.g., meeting notes written on
paper, project plan details written on a chalkbpardligital social artifacts (e.g., Facebook
group pages with team members’ comments aboutresegs and upcoming meeting times,
blog posts discussing design seeds and sourcaspfation).

The remainder of this chapter first discusses exesngf how students used analog tools,
digital hardware tools, and software and onlindgaliring this study. Next, a detailed
description of a specific team’s deliverables issented, along with visual examples of
representative artifacts that the members of thentereated collaboratively as they proceeded
with their project. The chapter concludes with efodiscussion of the design competition that
took place among the students’ teams, includingwamview of what happened when a winning

team was selected for the Microsoft Design Expo.

Student Collaboration with Analog Tools
All six teams relied on the following analog todisring the academic quarter:

e Collective paper form factors including easel pads, sketch paper, and looge-lea
newsprint paper

e Individual paper form factors, including legal pads, loose-leaf 8.5"x11", angh@a
notebooks

e Sticky notes(considered separately from paper because of hayests used sticky
notes differently from any other analog tool)

e Whiteboards
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The teams primarily used these tools in suppoth@tf collaborative work during the research
and ideation stages of the design process, agtimted their task work around large pieces of
paper, sticky notes, and whiteboards. Individuglgpdorm factors are the exception, as students
who carried personal notebooks and pads of pager them throughout the academic quarter.
As a reminder, the following table lists the studénames, academic programs, and team
memberships throughout the study; note that ncesitigdswitched teams during the study.

Table 2. List of student names, academic programand team memberships

Team | Student #1 Student #2 Student #3 Student #4 Student #5

A Anne Bae Khloe Kylie Nancy
IXD Senior Industrial IXD Master Informatics HCDE Master

Design Master Senior

B Fiona Logan Molly Nathaniel Peter
Industrial HCDE Master | HCDE Master | IXD Senior IXD Senior
Design Junior

C Abraham Holly Kimberly Norbert Ziggy
HCDE Master | Industrial IXD Senior IXD Senior Electrical

Design Senior Engineering
Senior

D Baron Delilah Isole Karla N/A
Informatics IXD Senior IXD Senior IXD Senior
Senior

E Arlene Carl Clarissa Erica Timothy
IXxD senior IXD Senior VCD Senior IXD Senior Informatics

Senior

F Adele Astrid Kristal Missy N/A

IXD Senior IXD Senior Informatics IXD Senior
Senior

The remainder of this section describes how theestis in this study used analog tools in
support of their collaborative project work.

Collective paper form factors.All six teams worked with collective paper forncfars
during the academic quarter, although not evemteantinued using paper throughout the

guarter. The teams that could not get access ttethavailable whiteboards relied instead on
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large sheets of sketch paper, sheets taken froeh gads, or pieces of newsprint (thinner, off-
white paper). As Nancy from Team A points out, thiesge pieces of paper were readily and
freely available.

In the design classroom there were two or thredetloiards between a couple of classes,
which is not really enough for everybody to use, amel then when we were just working

casually on things or meeting outside of class Wwe'dneeting in rooms that didn't have
whiteboards at all. But, there was always lotslafde] pieces of paper around. (Nancy 181)

The following photo from a team meeting on Februir2012, reflects one of the ways in
which members of Team A physically collaborateduamblarge pieces of paper during a work

session; in this photo, Anne (right) is seated d¢sk and writing on a large piece of paper as

Khloe (left) and Nancy (middle) look on.

DONE IS
BETTER
THAN
PERFECT

Figure 1. Members of Team A collaborating around clbective paper form factor.
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In this photo, Anne is sketching out a storylinedcspecific design idea related to their overall
concept of making commuting easier. Notice that&isthe only one writing on the paper, but
all three students are in close proximity so they see what she is doing as they talk to one
another.

At the conclusion of their meeting on Februaryh® tmembers of Team A decided to hand
off this piece of paper to Bae. He completed tbeyine on his own using the progress that
Anne had already made. Regardless of whether tldersts worked independently or together
during a work session, it was typical during thisdy that one team member at a time performed
the physical work of writing and sketching on pagéris work sometimes occurred while the
team discussed their design ideas, while at otlirsta team member would expand upon those
ideas independently and return to the team witlgnass to be discussed.

In either case, the papers on which teams wrotedksign ideas served as points of
reference during team meetings. For example, th@rfmg photo from February 16, 2012,
shows Anne (left) and Nancy (right) reviewing ori¢he pieces of paper on which Team A had
outlined an early version of a user experience thatkigh; in this photo, Anne holds the piece

of paper around which she and Nancy are collabayati
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5

Figure 2. Members of Team A using collective papdobrm factor as a design tool.

This photo is indicative of how Team A used largecps of paper to facilitate their collaborative
discussions. Note that the inscriptions on this@ief paper indicate a top-to-bottom, left-to-
right reading order and appear to have been wityeone team member.

These photos also demonstrate the portability ewefidelity nature of collective paper form
factors. However, although pieces of paper canepe &fter collaborative work sessions have
ended, saving large pieces of paper presentedqaeiset of problems for some of the teams.
Kimberly from Team C liked to sketch, as did hemenate Holly, but they began having
trouble keeping track of the numerous pieces oép#pat resulted from their sketching and

discussions.
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Holly has a lot of desk space in her studio, soweee keeping a lot of our papers with her.
But they got kind of scattered by the time we yeadleded them.... | think that | ended up
keeping a lot of my papers, but then a lot of offeple put theirs with Holly, which |

should have done. But | kept wanting to refer daakine because | was doing a lot of
visual design. (Kimberly 149-151)

Kimberly describes how all of her teammates skatdteas on paper and then gave those
sketches to Holly, who did not systematically tréckv she stored all of the paper sketches.
Kimberly continues by describing how her team rdgdrone specific piece of paper as vital to
their progress.
| had one 11" x 17" paper that was just full of aaideas for interfaces, and then we kept
coming back to that, so | held onto that. And hkhive really should have scanned all ideas
into the computer so that we kept track of it. iatto take pictures of them with Holly’s
iPhone, and then she was uploading them to Dropiaixl think that we didn’t take pictures

of the ones we needed to, and then the other avee&gpt] only on paper. (Kimberly 153-
155)

As Kimberly describes the situation, she and heugrsometimes relied on large pieces of
paper to capture ideas about their design prditmivever, they struggled to retain and reference
those ideas when they needed them simply becabseame challenging to recall where they
kept all the papers they needed, and which ones gwan important.

Individual paper form factors. All students from all six teams used individuappaform
factors at some point during the academic quaatdrough not every student consistently used
these tools or even carried individual paper foactdrs (e.g., personal notebooks, legal pads)
with them. However, nearly all students used peakpatebooks and legal pads during the first
two weeks of the academic quarter. They reliechesd tools during that time because they were
forming teams, a process that required a greatalehiscussion among students regarding their

project interests and potential fithess within $fieteams.
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As these discussions occurred, students wrote ahmies in their individual notebooks and
legal pads. The following photo of Team E (takenJanuary 12, 2012) reflects a typical

example of what these discussions looked like atfice.

e

Figure 3. Example of Team E discussion conducted Aeginning of quarter.

This photo illustrates how the students have thaper notebooks and legal pads open on the
table around which they are all sitting. They df@aised to write things down, but they are
listening to one of the students talk. Additionafiyur of the five students have laptop computers
sitting on the table, but only one laptop is oped eeady to accept input; none of the students

are attempting to use the laptops. Instead, twbhefaptops are actually serving as surfaces on
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top of which students have placed their paper ep tlan write down ideas as the discussion
occurs.

After they formed their teams, the students colfatedl almost exclusively around laptops,
collective paper form factors, and whiteboardstfer rest of the quarter. During those several
remaining weeks, the students relied on their ramikb and legal pads primarily as personal
note-taking tools and occasionally as points aéneice to clarify ideas or decisions made
during prior team discussions. Returning to thetplod Anne and Nancy from the previous
section, note how Nancy is holding her personatinobk as they discuss a draft of their user

experience walkthrough deliverable.

5

Figure 4. Nancy’s (Team A) use of her personal ndbeok during design task.
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Students from other teams also reported using ieha®y paper form factors in this way;
Abraham from Team C described how his teammatexireh their notebooks and legal pads
during the academic quarter.
Most of us carried some kind of notebook or jouthabughout the [design] process, so

almost everybody at a meeting would open up th@kland [say], ‘Oh, here's my notes on
things.” (Abraham 247)

Erica from Team E also described how her team tatktheir task work around the notes she
had personally taken, and which she brought witttdnéeam meetings.
| know that | personally had a lot of notes in noyebook and we would refer to my notebook

a lot of times for things that we had decided dgnineetings or directions that we were
going to take, and | would write a lot of thosea®ffor the team]. (Erica 180)

The contents of students’ personal notebooks amet atdividual paper form factors reflect
their use of those tools for taking notes and dngveketches of design ideas. As Khloe
explained during her interview, the specific cottest her notebook are useful only to her.

When you look at different people’s notebooks,ydaaty’s notes are completely different, so

what | think is important somebody else might retassarily see as being important. (Khloe
120)

Khloe described herself as prétty big sketchbook persofkhloe 120), a characterization that
observations of Team A strongly support.

However, even for a student like Khloe who tooktedf notes in a personal notebook, the
students in this study did not have their notebauid legal pads out very often. While at least
one student on every team used a personal noteblbok the students used laptop computers
and other digital hardware tools far more oftentfair note-taking tasks.

Sticky notes.Every team in this study used sticky notes at spailet during the academic
guarter. Specifically, 12 of the 16 students in@med explicitly (but in an unprompted way)

mentioned using sticky notes as part of their ¢atative work practice. Sticky notes are
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discussed separately from other paper form fattecause students used sticky notes to jot
down very specific ideas or small amounts of t@gt\ords or less, usually only a few words) to
describe a specific topic or idea. The followingfhreflects how Team A worked with sticky
notes as the team members were in the act of glawn ideas before they organized all of the

sticky notes into a coherent overview of their gastoncept.

Figure 5. Example of Team A use of sticky notes.

The members of Team A found sticky notes usefuhbse they enabled all of the team
members to individually and rapidly write down tights and ideas during team meetings,

discuss those ideas as a team, and then physicghlyize the sticky notes into categories. The
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small size of sticky notes necessarily limits thepe and detail of the ideas that can be written
on them. Khloe from Team A described sticky notesaluable for their highly modular and
mobile nature compared to whiteboards and largeepief paper.

For instance, when we were trying to find out ‘wHatpeople want out of travel?’ everybody

would grab post-its and write one thing per posfFiten we would try to categorize what
was written on the post-its based on trends thaivere seeing. (Khloe 099)

Finally, members of Team A described sticky notesseful partly because they can be
easily organized around central ideas, which canriiten on differently-colored sticky notes or
on the whiteboards or pieces of paper to whiclstloiky notes were usually adhered. The
following photo that was taken by Delilah from Te&shows how they arranged their morass
of sticky notes around central ideas or higherllémgics, which were usually written on a

whiteboard or occasionally on a large piece of pape
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Figure 6. Example of Team D use of sticky notes.

As this image shows, the students in this teanclath sticky notes to large form-factor paper or
whiteboards and grouped the differently-coloreceadiased on their connections to the larger
ideas being discussed. For example, the yellowystiotes are higher-level categories of ideas
related to their design concept, so those stickgsibave inscriptions such gaublic/private
informatior? or “tagged item$ Each purple sticky note represents one thougkkample
related to the higher-level category, so the natesnd public/private informatiohsay “lab
(security) or “none between family membérs

Delilah described why her team used sticky notespassed to other tools for some of their

task work.
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We wrote [sticky] notes collectively, and then cdraek together the next day and
reorganized them...we were able to bounce back attu[ftesign ideas] because that
structure and all the key pieces were there [ondtieky notes]. As the person was actually
putting the presentation together, they were makimge critical decisions about
reorganization, but we had established that allsta@oints that were...on these post-it
notes...were things that we thought were critisalthey should in some way make [it into
the presentation]. (Delilah 115-117)

In this quote Delilah is describing how her tearadisticky notes as they worked on deliverables

at various points during the quarter. Her teamrBat®n described his thoughts on the value of

sticky notes for collaboration.

It seems obvious to me why you would use sticlesr@cause you can organize your
thoughts, reorganize your thoughts, and reorgatheen again (Baron 133)

As Baron points out, sticky notes are small any éa®rganize and reorganize around higher-
level ideas. As Figure 6 indicates, his team usiellysnotes in exactly this way: shifting them
around and adhering them to different parts ofeag@obf paper based on connections among
ideas. The team members’ use of different stickg olors (as illustrated above) reflects how
they wrote different categories of ideas on tha#ferént colored notes so they could track and
categorize their ideas more efficiently.

Whiteboards. All six teams used whiteboards as much as possltleough the students
were not always able to use whiteboards becausdabseroom had only three movable panels
along one wall and two wall-mounted whiteboardsifelthe projection screen at the front of
the room. All of these whiteboards were alwayssa.lAdditionally, the other spaces within
which the students collaborated (e.g., another rivotine same building as the classroom, coffee
shops, students’ apartments) typically did not hakigeboards.

Team B dominated the three large, free-standingelvbard panels that were present in the

classroom. Members of two other teams explainethgunterviews that they would have used
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those whiteboards if Team B had not staked thenthwatughout the quarter. For example, Holly
claimed that Nathaniel from Team B “reserved” tHateboard panels by writing “do not erase”

on them at the end of each course session, asumnsh the following photo.

Figure 7. Example of “do not erase” text written onwhiteboard by members of Team B.

Members of other teams described during intervignes feelings of resentment toward
Team B for dominating the large whiteboard panetich were often covered with “do not

erase” messages written somewhere on them. Holty fream C was particularly vocal during



82
her interviews about why she thought Team B keptittes and sketches from their task work
visible for everyone else to see.

We would have used the whiteboard but we didn't teadeal with [Team B]. And they
always said ‘do not erase.’ Always. It was, likibgir] whiteboard. But, that's the awesome

part: They just left everything up there just tewheveryone how much they did, literally.
(Holly 247)

As Holly indicates, she and the other studentsaesol the “do not erase” messages and did not
use the whiteboards whenever they saw that TeappBaaied to be using them from one course
session to the next.

Peter from Team B told me that he and his teand lis@ng whiteboards partly for all the
space they provided for sketching and writing notes

We whiteboarded all the time. It was incredibledAin fact, | think it's ruined me forever.

Because | can't sketch or design anymore unlegsgat a big space to write on. (Peter 103-
105)

The following photo (taken on March 1, 2012) typ#fihow Team B used the whiteboard panels

in the classroom to track their video prototypd&sa@eter’s elbow is visible in the photo).
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Figure 8. Example of Team B collaborative use of wteboard panel.

This photo shows multiple contrasting details #rat all related to the overall arc of work
that Team B had defined, but that are not necédgsatated to one another and are not reflective
of the same level of information. The left-most psovides the scenes that the team needs to

film next, in order of priority (this list would @ntually have six scenes). The top-most list
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describes the four rules that the team neededltafevhenever they recorded video: capture
video for at least five seconds before and afteryscene, use two DSLR cameras to film every
scene, keep yourself steady if you were holdingraara, and speak slowly (and clearly) if you
were in a scene.

The lists located in the middle of the whiteboasiwell as along the right side, describe the
different scenes that the team planned to inclaodbe video, with numbers that indicate the
order of the scenes in the final video. Finally bottom-most list describes the tools that the
team needed to acquire before they could contiecerding their video. That list includes a
memory card and reader, a DSLR battery, a joketabeweed for cheap beeNdty Ice€)
while filming, and a camera stabilizer. The sta@fihas a question mark in parentheses because
Peter, who wrote the list, was unsure whether theyld need an additional stabilizer to
augment the one that Nathaniel had built. Althotlghteam used two DSLRs for every scene
they recorded, they decided against using a sestadizer and instead left the second DSLR
on a tripod when recording scenes.

This photo is also helpful for showing how the mensbof Team B organized their thoughts
in a slightly random way at first. Eventually, theyerlaid the numbering scheme as a way to
track the final order for all of the scenes in fimal video. The red lines through the names of
specific scenes indicate that those scenes haablglteeen filmed.

Clearly, Team B liked to use whiteboards. Fourafiftve members of Team B collectively
explained why they preferred to use whiteboards otteer tools for their task work. The field
notes from that conversation (conducted on Febriéy®012) are presented in the following

list, which is reprinted verbatim from the notekana as the students spoke:
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e Whiteboards giv@hysicality to ideas:
o Gesturing is important while writing; gesturing \ehialking helps Peter come up
with ideas more effectively
o Physically moving around the space in front ofwheteboard while drawing on the
board is also helpful for thinking
e Whiteboards lend eemporary nature to the ideas being explored:
o Team members like erasing and editing parts ofsideaketches based on different
team members’ feedback (drafting and being abérdse are important)
o Content is easily modifiable so nobody gets toachid to any ideas
0 Logan noted that he was pulling notes from a naiklamd adding them piece by
piece onto the whiteboard for broader discussia@hrawision
o The whiteboard is an “intermediate” thing, “not sething to keep and get precious
about” in Molly’s words (a reference to temporatyaft nature of content)
¢ Whiteboards are highly visual, easily focused on, and immediately adifiable tool:
o Team B likes building things in front of each otBezyes, adding to it as they talk
0 They also like being able to show one piece aha thaving individual elements
e Whiteboards serve as anenting devicewith regard to team collaboration:
o Each thing they drew could serve as an “anchontifaet” (Logan’s words) so they
could decide to agree on something specific relaiedeir project work
Despite these clearly-elucidated benefits, whitett®also have a number of flaws with
respect to the ways in which task work is suppor@uk issue that arose during observation of

the students’ collaborative work is the questionvbb gets to hold the whiteboard pen. Nearly
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every time the students used whiteboards, onlystudent would write on a whiteboard while
the other students would stand or sit nearby. eurtiecause only one person would be writing
on the whiteboard at a time during team-wide disituss, that person acted as a filter for those
ideas and the act of recording the conversatiothemoard quickly became a selective record of
the discussion. The specific details of this pheswoom are explored in Chapter 6 in the context
of the performance of metawork.

Summary of analog tool useAll six teams used collective paper form factstg;ky notes,
and whiteboards at some point during the acadeoader. Each of these analog tools had
benefits and drawbacks with regard to how studesesl the different tools.

Collective paper form factors were handy when sttgldecided to engage in brainstorming
tasks, as well as other kinds of tasks that requliem to physically orient themselves around
the tool they were using. They were able to wnta systematic way across the large expanse of
the paper, which made it simple for each team memabgee what his or her counterparts were
doing at the same time. Unfortunately, as Kimb&dyn Team C pointed out, the large pieces of
paper on which she and her teammates wrote treasidere difficult to keep track of over time.
Field notes reveal that members of Team A also laxgol important pieces of poster paper on a
couple of occasions, which was due in part to éle& bf a systematic way of archiving important
analog design artifacts that resulted from theirknsessions.

Individual paper form factors appeared to help etisl as they engaged in discussions with
their teammates. They referred to their personesas they collaborated around research and
ideation tasks as a way to remind themselves of piiscussions or ideas they wanted to bring

up with everyone else. However, field notes indigatt students had their personal notebooks



87
sitting out during work sessions, but studentsdgity took notes on their laptop computers.
None of the students used any digital pen techmeddpat automatically convert text written on
paper into digital notes.

Students used sticky notes to help them focus itie#as, as the relatively small size of sticky
notes meant that students typically wrote onlyvaierds per note. Students also valued the
modularity and flexibility of sticky notes: It wasmple for each student within a team to grab a
handful of sticky notes and begin writing on thddring their work sessions, students wrote
design ideas or topics on sticky notes and thearozgd the resulting collections of notes into
high-level categories. They also removed and reswthsticky notes at different locations
within these categories as needed. This procepsddthe teams form “mind maps,” or coherent
design ideas that they could then begin prototypbre drawback to students’ use of sticky
notes was the need to capture the results of Wk sessions. Different teams found different
solutions to this problem: Team A photographedrtscky notes at the end of their work
sessions, which Team D retained a large piecemérpan which they had adhered all of their
sticky notes so they could preserve the order@hitbtes for later reference.

Finally, whiteboards were the most popular of thalag tools. For this reason, whiteboards
were also in demand more than any other analog $totlents used whiteboards to extend their
design thinking from research to ideation. Theysbdy verbalizing and sketching their design
ideas so that all team members could discuss ¢b#ective progress, the potential of specific
ideas, and their next steps as a team. If a wdatiebwas available at the start of a work session,

one team member would simply pick up a whiteboan gnd start writing and then the rest of



88
the team would begin discussing ideas or progrespecific tasks. When no whiteboards were
available, team members would use large pieceamdpnstead.

The students in this study wanted to use whitelsoaver comparable analog tools for
several consistent reasons described during iet@s/and made visible during field observation
sessions:

e Simultaneous collaboration:Multiple students can simultaneously write texsketch
images given that whiteboards are generally langpeigh to enable at least a few people
to gather around them, write in different areathefboard, and read what is being
written

e Flexibility of inscription: Any kind of language or symbol can be written on a
whiteboard, unlike many digital tools that constraiput to specific languages or symbol
systems

e Large “real estate”: Whiteboards offer sizable blank canvases for mgitand sketching

e Ease of erasing and revising inscriptionsErasure is simple and usually effective,
which makes students feel comfortable using whigeth® for collaborative ideation
processes because the ideas are impermanent agdreadified or removed

¢ Whiteboards as blank canvasesOther tools (and projected images) can be ovedaid
whiteboards

e Whiteboards as organizing surfacesStudents can organize sticky notes on
whiteboards, draw connections among notes, or hescategories of information for

clusters of notes
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e Differentiation among ideas and categories of idea$tudents denote different
categories of ideas or distinguish among idea spasieag different whiteboard marker
colors
e Support for specific ideation tasks, such as brainerming: Whiteboards support
ideation and branching out from basic to complexcepts, but do not support nailing
down specific topics or ideas as well as otherstdelg., sticky notes)
Again, as with sticky notes the students had tongkthe results of their whiteboard use with
digital hardware tools in order to save their adi for future reference. The next section
describes in detail the different types of digitatrdware tools that the students in this study used

throughout the academic quarter.

Student Collaboration with Digital Hardware Tools
All six teams relied on a combination of the follag digital hardware tools:

e Computers in various form factors, although laptepse by far the most commonly used
computers (a few students also had tablet or desidmputers)

e DSLR cameras and camera accessories (owned omutyo

e External hard drives and USB thumb drives

e Mobile phones, including different brands of smadpes and “dumb” phones

e Scanners
The following sections describe how the studengslicdmputers and mobile phones in the
service of their collaborative project work. Theseticular tools receive focus in this section
because the DSLR cameras were only used to reabed for the video prototype projects, or to

take photos of students’ collaborative work in pess (which are discussed elsewhere in this
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dissertation). Similarly, the scanners were useatigiize copies of notes and sketches made
with analog tools, and the external hard driveditated storage and transfer of large files (e.qg.,
uncut video files) among team members. Finallya asminder the following table lists the
students’ names and team memberships.

Table 3. List of student names, academic programand team memberships.

Team | Student #1 Student #2 Student #3 Student #4 Student #5

A Anne Bae Khloe Kylie Nancy
IXD Senior Industrial IXD Master Informatics HCDE Master

Design Master Senior

B Fiona Logan Molly Nathaniel Peter
Industrial HCDE Master | HCDE Master | IXD Senior IXD Senior
Design Junior

C Abraham Holly Kimberly Norbert Ziggy
HCDE Master | Industrial IXD Senior IXD Senior Electrical

Design Senior Engineering
Senior

D Baron Delilah Isole Karla N/A
Informatics IXD Senior IXD Senior IXD Senior
Senior

E Arlene Carl Clarissa Erica Timothy
IXD senior IXD Senior VCD Senior IXD Senior Informatics

Senior

F Adele Astrid Kristal Missy N/A

IXD Senior IXD Senior Informatics IXD Senior
Senior

Desktop computers.Of the 28 students in this study, only one owneeésktop computer;
overall, members of three teams used desktop cargpuiwo students mentioned using desktop
computers at the School of Art Computing Cente™S0G) or at a library computing center on
campus, but they did not personally own desktoppders. Although students primarily relied
on their laptops for their computing needs, a feans coveted desktop computers because they
had specific software tools installed, or becateg tould perform certain computing tasks

(e.g., video rendering) more quickly than otherilalde computers.
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The members of Teams C, D, and F used desktop dersduar their collaborative project
work. Interestingly, unlike Teams C and F, nonéhefmembers of Team D owned a desktop
computer. Instead, they relied entirely on the cotars provided at different labs around the
university. Isole from Team D describes why she laeidteammates needed to use these
university-owned desktop computers to get certaskg done.

We started at the School of Art Computing Centexnwilie were doing Final Cut Pro and

then when we had to do After Effects, [but they]'doave After Effects so [we used]

Premiere Pro there, which is strange. And no Mamjputers] on campus have it,

apparently. | mean, it says they do online, buytthen't in the video editing area at [the

library] so...that was extremely frustrating becal$ave After Effects but, you know, it
takes like six times as long for my computer taess it so it’s like not good. (Isole 99)

Isole describes two problems in this quote. First,team tried to use the Apple desktop
computers in the SOACC but those computers dichawve Adobe After Effects, which is useful
for specific types of video modifications (e.g.dady visual effects such as user interface
screens). Once they realized the SOACC computers\tlabe Premiere Pro but not After
Effects, they tried using the computing centehatrnain undergraduate library on campus, but
those Apple desktop computers did not have AftéedE$ either.

This issue of resource constraints exists only ieedsole’s laptop, on which she had
installed all of the software she wanted to usekdd the necessary processing power and
available memory. Her laptop was very slow whemmg After Effects, so she tried to find a
faster way to complete her tasks when using thisgodar software tool. Unfortunately for Isole,
the only available computers on campus that hadrAdtfects were not running on an Apple OS:
They were Microsoft Windows desktop computers. Tiierence in compatibility posed a
problem for Isole and her team.

[It] ended up being kind of awful because the ardynputers they have with After Effects are
Windows computers which none of us, well, BaronWWasdows] but he hadn’t been doing
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any of this work and...then [the campus computersjlavdt save things onto the external
[hard drives] and so then the thumb drive had tccleared off. (Isole 093)

This quote from Isole reveals a third problem: &wariety of reasons, her team had to
perform a surprisingly large number of tasks eaule they wanted to work with their video
files. Their collaborative effort to create a viqaototype was so complex because they required
an increasingly large number of different digitatdware tools to complete their tasks. If Isole’s
laptop had been able to run After Effects morecedfitly, or if the campus computing centers
had installed After Effects on their Mac desktopnpaiters, or if their Mac-formatted external
hard drives had worked properly with the Windowskdep computers on campus, the task of
video editing would have been simpler across aati Unfortunately for Isole, she had to use a
USB thumb drive that could not hold all of the téawideo files at one time, all because their
external hard drive did not work across multiple@ing systems.

Team C encountered a similar situation that shéipeid task work at times during the
academic quarter, especially the last few weekawihere was a lot of video editing and post-
production work to finish. Kimberly from Team C wéne only team member who had a
computer that could run Adobe After Effects andnieze Pro quickly enough to enable
Norbert, another team member, to perform the sigedgdeo-related tasks he considered
necessary for their video prototype. Kimberly had dhesktop computer in her small bedroom,
which was one of several rooms in a shared dwelshg explained what the task work around
her desktop computer looked like.

Towards the end of the project, we started doihgfabur meetings at my house, because |

have a really fast desktop computer. .... It j@stesl so much time. So we ended up having,

like, everyone was basically living in my roomtloe last week and a half of our project,

which...I guess it was fun. [Laughter] It was kiofdbetter than being in school, especially
when it got like really late at night. Or at ledst me, because | was like ‘I would be here
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anyway.’ But yeah. | had five roommates in my simadiroom for a while. (Kimberly 161,
173-175)

For Team C, Kimberly’'s desktop computer becameladfwactivity because it could
perform video rendering and post-processing taske refficiently than any other available tool.
Because Kimberly had this computer in her bedragme,wound up withfive roommates
toward the end of the project. Holly, another mendféleam C, described the process of trying
to schedule time on Kimberly’'s computer.
We were always working together basically. Mogheftime toward the end when it came to
[video] production we all met at Kimberly's housenork in the basement.... We were
working in her room all the time. It was not thesbeoom to work in. It was pretty small and
| don't really like working not on a table withcaitmouse but | guess | had to because there
was only one - the reason why we work at Kimbewds she has a really big desktop
computer that's very fast and has two screens.sérghe was able to render [video] really
quick. (Holly 179-183)
Holly cites a number of reasons why collaboratmélimberly’s cramped basement room was
less than ideal. However, the only thing that tnmigttered to the team at that point in the
academic quarter was rendering video as quickpoasible so they could see the results and
adjust the video content as needed.
Holly continued by explaining how the collaboratiamund Kimberly’s desktop computer
worked in practice.
We sort of set a schedule in the mornings. | wdolthe color correction of the video and
edit it a little bit. And then Norbert would conrea little later and then he would take over
the computer and start doing his animations andéf.s8o we had sort of like a time schedule
and Kimberly usually was there all the time. Anshié wasn't there then she would just let us

in, like, Kimberly lives with three other girls. &mNorbert could just come by and use the
room. And then Abraham usually came by [too]. (KH4dlB5-189)

When asked for more details about how the scheglpliocess worked, Holly described it as

casual rather than a rigid, documented process.
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We were there all the time so at the end of thevelslgl just be like, ‘Hey, I'm gonna come in
the morning. You really don't have to be thereldn@0 or whatever.” It was pretty casual. It
wasn't like we set up the whole weekend and talkedt the whole of what we had to do. |

think we kind of set a timeframe but it was vergued, like it'd be great to finish by Sunday.
(Holly 193)

These quotes reflect how the members of Team Qreailtheir task work around one
particular digital hardware tool: Kimberly’s powetidesktop computer and its dual monitors.
Without that computer, this team most likely wobkilve resorted to scouring the on-campus
computing centers for desktop computers that coeider video efficiently enough for their
needs, as both Team D and Team F did.

Laptop computers. All students on all six teams owned a persondbjapgomputer, nearly
always an Apple MacBook Pro, partly because theo&labif Art mandated that all of its students
own laptops and recommended Apple laptops runnitiy Apple and Microsoft operating
systems. The students nearly always had theirpaptat and either open or closed while
working with teammates, but they rarely used theming team discussions. They mainly used
their laptops when they were working on individtasdks and did not actively need to
communicate with other team members, or when theayt®d to show teammates specific
information that could not be conveyed any othey.wa

The following photo shows what collaboration typigéooked like among the teams of

students in this study.
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Figure 9. Example of Team E working around laptop omputers.

As this photo shows, all of the members of Teanwiaenl personal laptops; however, only
Clarissa (far right) had her laptop open duringrtteeam discussion. This photo was taken during
the second week of the academic quarter when tagk was focused around initial discussions
of design directions that the teams might take. fobHewing photo is indicative of how
collaboration looked and functioned while studeadsvely used laptops, which occurred later in

the quarter.
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Figure 10. Example of members of Team A collaboratig while working with laptops.

In this photo, Nancy, Anne, and Khloe from Teamllave their personal laptops open.
They are all working individually on specific taskait they are also viewing Anne’s laptop
screen from time to time as they work becausesperforming video-related tasks and Nancy
and Khloe are interested in how their video prgietiooks so far. These three students worked
in this way for over an hour; notably, this photasittaken during the final week of the academic
guarter when the students were doing prototypirthmeparing to present drafts of their video
prototypes. At that point in the quarter, they hadvier workloads with respect to individual
tasks, most of which they needed to complete oin tbenputers.

The task work pictured above was extremely rarendithe first few weeks of the quarter,

which was when the teams were primarily performdeation tasks such as brainstorming
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specific design concepts. For those tasks, theseamnked around analog tools and relied on
digital hardware tools to record their progrestook up specific information relevant to the
topics of discussion. The final few weeks refleataach more task work with and around digital
hardware tools as the students were prototyping ¥iteos and were pressing to get their
projects completed.

Tablet computers.Of the 28 students in the class, three owned Aipjads: Anne from
Team A, and Nathaniel and Peter from Team B. Nerdthblets were used during the entirety of
the study, and none of the students reported owamiygother tablet computers. The following
photo shows Anne from Team A working on her iPadrdua team discussion, which was
essentially the only time any of the students vadagerved to be using a tablet computer in

support of collaborative project work.

Figure 11. Anne (Team A) using her Apple iPad durig team meeting.
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In this photo Anne has taken a photo of the hartteminotes she wrote in her paper notebook
and is editing them digitally on the iPad usingydus. Observation notes indicate that Anne
only used her iPad for this purpose on one occastonever took notes again on her iPad
during a team meeting, nor did she share thes&atgtes with the rest of her team according to
comments she made during our interview.

Anne also said during her interview that she usadmPad to take photos of the work her
team performed using sticky notes and whiteboasisyell as occasionally create audio
recordings of team discussions. As the photo shéwse kept a paper notebook with her notes
and sketches, which was her primary note-takingttooughout the quarter. She described how
she used her notebook to track her team’s progress.

| take really intense notes and section them offdig and link it up with where we should be

at and where we aren’t at, so it's almost like éecaar sketchbook sort of a thing. So that’s
how | tracked our progress manually. (Anne 083)

Unfortunately, Anne had destroyed her notebook idiately after the class ended, so she was
unable to show her work at her interview; howetee, previous photo provides a glimpse of the
combination of text and sketches that typified¢betents of her notebook.

From Team B, the following photo (taken on Februz8y2012) shows the only time Peter
used his iPad during class: He is reading an artazi leisure during a break between

collaboration sessions.
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Figure 12. Peter (Team B) using his Apple iPad be®en collaborative work sessions.

As this photo shows, the iPad was useful for velcgic tasks that were not always relevant to
the task work being performed each day. Peter'sadiweorkspace and set of tools are

represented in the following photo.
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Figure 13. Example of variety of tools that Peter{eam B) brought to class.

This photo shows the number of tools Peter had ithduring class. In this photo, from
left to right, are loose-leaf paper, whiteboardggenmechanical pencil, an iPad, a camera lens, a
paper notebook, an Apple laptop computer, a smamng@hand more paper of various form
factors. This photo is included to indicate that iRad is one of several tools that Peter hadsat hi
disposal, and he chose to use his iPad only oro@asions and only for leisure purposes.
Finally, both Logan and Molly from Team B statedheir interviews that Nathaniel and
Peter used their iPads during their video recordegsions as a way to silently view their written
scripts. Because paper made noise when they ttineguhges of their script, and because the
microphones they used picked up that sound, theiglele to use an iPad to view their scripts.
They also downloaded an application for the iPaitidacate the scene number, the date, and

other information that makes video editing easier.
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Overall, while students used their laptops and gghanes quite often, Peter or Nathaniel
never used their iPads during team meetings thdutheir project-related task work, although
as mentioned earlier they did use their iPadsssiawith specific tasks during video recording.
When iPads were visible during observation sessitwey sat unused and turned off.

Mobile phones.Nearly all of the students owned smartphones, wily three or four
exceptions where students owned “dumb” phones {#ie Hescribed her older mobile phone).
Those students who did own smartphones kept these @t hand or, on occasion, in their hands
while having quick discussions with each other.ikinlaptop and tablet computers, smartphones
are small enough to fit in a pocket and are alwaymected to mobile data or wireless networks.
Therefore, students wanted to have these toolslyeadilable in case they received a text
message, phone call, or email, or in case theyetdaiottake a photo of something they were
doing.

During the study, students used their mobile phdmethree reasons, listed below from most
common to least common:

e Text messaging- All of the teams used text messaging as a mglac@mmunication,
although the quantity of messages and the reliandexting as a primary means of
communication varies from team to team

e Taking photos of work in progress— Those students whose mobile phones included
cameras occasionally took photos of the work trerygomed in teams, often of

whiteboard or paper sketches and notes createdgdcwilaborative work sessions
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e Calling other team members— All of the teams relied on phone calls on oamasbut
often only as a last resort when they were wondeninere specific team members might
be located (e.g., if they were late to a meeting)
With regard to texting and calling, Anne descriltieel order of operations she ran through
whenever she needed to get in touch with one oermbher teammates.
| would normally go to...Google Groups just to seatlaomass [email] if | was talking to
everybody, and if like one person or two peopleswéresponding | would text them. And if
they didn’t answer me, | would call them. So it \ial of like a string of options to go
through if they're hiding. If | wanted to get inuch with just one of them, | would just text
them. Or two of them, | would just text them. Waas the easiest way to get in touch with

most people, especially since | had three gradesitg] so they were just so busy. They were
always like, ‘Just text me, and | can get backado.y(Anne 181)

Of the 16 students interviewed, 14 students (remtasy all six teams) explicitly described
their reliance on text messages to stay in touth @ach other. Those students told very similar
stories as the one above: They mainly texted wieefopning task work related to team
formation and meeting coordination, or to send kjuiessages when other modes of
communication were not convenient, practical, tove¢d (e.g., a phone call made while at
work). They resorted to making phone calls only whemething unexpected happened (e.g., a
shift in meeting location) or when a particularteasnember was inexplicably absent.

Summary of digital hardware tool use.There was a greater diversity of digital hardware
tools used in support of collaborative project wiithn analog tools, although the next section
describes the even wider variety of software arthertiools that the students used. Three factors
explain this diversity of tools.

First, the students in this study represented sdiflarent academic disciplines and

departments, all with their own guidelines and Ipeattices for digital hardware use. The choice
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to own an Apple laptop rather than a Dell laptopning Microsoft Windows, for example, was
made for the IXD students because their departmantiated the use of Apple digital hardware.
Second, some students lacked the personal resdorobsain the digital hardware they truly
wanted. Kristal cited cost as the reason why stiendt own a newer laptop.
| always use the school computers because it wasvastment | decided not to make
because | knew | was going to replace my compattre near future, but | wasn’t

financially ready to do it, so | always use themals resources because they are free. They
are quicker. And they have larger screens so Igetrmore done quickly. (Kristal 023)

Because Kristal was a senior undergraduate fronstheol of Information, she had no
requirement to own a new Apple laptop. Insteadyiés the members of Team D, she chose to
use school resources whenever possible. Similaltlgf the teams attempted to borrow DSLR
cameras and lenses from the School of Art and treniversity’s technology center, as those
tools are expensive to purchase.

Third, some students had more real-world experi¢éimae others with different digital
hardware tools. Peter from Team B worked for Adob¢he Premiere Pro team, so he had far
more videography experience and exposure to thesgmrnding digital hardware than most of
his teammates. Therefore, he had a lot more digéedware experience compared to Fiona,
Logan, or Molly, none of whom had worked extensiah video projects prior to this course.

Finally, it is worth noting that laptops were m@pular among students in this study
because they worked in a variety of locations aetled to use a computer nearly all the time.
Desktop computers were helpful for processor-intentasks, such as rendering video, that
students could ignore in favor of completing ottaesks while those intensive tasks completed.
By contrast, most of the students’ laptops wereposterful enough to render video files in an

efficient way, so they tried to avoid such taskdlweir laptops. The few students who had tablet
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computers did not use them for any tasks otherwréimg notes or sketching during team
meetings, or taking photos of analog design atsfa&ll of the students used their mobile
phones to text and call one another, but they dicattempt to perform any project-related task

work on their phones (aside from taking photosheirtanalog design artifacts).

Student Collaboration with Software and Online Too$
The following table lists all of the teams and itié&s the most commonly used software and

online tools the students on those teams usedhéar ¢ollaborative project work.

Table 4. List of software and online tools used bgach team.

Tool Name Team A Team B Team C Team D Team E Team F
Adobe After Effects X X X X X

Adobe Flash X X

Adobe lllustrator X X X X X

Adobe InDesign X X X
Adobe Photoshop X X X

Adobe Premiere Pro X X

Apple Final Cut Pro X X X X
Dropbox X X X X X

Email (any client) X X X X X X
Facebook X X X

Google Docs X X X

Text Messages X X X X X X

Note that while students used other tools to collate, this chapter focuses on the tools that
students across multiple teams used consistentlyiaibly for specific tasks and activities
during the academic quarter. For example, becaaamB was the only team that attempted to
use Pinterest in support of their collaborative ky@and because they abandoned that tool after
two weeks of spotty usage, Pinterest is not dismlssthis chapter. Additionally, the email
clients that the students used are conflated reeaesingle category called “Email.” Although it

is true that email clients can be quite differentiesign and function, the specific details of émai
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client usage among students were not studied frcuit detail to draw comparisons or derive
conclusions across clients.

The remainder of this chapter provides an overnoéhow the different teams in this study
used the tools listed in the table above. Whereggjate, tools are grouped into a single section
because students used certain software and onbitgefor the same tasks and not for other tasks.
For example, the first section describes how stisdesed Adobe After Effects, Adobe Flash,
Adobe Premiere Pro, and Apple Final Cut Pro bectheseworked with video editing and visual
effects tools such as these in tandem.

Adobe After Effects, Adobe Flash, Adobe Premiere Rrand Apple Final Cut Pro.All
six teams in the study used either Adobe Premiss@PApple Final Cut Pro for their video
editing task work, although multiple teams triedle#ool before settling on a preferred tool.
Premiere Pro and Final Cut Pro are both designedegrate with Adobe After Effects as well
as Adobe Flash, two popular visual effects tooige Feams used After Effects and two teams
used Flash to generate and edit visual effectaamdations; fewer teams used Flash because
fewer students were adept with that tool compavehifter Effects.

The video prototype assignment added a level étdity to the students’ lives because of
resource constraints. For example, Premiere Prdbearsed with either the Apple or Microsoft
operating systems, while Final Cut Pro is an Agpiér tool. Although all IXD students were
required to own the Design & Web Premium CreatiugeS(CS) package, neither After Effects
nor Premiere Pro are included in that package.fAsugust 2012, the list prices for After
Effects and Premiere Pro as stand-alone softwals &we $999 and $799, respectively, while

Final Cut Pro costs $299. The only way to obtaimithe necessary Adobe software tools at a
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discount is to purchase the Master Collection CGkage through the university, which costs
nearly $600 and which includes many of the samks tihat IxD students already own as part of
the required Design & Web Premium package.

The instructor also provided guidance about hosttiecture video editing and visual effects
tasks around specific video editing tools. On aste@ne occasion during a class session, the
instructor advised students not to use Adobe Preneo because of the video output that they
could generate using that tool. Specifically, obraary 9, 2012, the instructor cited the fact that,
at the time when the course occurred, Premiere®ula only output interlaced video files rather
than progressive scan video files. Nevertheless téams did use Premiere Pro while the other
four teams used Final Cut Pro.

The process of creating video prototypes was caatad by the way the video editing and
visual effects tools function in parallel. Spediiy, when the students in this study used After
Effects, they were also trying to use either AdBlbemiere Pro or Apple Final Cut Pro at the
same time on the same computer. This simultanesageuof both tools (in addition to any other
software tools that were running at the same tiregliires a lot of processing power, and not
every student’s laptop could handle that. Anne idless how the computing resource
requirements associated with these tools impacatedhoice of tools.

The only reason | chose Final Cut Pro was becauseniere Pro is a lot larger of a system,

and it basically just bogs down my computer. Sanftorun Premiere Pro and After Effects

at the same time, but | am able to run Final Cub Bnd After Effects on my computer at the

same time. So that was basically where | was iBkay. Maybe | should do this,” because |
only have my laptop so | didn’t want to bog downaomputer too much. (Anne 035)

Video editing and visual effects tools require eagrdeal of processing power even when used
on their own. Using two of these tools at the séime requires even more processing power,

and not every student’s computer was up to the task
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For this reason, Anne felt compelled to changestaold use Final Cut Pro rather than
Premiere Privecauseshe needed to run After Effects at the same thitbough the user
interfaces for both Premiere Pro and After Efféatdk quite similar, Premiere Pro is the tool that
enables direct video editing whereas After Effestables overlaying visual effects on top of
already-edited video. Therefore, students likentdch between these tools as they identify
scenes that need to be re-edited or shifted araithch the order of all the scenes that comprise
a specific video. In short, it makes the most seéaseve both of these tools open at the same
time because that provides the most convenientaddthr creating video prototypes.

The students persevered despite these resourcieaintssand created high-quality video
prototypes. For example, Team E developed a desigeept that enabled older members of the
population to record unfamiliar terms that arisemy conversation and then review what those
terms mean at their leisure. Erica from Team E sag used Apple Final Cut Pro to edit the
video files because that tool rendered video marekty than Premiere Pro, and because her
team wanted to integrate gestural animation effi@ttstheir final video prototype. The

following screenshot shows a still image from tieam’s final video.
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Figure 14. Example of Team E video output created ih Apple Final Cut Pro.
To make this video, Team E used Flash to createckup of the user interface, which is visible
in this screenshot. They then filmed a person usiaginterface mockup on an Apple iPad as if
the interface actually existed as an applicatiom ¢tablet computer. However, to simulate the
response to touch, they used After Effects to ddd/isual effects necessary to make the
interface appear to react to a person’s gestutesblue circle in this screenshot is an example
of that animated reaction to the touch of the p@ssband.

According to Isole from Team D, After Effects wae tonly tool that could be used for this
purpose.

After Effects, | don't think there is anything eysri can really use to do overlay graphics for

interfaces the same way...[After Effects] felt likgiaen for making those types of [video]
prototypes. (Isole 107)
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Given the emphasis on the quality of the final vigeototype, all of the teams (aside from Team
F) used After Effects to inject realistic-lookingar interface elements into the videos they
produced. Team F did not use After Effects bec#usie design concept was essentially a
Website that needed no visual effects or animat®howcase its functionality.

Finally, as with Team E, the members of Team C @aseambination of After Effects and
Flash while working on their video prototype. Nattb@en Team C was extremely skilled with
Flash, according to his teammates, and he decodeskt Flash as the tool for developing
animations that he would later integrate into tltew® content using After Effects. His teammate,
Kimberly, describes how he added these visual &ffiectheir video files.

Norbert had sort of a hacker way of doing his artiora He’s really comfortable in Flash

and he’s not as comfortable in After Effects.... \AAeeha lot of little squares that are kind of

bobbing around, so [he] would do the little boblglianimation in Flash, and then import the

Flash file into After Effects. Which, at firsthdught he was being crazy about that. But it

ended up being really nice because then he coulshghk into the Flash file that was linked

to it and just change that slightly instead of mavio reanimate the After Effects thing. And

he could easily just change the file, which youl@dq@uobably works the same in After
Effects, but that worked for him. (Kimberly 511-p515

Because Norbert was the acknowledged expert oteduns for all of the visual effects and
animation work, Kimberly and the rest of the teasfedred to his knowledge with regard to the
tools to use for those tasks. His “hacker” styl@approaching the visual effects and animation
tasks worked for him, and his approach to desiguisgal effects and adding them into raw
video files was unique among the students in tiuidys

In the quote above, Kimberly references squardsdtbiaaround within their video
prototype. The following screenshot shows a stithge taken from an early draft of the video
prototype that Team C created, and demonstratesdifigon of visual effects to video footage

using After Effects.
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Figure 15. Still image from draft version of Team Cvideo prototype.

In this image, the video content is overlaid witlotvisual effects: the “Newspaper Apps” and
“Seattle City App” squares associated with the rpaper rack and the city map. In the actual
video, these squares bob up and down to indicateafips are available for those items in the
city landscape.

Norbert created those squares using Flash, anchtherported the animation files into
Premiere Pro, where he “attached” that conterhéaaw video files. He also added the team'’s
interface mockup into the raw video files usingekfEffects so that the smartphone user in the
video would appear to actually be using their ifsieg concept. That process, known as

rotoscoping, is both technically challenging amdeticonsuming. The following screenshot from
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the final Team C video prototype shows an exampleow Norbert inserted the team’s interface

concept directly into their video files within Preare Pro.

10 2

FOOD
TRUCKS

Figure 16. Example of interface concept inserted to Team C video prototype.

Note the slightly blurry fingers compared to tharghtext and icons on the white surface of
the smartphone. The actor’'s hand was moving whaladed the phone, which meant that
Norbert had to spend a great deal of time usingfere Pro, Flash, and After Effects in parallel
to create the final effect he wanted.

[Norbert] was trying to do this thing called rotagaing. You have to map something to

something moving [within the video], and...he wasiEgsome fingers that were over part

of the interface. But, anyway, | think it took Hike five hours to do like a few seconds of it.
(Kimberly 169-171)



112
The scene depicted in the screenshot above ladestthan two seconds, but as Kimberly
points out Norbert literally spent several hourscdyonizing the location of the interface
mockup with the smartphone surface within Premiree

Adobe lllustrator, Adobe InDesign, and Adobe Photasop. All IxD students are required
to purchase Adobe Creative Suite (CS6), specifichk Design & Web Premium Suite edition
of Adobe Creative Suite (CS). Version 6 is the noostent version of CS as of 2012; that
edition of the Design & Web Premium Suite includesobat, Flash Professional, lllustrator,
InDesign, Photoshop, and a few other applicatibasone of the students mentioned using
during the study. CS6 does not include After EBdot creating visual effects or Premiere Pro
for editing and producing video content.

The interfaces for Illustrator, InDesign, and Plsbimp are visually similar. All three tools
present a central “canvas” that can have diffelagyers, with a primary menu system across the
top of the interface and “palettes” of tools to &k and right of the canvas. The main
distinguishing feature among these three toolsdetdying support for the creation of either
vector or raster art. lllustrator is a vector adlf which means that files can be scaled up or
down to any size without a corresponding lossaélfty. Photoshop is a raster art tool intended
for editing photographs and other photo-realishages. Unlike vector art, fidelity is lost when
raster art is increased in size. InDesign is atdesiublishing tool that can edit both vector and
raster art.

The ability to create vector or raster art was vergortant to the students in this study, who
worked with these tools in different ways dependinghe tasks they were trying to accomplish

and their own personal knowledge of each tool. @\dnowever, the students in this study used
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lllustrator far more often than InDesign and Phbtgs Khloe provided the best description of
how lllustrator, InDesign, and Photoshop are ddferfrom one another, and how each tool can
help students accomplish specific types of desajated tasks.

Everybody | know just uses Photoshop to edit thleatos. | guess there’s stripped down
versions of it, but as far as | know, there’s niedi competitors that have all the features
that it has, and | don't know any other programsise that creates vector art other than
lllustrator. Then InDesign is really like a layouttol. You can create vector artwork in it, but
usually you're creating your vector artwork in Idtrator and then importing that in

InDesign...people also create presentations in iatst, so then at that point it just
becomes personal preference. (Khloe 125-126)

The remainder of this section explores how theesitglin this study used lllustrator, InDesign,
and Photoshop in support of their collaborativekwvor

Adobe lllustrator Five of the six teams used Adobe lIllustrator wragety of ways as they
created design artifacts related to their projeite only team that did not use lllustrator (Team
F) relied on Adobe InDesign instead for their contreation and layout tasks. All of the IxD
students owned lllustrator, and some of the stdieain other disciplines and department
owned it as well.

Students used lllustrator for a variety of purpdsegond typical graphic design tasks. For
example, although Illustrator was not developed et editing or presentation tool, the
students in this study used lllustrator for thoggpses as they worked on nearly all of their
deliverables, beginning with the conceptual moddiverable. For that deliverable, the students
were required to produce PDF files and present théine class. Despite the availability of tools
optimized for editing text and images, as well@spresenting visual ideas (e.g., Microsoft

PowerPoint), Erica from Team E explains why shégored to use Illustrator.
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It's super easy to do it [in lllustrator]. It's rél& mindless and | can just copy and paste a
bunch of lines and text strings and it's like raprdtotyping for me. I'm extremely fast with
[lllustrator], and it's faster than any other progm, so it was just like a speed thing. (Erica
250)

In the context of their broader process for creptims deliverable, Team E turned to
lllustrator once they were ready to formalize thgsign concept and prepare it for presentation.

This whole [process] started at the Post-It notessen where we posted them on the
whiteboard and then we were also writing stuff o whiteboard, word maps on the
whiteboard, and then we started writing down asa@ug the word maps on the big poster
paper. And then we each took home a piece of ppapar and would write our own word
map, and then we used the wall to pin them upeattid to make the final revisions to it.
And then | used lllustrator to put this [deliverabtogether, and then Carl sort of glamified
it with the colors, and then he put it togethetlinstrator as well for the presentation, and
then we exported it to PDF. (Erica 308-310)

The following screenshots show two examples of winatinished deliverable from Team E

looked like.
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Figure 18. Example #2 of Adobe lllustrator output fom Team E.

As these screenshots demonstrate, the studentdllusédtor to create simple and complex
depictions of their design ideas, as well as higakgual and highly visual representations of
those ideas. The first screenshot above resembliggtal recreation of a word map describing
ideas related to a central design concept, as Brazgioned in the prior quote. The second
screenshot reflects the distillation of that wordminto a much more digestible image that

summarizes the team’s process for arriving at fiveat design concept.
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Note the word “constraints” is misspelled in theteenshot, which highlights the fact that
because lllustrator is intended as a graphic deésigrather than a word processing tool, it lacks
integrated spell check functionality. That missipellalso reflects how users of lllustrator work
with the tool: They must type text manually intalimdual text boxes, which they can move and
place at any location within the canvas on whiaythre working.

Adobe InDesignThree teams used InDesign in some capacity instpptheir
collaborative project work, although only Team ke exclusively relied on InDesign instead
of lllustrator to create their deliverables andsemations. As with Illustrator, the students who
used InDesign did much more with this tool thart tayout and other typical desktop publishing
tasks. For example, the following screenshot sheasaft of the user experience walkthrough

that Team A created.
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Figure 19. Example of Adobe InDesign interface.
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As this screenshot demonstrates, Team A used IgDésimock up the visual elements for their
conceptual model. Note the inclusion of sketchas tdem member Bae created using his
Wacom tablet and lllustrator. Note also the icanthe right of the sketches: That space is
outside of the “printable” area of the canvas, Wwhgbounded by the pink and black rectangles
in the image above. Additionally, the blue boxe®Wwethe sketched images contain icons and
text related to the team’s walkthrough, the dewiilehich are unimportant here.

Adobe PhotoshopMembers of three teams used Photoshop in supptiteio collaborative
project work. The students who used Photoshopallaesause they needed to digitize the
sketches they had made using analog tools (e.gelvdards, paper, sticky notes). For example,
Delilah explained the process that she and her {(@aam D) went through to develop their
conceptual model presentation, and the purposé@atioBhop within that process.

[We used] paper and pen. Then it would've been anrser, and then it would have been

Photoshop, and then [lllustrator], and then we wbbhve just checked that [the PDF file]
opened properly in Acrobat. (Delilah 179)

In this quote, Delilah explains that her team aiiyi sketched ideas for the conceptual model
using pen and paper. She took those paper-bastahegkend used a scanner to digitize them.
From there, she redrew the rough digitized imagdasgh-quality drawings in Photoshop, which
she then saved as image files that she importecaminDesign file. She was able to make a
PDF copy of the lllustrator source file; the teased that PDF when they presented their
conceptual model to the class.

As with Delilah, Fiona from Team B and Anne fromafie A also used Photoshop to create
digital versions of sketches they and their tearemateated using analog tools. However,

Delilah used Photoshop in a way that was uniquengntive students in this study. She sketched
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a lot of design ideas by hand rather than usingtiator, but as a result she needed to digitize
the best sketches for use in her team’s delivesable
The other reason why | used Photoshop was becalse lWwvas putting the storyboard
together, | would do multiple sketches of the skiamae and then choose the best one, and
then Photoshop something together to look like ene all one storyboard.... There’s all
these different [sketches], and so those [sketcimespme cases were scanned, and it was

really because | would do them as a series, and gme of them would be bad so I'd
resketch them and...Photoshop it in to replace tliedree. (Delilah 163-167)

Note how Delilah uses the word “Photoshop” as & uethis quote. She relied on sketching by
hand because she found it less distracting to Waakway, but then she relied on Photoshop to
help establish a seamless flow among the skettteesedected for her team’s final storyboard
deliverable. In this way, she combined two tookst she preferred into a personal process for
creating design artifacts.

Dropbox. Five of the six teams in this study used DroplmslHare files, and 13 of the 16
students interviewed described using Dropbox witheir teams. Dropbox is a free online tool
that enables users to share files with one anditineugh dropbox.com, or through Internet-
connected folders that reside on users’ digitatiware tools and that automatically synchronize
their contents with other users of the same fol@iee following screenshot shows the Web

interface for Dropbox as of September 11, 2012.
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¥ Drophox %+ Dropbox i B

Figure 20. Example of Dropbox interface.

Although Dropbox is free, users must pay to recemoee space for file storage; at the time
of this study, users of the free version of Dropbeceived 2 gigabytes of space. All of the
students in this study who used Dropbox reliedhenftee version of this tool. Molly explains
why Dropbox was her team'’s choice for sharing files

Dropbox, | think there are a bunch of other progsaaut there that kind of do similar things,

but Dropbox is really easy to use - like, extrengagy. It’s just so convenient and we didn’t

really consider using anything else. It's just |ikeh. Well, Dropbox, obviously.” (Molly
051)

When the students formed teams they also sharediapbox folders with one another, which
is to be expected considering the students needeallaborate with one another on their team
projects. When Dropbox users share their foldéesy space allocations combine as well and the

2 gigabyte limit for file storage applies to alleus who share the same folder or folders.
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As aresult, all of the students in this study wised Dropbox struggled with space
limitations, particularly once they began sharimdeo files during the last few weeks of the
academic quarter. In some cases, teams reliedmeskess on Dropbox and more on other
software and online tools such as email or on digiardware tools such as external hard drives.
All our Dropboxes became full at one point or amotlso we had to kinda work around

that.... We would delete things from our own Dropbopre we would just email back and
forth certain files. (Fiona 177-179)

The most compelling stories about students’ usd@rapbox came when the students
talked during interviews about how they used Droptmocommunicate with one another.
Dropbox does not necessarily facilitate communicaimong users of the same folder. Part of
the value of Dropbox is that, as an online toograsan access the same shared Dropbox folders
regardless of which operating system they are nghan their computers. The Web-based
interface for Dropbox is platform-agnostic, but dowt provide notifications when files have
been added, changed, or removed. For this reasmmewver the students within a specific team
accessed their shared Dropbox folders, there vpassibility that new files would appear, or
that iterations of the same file would have repdiageevious versions without any clear
descriptions as to what changed within those files.

Molly described how she and the rest of Team B wdr&round this issue of keeping one
another informed about which files had changed, timy had changed, and which copies of the
files should be considered the most current vession

Nathaniel was like, ‘Okay. Well, | can take theteskel have time. | can take the sketch and

mock it up in lllustrator. I'll put a PDF in Dropboso you can all look at it. Give me some

feedback by Monday night and then, based on yoys’ deedback, | can revise it Tuesday
morning and we can get together on it right befdess to make sure we’re all happy with

it.” [But] because Logan didn’t have lllustratorng lllustrator document that one of the

design folks wanted feedback on had to be savigkiBropbox as both an lllustrator
document and as a PDF because Logan wanted toabiblout he couldn’t modify it. But



122

one of the other interaction designers might hasated to also modify it, so we pretty much
had double copies of everything - PDF and the oagi(Molly 203-205)

In this quote, Molly describes how her teammatehiliaiel volunteered to tackle the creation of
a specific design artifact, and how he explained bie would inform the rest of the team once
that artifact was ready for their feedback. Mollscadescribes how Logan, who was not an IxD
student, did not have a copy of Adobe lllustratadhwvhich to view the design artifact in its
native format. Therefore, Nathaniel had to savdlthstrator file to Dropbox so Peter and Fiona
could review it, and he had to export a PDF versibiine same file so Logan and Molly (who
also lacked a copy of Illustrator) could view itdacomment on it too. Although Nathaniel set a
timeframe for when he expected to have the destifaa ready for review and when he wanted
to receive feedback on it, the members of TeamIBdaied heavily on email to tell one another
when they had started or completed specific taskk as reviewing this design artifact.

The free space limitation of Dropbox is also impattin the context of student collaboration
because that limitation impacted the ways in whéEmmates worked with one another, both in
terms of the tools they used to share files andigogsions they made about which team
members should even receive specific files. Fomgta, Isole and Delilah worked together on
Team D. They each described during their intervieass their team used Dropbox as a
communication tool, and how they dealt with itsst@mings in that context of use.

There is a little bit of communication, | guess wigeu add things to Dropbox, you can see
that [files] are being added, but indirect. (Isdé&?3)

Isole makes reference to thiedirect’ communication that happens when a team member
uploads a new file to a shared Dropbox folder: fisattions about these occurrences are not

always forthcoming from the Dropbox interface. Dwog users only receive notifications of
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added or updated files in certain contexts of esg (using Dropbox as a local folder rather than
working with Dropbox through a Web interface).

Delilah clarified how she and her teammates hanttiedheed to let one another know when
files were added or updated.

When it came to actually producing files and pradgwisuals for things, we were using

Dropbox, so we would see when people were uploadings.... In addition to dropping it

in the Dropbox, we would send an email saying, Heyst dropped this in the Dropbox, so
check it out.” (Delilah 031)

In this quote, Delilah distinguishes between exgyicommunicating about shared files using
email and implicitly communicating availability adding those files to a shared Dropbox
folder.

Similarly, Abraham and Holly worked together on e@ and used Dropbox throughout the
academic quarter. Holly established folder namimgventions within Dropbox to suggest where
other team members should store the files theyeshaith everyone else, as well as how to
categorize those files in a standard way to kemlasi files grouped within the proper folders.

Holly...set up initially for us the file structurerfour Dropbox using both numbers and titles,

so this is our folder for presentations, one foltaridentity. | think that was mainly because
she wanted [folders] in a certain order rather thieing alphabetical. (Abraham 141-143)

Holly never explicitly told the team about her uwddolder names as a way to communicate
intent regarding where files should be stored withieir Dropbox folders. Instead, she indicated
her preference by communicating through the foldenes she established. The following list
reflects those names; note that Holly added a digihe start of each name to order them in a
specific way, as Abraham described:

e 0 _Presentations

e 1 |dentity



124

2_Meeting_Pictures

3_Storyboard

4 Interface

5 Video

6_EXPO
Unfortunately for Holly, the other team members ad comply with her information
organizing strategy when they stored files in tiskiared folders.
| also had made [Dropbox] folders for all [delivdrke] categories...so you could [see] for a
project all the different folders that you potetiyianeed. It'd be nice if [my teammates] could
just use those because | had them set up. Buipigpie just put stuff not in the folders

where they belong but just - sort of like when goustuff on the desktop. [They] just threw
[files] in there and | was always upset [having]doganize it more. (Holly 337)

Again, the way that Holly describes Dropbox isemts of its shortcomings as a communication
tool. She stated her expectation that her teammaiakl follow the folder structure she
established, but instead they treated Dropbox rikeean operating system desktop with files
strewn everywhere without a discernible orderingfesy.

This lack of discipline around where the team stdiles within Dropbox impacted their
progress late in the quarter. Kimberly cited hant&s use of Dropbox as a reason why they
struggled to pull together process documentatiothieir final product.

| think it was just a matter of not knowing wheverything was and having way too many

files that we hadn’t really named properly. We faalolunch of labeled Dropbox folders that

weren’t labeled very well, either. There was a Buotresearch things that were in a folder

called ideations, but then there was a folder @hliesearch. So we’d be looking in different
folders. ‘Where was that one file?’ [Laughter] (Koerly 205-209)

Clearly Holly’s attempts at naming the folders inamsistent way did not work out for her team.

It is interesting that the folder names Kimberliesiare not actually the names of their shared
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Dropbox folders, which indicates the messy andlehging nature of communicating among
team members.

Finally, Delilah and her team did not attempt tgasrize their files within their shared
Dropbox folder during the academic quarter. Ateéhd of the quarter she and her teammates
struggled to determine which files were importamd avhether each member had the right files.

You can lose track of who has the files or who ye@lready given them to, and so

especially at the end of the project, like rightvpeve are all making sure that we have all of

our files from the project, and so trying to figwet which ones people have and don'’t have,
and you copy those. It's kind of a challenge. (2&al211)

As Delilah pointed out, digital copies of desigrdaocial artifacts proliferated within her team,
which meant that version control became increagioléllenging as the quarter wore on.
Delilah provided some additional detail as to hdw addressed this challenge.

| occasionally tried to use the little file labedjrtool in Mac, the Finder thing, where you can

like option-click and give it a color to keep traskwhether something had been put on
Dropbox, or put on an external [drive], or somettilike that. (Delilah 213)

As these quotes indicate, the members of Team [ahpaabrly-defined process for saving and
cataloging their work during their design projeghich meant they had to perform a great deal
of retrospective work to determine who had copiabe files they had made.

Email and text messagesAll six teams used email and text messages exieggo
communicate with one another. Students receiveddneail accounts through the university,
although nearly every student also had other eacaibunts (e.g., Gmail) that were free to
establish and use. Email served three purposdkdse students with respect to their

collaborative project work:



126

e Coordinate team task work within and across agtiwit

e Discuss sources of inspiration for design conceptkother ideas related to the project

e Send files back and forth, with or without contetttommentary in the message body

By contrast, students relied on text messages wWiegnneeded to know where a team
member was, or whether they should begin a meetitigput someone. Erica from Team E
explains the order of operations with regard toigrext messages, and phone calls.

With email and text, if we didn't get a responseemail for a couple of days, we would have

to bug them and directly contact them by callingnthor texting them, but that was the main

way actually. Email is sort of you don't have tplyeright away with email like there's not a

social rule surrounding that exactly, but with &exir calling someone, it's much more polite

to answer, so | think that's just where it came ipfay was like, ‘Okay, we actually need you
to reply now. We're gonna text or call you.’ (Erig@2-304)

With regard to coordinating the collaborative effaissociated with teamwork, students
relied on email when they wanted to assign or vigleinfor specific tasks, check in with others
on their progress with those tasks, schedule ngetsend out notes that resulted from meetings,
and so on. However, the students used email akbohamong several that facilitated
coordination, discussion of ideas, and file shariancy from Team A described when she and
her teammates would switch from one tool to anoitinéne context of their effort to coordinate
their task work within and across activities.

We would text people to figure out where they wete schedule meetings or to check in
about things if email wasn't fast enough. (Nancy)20

All six teams provided this same basic explanagisno why they would use email to
communicate, and when they would use another Eoohil is well suited to longer, more
thoughtful, more detailed messages that might lndyss require an immediate response,

whereas text messages are brief and usually reséwenportant inter-team communication
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events (e.g., asking one team member why she weatla meeting). Students used phone calls
when email and text messages failed to get theetkstsponse quickly enough.

After the teams had formed, students used a cortdsmaf email, Facebook group pages,
and blogs to share design concept ideas or tosissnurces of inspiration or relevant
information. For example, Kristal reported that siné her teammates never used email to
coordinate their task work, but they did use ieesively to share ideas about their project or to
send files to one another.

Kristal: If we did collaborate over email, it wagasically sending out existing technologies

for people to look at because it's easier to dd thrayour own time than to have the
conversations.

Alex: Did you track any of that? What would it Idi¥e to set things up?

Kristal: An email thread. It was just like one panswould send it out and then someone else
would ‘reply all’ with a different technology on &xisting platform. (Kristal 078-082)

Team F (Kristal's team) relied on email conversadito discuss ideas and possible touchpoints
for design inspiration, whereas Team B shared idadsdiscussed existing technologies using
their private Facebook group. The members of Tearre@ted their own blog to externalize this
discussion process and to have something tangitdedw at the end of the quarter. Again, these
choices about which tools to use reflect studerdntrasting assumptions and expectations about
the tools themselves.

Facebook.Three of the six teams used Facebook to shars,igbatos they had taken of
their artifacts, links to Websites and videos, eaadrdinative messages related to team planning
tasks. For example, Team B used Facebook becawss & lowest common denominator in

terms of how technically savvy the different graupmbers were, and how skilled they all were
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with different info sharing tools. Peter explairtbd thought process behind this rationale for
using Facebook.

| would say that some of the members of our groeemwt as technologically savvy as
others. Like | would put myself on the high enteoh savviness. I'm a nerd for technology. |
came from computer science engineering and them twenteraction design. But | feel like
Nathaniel, on the other hand, is on the opposigzspm - like a great designer, but not tech

savvy whatsoever. You know watching him use Fa&alas almost painful. So like it made
sense for us to have that as our tool. (Peter 293)2

Team B did attempt to augment their use of Facelbyakreating two Pinterest boards where
they could save links and images that served asaswof inspiration for their design concept.
However, because of the team members’ existingli@mty with Facebook as a tool, as well as
a lack of interest in learning a new tool, TeambBradoned their Pinterest pin boards after about
two weeks of spotty use.

It was unclear whether the other three teams thed &racebook defaulted to this tool due to
technical skill limitations among their team menghdarhe members of Team C used Facebook
because they could share images of artifacts akd to useful information easily and in a
threaded way without generating a lot of email.

[Facebook makes] it easy to communicate with pedglenk people are more likely to

respond on Facebook than via email, just becauséess formal or something, and then it's

kind of halfway between email and text messagingpBople check their Facebook a lot.

And then it's really easy to be like, ‘I'm going Bacebook, yes, we're coming to the
meeting, cool. That's a good article.” (Kimberly®2231)

However, after an initial attempt by members ofea to use Facebook to communicate, they
stopped using Facebook when it became clear tleatemm member did not have a Facebook
account and seemed unwilling to create one.

| don't have Facebook, but | do have Google Pluthatls why we used that rather than

Facebook for sharing things and messaging eachro8wl was a pain for my group.
(Abraham 233)
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Team C attempted to use Google Plus instead obBakeor a while as Abraham had a Google
Plus account, but none of his teammates had aczeutht that online tool. Team C ultimately
built a blog and relied on Google Docs and emad asy around using Facebook.

Team F rarely, if ever, used Facebook. Kristal aad her team avoided using Facebook to
communicate for a few reasons. First, Faceboolesgmted an extra step to share useful files or
information compared to accessing Google Docs filaemail, or simply emailing files to one
another.

| think because we have all been on Facebook fdorsg, that Facebook has lost its appeal,

like you use it for more personal things...[when] yoe allowed to see more live updates

and communicate that way, it just makes more sengse email because you have to access

Google documents from your email, whereas, witheBaok, it's just that extra step to go

check and update. So you are already on your eimadther purposes, why add an extra
tool to the mix. (Kristal 220-222)

Second, all of the members of this team had beig Escebook for some extended period of
time before they took the course together, so &ridaimed that Facebook lacked any novelty
value as a newer tool that was cool to use. FinKllistal said that she and her teammates
regarded Facebook as a site for more personalr ridutue professional or class-focused activities.
Interestingly, Teams B and C used Facebook as ancoimcation channel through which
core team members got in touch with other studehtsthey wanted to invite to their teams.
Two students referred to this process as “recgitiand Kimberly from Team C explained how
this process worked.
So before the quarter even started, [Holly] wasnhplag what her group was going to be,
and | hadn't actually talked to her before but wavé a really good friend, and they had told
her that she should work with me. So she Faceba@sisaged me, and was like, ‘Hi, wanna
be in my group for the Microsoft class?’ | was Jikekay, sure.” And I’'m usually one to not
decide on the group until | see people’s ideasw8avere communicating via Facebook, and

we were talking to other people via Facebook albloeitr experience working with Norbert,
so we could get our third design person. And thguess Holly had a friend that knew



130

Ziggy, so he joined our group, and we were all lohéFacebook messaging each other about
strategies for how to pick our other team membteiff ke that. (Kimberly 237-241)

Team C also included Holly, who described her laési to use email as a tool to communicate
with other students whom she did not know. Sherde=tt in her interview how she used a
combination of Facebook messages and text mesdage® email messages, to recruit
members for her team.

| think | didn’t want to ask anyone for email [a@dises]. | think actually Facebook became
the portal where it's most accepted to contact $mdg you don't personally know that well.
Like | think email would have been more strangeatba@ntacting someone on Facebook. Like
[Facebook] felt...like the best way, | guess, orld@st creepiest or whatever. Like | think
when someone emails me I'm always wondering, ‘Hdwali get my email?’ So the thing
about Facebook is it's acceptable to everyone. [{H@5-107)

Holly’s preference for Facebook as a coordinatog is striking because she feels strongly that
Facebook is a less “creepy” way to contact oth&nlestts compared to sending an email
message.

Finally, Facebook was a repository where studemitdcstore the photos they took of their
sketches, notes, and other artifacts made whilalmmiating with one another. The following
passage from Fiona’s interview includes her explanaf how she and her teammates made
files available to one another through their Faodélgroup page.

Alex: How’d you end up using the photos you took®ydu use those for anything else
before the process book?

Fiona: No. Well, | posted them on Facebook just\weryone would see each other on there,
and a lot of pictures were also of the boards thedwes so that we could all refer to those
images when we went to a meeting because somenofibuld be a task list or a calendar
or just important notes for the meeting, so | & on Facebook so we would all see them.

Alex: How did you work with them on Facebook? Wadirgour group members on
Facebook?
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Fiona: We made a Facebook group for our team, &ed tso | would shoot pictures in the
raw and then process them through Adobe into alsm#PEG format and then upload
them.

Alex: Were all the group members already using Bao& before you set up the group?
Fiona: Yeah, they were.

Alex: It sounded like sketchpads or sketch papea, large piece of paper on the wall, but
then did the photos you put on Facebook replaceatall, the process of it?

Fiona: Yeah, | took pictures of the whiteboardsthef paper and pen, and because there’s no
good way to scan them in or anything, and you chaartg them up on the wall, so it's nice to
collect some documentation. (Fiona 135-151)

As this exchange indicates, Team B tried to capthee work by saving digital images of the

artifacts they generated on their Facebook grogee pa& segment of their group page is shown

in the following figure with callouts added to eajl the content that is too small to read.
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-ﬁ. = Link to external, relevant content for inspiration
.E s e e Link to external, relevant content for inspiration
m— - 1teammate comment on how to incorporate
B idea into interaction design for their own concept
; 2 photos of white board sketches and notes
[ i created during team meeting
.;—‘__ ~ Link to external, relevant content for inspiration
BT = 2 teammate comments on incorporating idea
W into their own concept, high quality of source info
.____: . ) . .
== == Linkto external, relevant content for inspiration
e 2 teammate comments and 1 “like” showing
. & H ' H i = N
= enthusiasm for idea, saying “great find!
B~ = (Commentonteam’s need to meet w/instructor
W= Link to external content mentioned by teammate
W== o= Comment on compiling process documentation,
e using “like” function to indicate photos to save
(with 1 “like”)
1 photo of paper w/prioritized list of design ideas
7 teammate comments clarifying items on list
(only the 2 latest comments are visible)
1 photo of design ideas printed on paper and
tacked to wall behind workspace

Figure 21. Segment of Team B Facebook group pagetiwcallouts.
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As this image shows, and as the full set of entndbeir group page reflects, Team B used
their Facebook group page in the following ways:

e Publish “external” (not team-generated) conterkdidescribing ideas, systems,
prototypes, and other information that seemed agleto the team’s design project ideas

e Provide feedback on the quality, relevance, angiptesusefulness of the external
content as an influence on the team’s design projec

e Publish captured images of artifacts that resut@eh performance of task work, such as
taking notes

e Rely on Facebook functionality (the “like” link) indicate which captured images of
team artifacts should be included in their finalgess documentation book, which was a
required deliverable in this course

e Strategize around when and why the team should wigethe instructor

¢ Build on ideas presented in a captured image e&mtartifact, as with the photo of the
list of design ideas and the subsequent commermitadabook clarifying what each list
entry meant and what changes the team membersadvanteake to the list items

e Use captured images to reflect the effort thatasi one team member was expending
with regard to team-related work and artifact gatien

e Create an ongoing conversation about the teammesggect that could be referenced at
the start of meetings as a way to kick off eackudision, recall what had already been
discussed, or consider the potential applicabdiig usefulness of specific sources of
inspiration

e Reduce reliance on email as the tool for coordigatneetings or sharing certain artifacts
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In summary, Facebook served as a tool that fagtitaommunication in a number of ways.
Further study into the use of Facebook among psafeal designers as well as students working
on design projects would likely uncover more adeshiask work performances than the ones
that were traceable in this study.

Summary of software and online tool usagelhis section described in detail how students
used software and online tools in support of thellaborative project work. Of the three
categories of tools introduced earlier in this ¢bgpstudents in this study used the widest variety
of tools from the software and online category,chhs an obvious point since there are far
fewer analog tools that support collaboration. Hesveonly two software and online tools
(email and text messages) were used across a#ans.

As they made the deliverables for their projedts,students had to choose between Adobe
Premiere Pro and Apple Final Cut Pro. Twice as ntaags relied on Final Cut Pro partly
because the instructor told them to use that so&waol, but also because students were
attempting to run video editing and visual effexaftware tools simultaneously. Even though
Adobe develops both Premiere Pro and After Effébes)atter visual effects software tool runs
more efficiently in parallel with Apple’s Final C&ro video editing software tool. Anne from
Team A noted this performance difference as theoeahy she selected Final Cut Pro for her
video prototype task work.

The students were faced with a similarly imporimtice between Adobe lllustrator and
Adobe InDesign. Five teams relied primarily on stiator, while only one primarily used
InDesign. Students made this choice based almtistlgron their personal preference for a

certain tool, as both lllustrator and InDesign litatied the same types of task work that students
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needed to accomplish despite the different waytsthiese software tools organize and present
data. Again, lllustrator is a vector art tool wheeseénDesign is a desktop publishing tool;
however, both of these tools produce PDF files li@lt visually appealing, which meant that
both tools were sufficient for the requirementstoé advanced interaction design course.

Finally, students were forced to find alternativeys to collaborate when preferred tools
were unavailable, or when the tools they neededs¢oin parallel required resources that
stretched the students’ ability to complete thesks. Every team that used Dropbox ran out of
free space, which interrupted or entirely stopgertability to share new files with one another.
Similarly, some software tools that the teams ysagl, Adobe Premiere Pro) were less than
ideal compared to other tools that facilitatedgshme task work (e.g., Apple Final Cut Pro).
Faced with these limitations, students were fotoeithd workarounds, such as using external
hard drives, email messages, or even Facebook gessgashare files rather than cleaning out
their Dropbox folders or working on a specific atls computer because it had the most
processing power.

As the students filled their Dropbox folders andtable storage devices with digital design
artifacts, they also struggled to keep track of relthe most important artifacts had been saved.
The next section describes in detail how a spefen developed each of their deliverables for
the course, and provides some insights into howntémbers of that team tried to keep their

work organized across the different activities wittheir arc of work.
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Student Collaboration with and around Artifacts
Throughout the academic quarter, the students cimteam created a significant array of

design and social artifacts. As described in Chahtan artifact is broadly defined asything
created in support of collaborative project wonk¢luding a process or practice that is made
tangible The beginning of this chapter further distingestamong four kinds of artifacts:
analog design artifacts, analog social artifadtsifal design artifacts, and digital social artifac
This typology is useful as a way to characterizedifferent kinds of work that students
performed with and through each artifact they @eahroughout the quarter, as well as how
they collaborated during the processes of creaii@gting, and using artifacts throughout their
projects.

The purpose of this final section of the chaptaoiprovide an overview of how a particular
team collaboratively created each of the 10 dediblers required for the course. The assignments
that correspond with the 10 required deliverablesavdescribed in the syllabus as follows; the
due dates are added to show the limited time beastudents had to iterate ideas across
assignments and to complete each assignment bafon@g on to the next one:

1. Design project description (1 presentation sliddue January 17

2. Conceptual model presentation (2-3 presentatioies)i— due January 31

3. Interaction sketches and user experience scenatldhwoughs (several slides) — due

February 7
4. Digital wireframes of user experience walkthrou¢gdmurce files, several slides) — due
February 14

5. Video prototype visual narrative (source files)ued~ebruary 21
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6. Video prototype demonstrations (edited video reicgslabout 3-6 minutes long) — due
February 28
7. Multimedia presentation of the envisioned desigvésal slides) — due March 8
8. Final video prototype (edited video recordings a8 minutes long) — due March 13
9. Final multimedia presentation of the design (sevaides) — due March 13
10. Comprehensive design documentation (bound, hardicopk; CD or DVD with all
documentation provided as PDFs, video files, Flasbframes, digital photos and videos
taken of the process of working collaborativelyJue March 13
The following two figures represent a visual timeliof the deliverables listed above; the figures
also include a representative thumbnail image of €aurse deliverable that Team A created

throughout the quarter.



January 3: Course Begins

January 17 i
Deliverable #1
Design project description e Y
_i\ ‘.-LJ
January 31
Deliverable #2
Conceptual model presentation
February 7
Deliverable #3

Interaction sketches and user
experience scenario walkthroughs

February 14

Deliverable #4

Digital wireframes of user
- j—f’ experience walkthroughs

I

February 21 e

Deliverable #5 \. e =

Video prototype visual narrative \ 3| - : /
L]

Figure 22. Visual timeline of course deliverablespart 1 of 2)
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February 28
Deliverable #6
Video prototype demonstrations

— March 8
= Deliverable #7
===
i . Multimedia presentation of the
O S envisioned design
March 13

(Deliverables #8, #9, & #10)
Deliverable #8
Final video prototype

Deliverable #9
Final multimedia presentation
of the design

Deliverable #10
Comprehensive design documentation \Frived.

[y ooyt g s

March 13: Course Ends

Figure 23. Visual timeline of course deliverablegpgrt 2 of 2)
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These visual timelines illustrate the rhythm of dediverables throughout the quarter, as well
as the state of completion of the overall designgut at each milestone. The evolution of Team
A’s design concept is evident in these timelines. é&xample, the first deliverable that the team
members produced shows a car, a bus, a bicyclea aedson walking in order to suggest
possible methods of transportation during a spepfirney. The thumbnail of the final
multimedia presentation (deliverable #9) showsrthee that a user of this application might
take, as well as the combination of transportat@thods that make the journey as fast as
possible given local traffic conditions. Additiohalthese timelines illustrate the progression
from relatively low-fidelity sketches and mind magsing the first few weeks of the academic
guarter to high-fidelity visualizations of the firdesign concept by the end of the quarter.

The rest of this section traces the history of loeevmembers of Team A developed the final
deliverable for each of these assignments. Indiealiustrations for each deliverable are
presented in each section; examples of the diffetesign and social artifacts that team
members made are also presented when possiblevd@ia clearer understanding of how they
produced their deliverables. Team A was the ordynt@among the six teams of students for
which a complete set of artifacts was compiledrafaee, Team A is the only team discussed in
this section.

Design project description.All of the students in this course conducted tffiest work
sessions with their teams on January 12. The rexse session was on January 17; at that
session, each team was required to present a siidgeor depiction of their preliminary design

concept. Team A produced the deliverable showngarg 24 (below).
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Figure 24. Final design project description deliveable.

The instructor attempted to keep the scope ofdéiiverable small because of time
constraints and because all of the teams wouldfsigntly modify their preliminary design
concepts. The deliverable shown in Figure 24 inds¢he initial path that Team A wanted to
take with their design concept. At this point ie tjuarter, the members of Team A were still
deciding what a better travel or commuting expexégemight be, and whether to focus on helping

people get to their destination more rapidly or mgkhe interactions associated with

commuting more enjoyable.
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The following photo taken during this work sesstapicts Team A in the act of recording
their production of analog design artifacts usimgtdl hardware tools, and reflects what

typically happened across all teams at the end@rfyecollaborative work session.

Figure 25. Members of Team A recording their work sssion results.

In this photo, three of the five members of Teararé taking photos of their whiteboard notes
from the day’s collaboration session. These phatr® digital social artifacts that documented
the results of the team’s research and ideatidnvtask from that particular work session. Two
of the students (Khloe, left and Nancy, middle)dugesir mobile phones to take photos, while
Anne used a DSLR camera that she borrowed frormgteictor (she is reviewing the photo she

just took). Kylie (not pictured) and Bae did ndtéaany photos.
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Field observations and notes from that collaboeatvwork session indicate that members of
Team A photographed the notes they took using grtalus because they were concerned those
notes would be erased and all of their work fordhg would be lost. However, the team
members never discussed how they would share ttepthey took, or what they planned to do
with those photos or the notes they recorded. Aafdhtly, they did not set out to record their
collaborative work, but rather they realized thmetyt needed to document their process and the
results of that process. Members of Team A latgonted in their interviews that they made
some of the photos available through a shared @rofdider, although it remained unclear how
often they referred to these digital social artdaor whether they were even helpful to the
team’s ongoing tasks and activities.

When the members of Team A presented their desmjagt description deliverable at the
course session on January 17, the details of heydbascribed their deliverable focused on two
possible areas for exploration throughout the quaRirst, they talked about their interest in
exploring opportunities around enabling multipledas of transportation during the same
journey. As Figure 24 shows, the team considereat wltommuting experience might be like if
the commuter could walk, drive a car, and rideke lon order to get from home to work in the
morning. Second, they described their interestaking the commuting experience more
exciting. They talked about the “stretch goal” ofahto leverage the time that people spend as
they engage in “comprehensive journeys” from ore@kto another.

Team A situated their discussion in the contexisag a mobile phone to engage with
different possible modes of transit, as well ated#nt ways to use the “wasted” time that people

spend commuting every weekday. The feedback theived from the instructor encouraged
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the members of the team to think more deeply abat people mightvantto do with their
extra time if they were to take the bus to workeatthan drive their car. Further, the instructor
suggested that people have different motivationsi$ing different forms of transit to commute:
Driving a car alone might be a chance to feel as@findependence and control, for example.
Over the next two weeks, the members of the teangitit about these comments and continued
meeting to work on the next assignment: the con@phodel presentation.

Conceptual model presentationThe students had two weeks to complete and subeiit
conceptual model presentation deliverables forssssent. In that time, the members of Team A
refocused their design concept around the jourttegtspeople make every day, particularly as
they travel to and from work. Figure 26 (below) wisan analog design artifact that the team
sketched during their January 12 work sessionvéndh represents their initial thinking about

their design concept.
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Figure 26. Sketch that informed final conceptual mdel presentation deliverable.

This analog design artifact served as the basith&final conceptual model presentation
deliverable. The following figure shows the firstge of the deliverable they turned in, which

closely resembles the sketch pictured above.
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Figure 27. Page 1 of 5 from final conceptual mod@resentation deliverable.

In the top right corner of Figure 27, there is & Hmat has the text “MODES OF TRANSPORT”
printed inside it. The members of Team A deriveat tontent, along with the organizational
structure whereby types of transportation were eoted to that text box, from the whiteboard
sketch shown in Figure 26. The second and fiftrepayj the deliverable are shown in the
following two figures; pages three and four are tbadl because all of the details from those two

pages are included on page five.
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Figure 28. Page 2 of 5 from final conceptual mod@resentation deliverable.
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WHAT DOES IT DO?

. ! Location of
Alyshia was very tired on the bus and but knew Destination
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Aaron takes the bus to work, but needs groceries
but doesn’t want to go through the hassel of
dragging groceries onto the bus. .
. Grocery List
NEED FOOD Y

d / |
° - Location of
‘ e cars

Johnny is heading to a job interview in his car,
but is alerted of a major traffic jam ahead and

doesn’t want to be late for the interview and Traffic Report
still needs time to prep. /
‘ Locatlon
G‘ " to Park Im]
ﬂ " Bus Route
Notes

Figure 29. Page 5 of 5 from final conceptual mod@resentation deliverable.

Team A took their research and ideation work, whiey performed across whiteboards, sticky
notes, and large pieces of paper, and converted @ik associated analog design artifacts into
the digital design artifact shown in these thrgeres. Figure 27 illustrates just how closely the
team members tried to create a digital versiomeif tearlier ideation work; Figure 28 and Figure
29 were also derived from notes that members ofethien wrote in their personal notebooks.
Unfortunately, those pages were thrown away bedagephotographs could be taken to capture

the contents.
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This deliverable resulted from discussions amohgfahe team members at multiple work
sessions, as well as the prototyping work that ABae, and Khloe performed. Specifically,
they produced this deliverable as an Adobe PDFuBlag primarily Adobe lllustrator, although
Khloe preferred to work with this deliverable usiidobe InDesign. However, Anne controlled
the source files and preferred to use lIllustragorthe final deliverable was saved as an lllustrato
file.

According to Kylie, the instructor saw a draft bétdiagram shown in Figure 27 and
expressed concern because there appeared todded iaformation being conveyed through
the categories and content that Team A had includglie explained that the team responded to
the critique from the instructor by retaining thligigram, but also adding the content shown in
Figure 28 and Figure 29 in order to provide monetextual detail about their design concept.

We talked about what we would add, what we wold taut, what was most important, and

all that kind of stuff. And so Anne went back ardienanother revision and...that one

[showed] the device that goes to the actions tlo&isgo the man, and all the transport that
filters into that [journey]. (Kylie 081)

This quote indicates how Team A responded to theuntor's assessment of their progress and
attempted to provide more detail about their vidmnrtheir project. Specifically, the team
focused their attention on delivering transit-rethinformation through a mobile phone
application. Figure 28 and Figure 29 suggest hawea of that application might learn about
different modes of transit for a specific journaithough the details were still far from fully
formed at this point during the academic quarter.

Interaction sketches and user experience scenaricadkthroughs. Team A met twice
outside of course hours to ensure they completeid tiext deliverable on time, which was

essentially a presentation of possible interacteom$ user experience scenarios related to their
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design concept. That deliverable was due at theugep 7 course session; the team met on
February 2 as part of the regularly-scheduled eohairs, as well as February 3 and February 5
to discuss how to complete the deliverable.

According to field observations and notes, the Eatyr 2 work session was unproductive and
led to no particular progress on this deliveraBle.February 3, the team brought ideas they had
created independently back for team-wide discus#ibthat work session, the team decided to
focus on creating personas for the potential usktiseir mobile phone application. They spent
much of the meeting collaboratively discussingdb&ails of two personas and creating an
analog design artifact that would later becomectitgerpiece of their final deliverable for that
assignment. The following figure shows part of thiadlog design artifact, which Anne sketched

during the work session as Khloe and Nancy spokie ér about the details she should include.
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Figure 30. Detail of analog design artifact createduring February 3 work session.

This image shows a detail of Anne’s sketch of thl@X” user persona. Specifically, this

image illustrates a day in the life of Max as hesdmeakfast, prepares for a job interview, and
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begins his journey from home to the interview. Ajadhe way, the mobile application that Team
A envisioned warns Max that there is a traffic jand suggests that he park his car and take a
specific bus instead in order to arrive on timelferjob interview.

Anne handed off this analog design artifact to Ba® created a digital design artifact based
around the details included in Anne’s artifact. Paeduced his digital version in time for the
team to discuss the details at their next workisesm February 5. Figure 31 shows a specific
detail from Bae’s digital design artifact as alltbé members of Team A reviewed and discussed

the content of that artifact.

Figure 31. Detail of digital design artifact beingdiscussed during work session.
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Note that Anne has Bae’s digital design artifactropn her laptop: The team sat around Anne
during this work session as they determined whet #till needed to do in order to complete
their next deliverable.

The meeting concluded with a great deal of conaarhconfusion among the members of
Team A regarding what exactly they were supposesthdov at their next course session on
February 7. They were also confused about the rmss&igt and distribution of tasks across all of
the team members. While it was clear that Bae retlgterate his sketches and that Anne
wanted to create a presentation that would servieeaisdeliverable, Khloe, Kylie, and Nancy all
wondered aloud what they should do during the tewsdetween that work session and the next
course session. Ultimately, Anne and Bae complegzdly all of the tasks on this deliverable
after that February 5 work session, partly bec#@use continued using the source files from the
prior deliverable to create the presentation fag tieliverable, while Bae was regarded by his
teammates as the best sketch artist among albfitteem. Therefore, he was assigned the task of
visualizing the user persona and use case thatdas/the basis for the user experience scenario
walkthrough of their design concept.

The following figures show six of the 12 slidesttiiaam A included in their final
deliverable. The omitted pages show additionalidesdout “Max” and how his use case with

the team’s mobile application played out.
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Figure 32. Page 1 of 12 from interaction sketchestiverable.
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Figure 33. Page 2 of 12 from interaction sketchestiverable.
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Max

Software engineer

24 years old

Car owner

Owns a smart phont and home and work laptop
Active: Rock climbs and bikes

Owns a cat

Doesn't like seafood, allergic to shellfish

Likes science fiction, debugging things, and the color red

Figure 34. Page 3 of 12 from interaction sketchestiverable.
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Figure 35. Page 4 of 12 from interaction sketchestiverable.
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Figure 36. Page 5 of 12 from interaction sketchestiverable.
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Possibility Points

Figure 37. Page 12 of 12 from interaction sketchekeliverable.

Figure 32 and Figure 37 serve as bookends fod#ligerable and have a distinctly different
visual style than the rest of the pages includatienAdobe PDF file that the team produced.
Figure 31 shows a detail from the conceptual mtdslthe team created as their prior
deliverable (shown in Figure 28). All of the othparges in this deliverable combine the digital
design artifact that Bae made with application-gecotifications and details, which Anne

made using Adobe lllustrator. She imported thedie that Bae made into her lllustrator
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source file and saved the final version as a P[@Fsb that the instructor and other students
could view the deliverable without having to udadtrator.

When they presented this deliverable to their utdtr and the other students, the members
of Team A said that they had refined the focusefrtdesign concept. In particular, the user
experience walkthrough focused on facilitating faésss travel,” and on reducing the stress of
the traveler as he or she went about their day.ifs$teuctor provided them with generally
positive feedback, but warned them about creatinphbile application that was like a Swiss
army knife, in that it appeared to do everythingdeeryone. The team was tasked with honing
their design concept further into a more manageaifagect for the academic quarter.

Digital wireframes of user experience walkthroughsFor their next deliverable, the team
extended their design ideas further and developadra detailed version of the use case for
“Max.” The team met again on February 9 duringribgt regularly-scheduled course session.
They spent three hours discussing how to modifiy fhréor deliverable in time for the February
14 course session, when each team was requirasiciesd updated, more detailed versions of
their user experience walkthroughs with the ingbuc

During their work session on February 9, the teinggled to reign in all of the possible
directions that their design concept and mobildiegiion could take. As they attempted to
narrow the scope of their project, the memberseaaint A realized that each of them had a
slightly different vision for their final produdtalfway through the meeting, the team explicitly
appealed to Anne for her thoughts on the direatiaiheir project. She began creating an analog
design artifact to help her focus her thoughts. ifk&uctor then spent about 40 minutes with

everyone on the team to assist them as they wdhkedgh their concerns about the excessive
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scope of their design concept. Ultimately, the weaeksion concluded with Anne outlining a
concise set of next steps for everyone on the teasryone agreed to abide by those next steps.
Bae ultimately shouldered the bulk of the task wekween February 9 and the next course
session because he had already made a digitahdasifact that represented the team’s user
experience walkthrough. The following five figurgsow all of the sketches that Bae produced
for the user experience walkthrough deliverablectvithe team showed to the instructor on

February 14 so they could receive feedback abeusttite of their design concept.

Figure 38. Page 1 of 5 from user experience walkthugh deliverable.
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Figure 39. Page 2 of 5 from user experience walktbugh deliverable.
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Figure 40. Page 3 of 5 from user experience walktbugh deliverable.
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Figure 41. Page 4 of 5 from user experience walktbugh deliverable.
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Figure 42. Page 5 of 5 from user experience walkthugh deliverable.

These five figures indicate how Bae tried to sthi# visual details of the user experience
walkthrough to show how the mobile application wbhbé used in the context of a person’s
everyday life. The limited discussion with the mstor around this deliverable encouraged
Team A to move forward with development of theirbi@ application interface. At the same
time, the team members worked in parallel on thegsvira which their application would
integrate with data sources that users would ajreagte and that could be mined for personal

information. For example, the team decided to iy everage users’ calendar entries so that the
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application would know where they were supposdaktat different times throughout each day.
After February 14, Bae continued to focus his aitbenon creating use case sketches as needed,
while Anne managed the process of creating the imabpiplication interface as well as the
descriptive vision for how to connect the mobil@lagation to users’ lives through their data.

Video prototype visual narrative. The instructor asked the students to produceualis
narrative that described how they thought theiewigrototypes would eventually look. This
deliverable was due on February 21, and was anrtanptanilestone because all of the teams
were required to present draft versions of thalewiprototypes during the February 28 course
session.

The deliverable that Team A produced for this assignt contained a morass of ideas that
reflected the diversity of opinions among the teaembers about their overall design concept.
Rather than showing each of the 22 different p&ges the Adobe PDF file that Team A
submitted as their deliverable, this section inekithree figures that represent the massive scope

of their design concept at this point in the acadegnarter.
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Figure 43. Page 1 of 22 from video prototype visualarrative deliverable.

This first page from Team A'’s deliverable looks ganto the first page of their interaction
sketches deliverable, which they submitted for smsent two weeks earlier. Again, because
Anne continued using the same set of Adobe llltstrsource files as she produced each
deliverable for her team, she essentially kepaiteg the same digital design artifact. However,
the revisions she made among deliverables werdismmt. The next six pages of this
deliverable contained overview statements abouptbblem that the team’s design was

intended to address. At this point in the acadequarter, Team A was promoting a design
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concept that centered around bringing all of thiedent ways in which people travel around
“‘under one umbrella,” which was their mobile apation that they had named “Arrived.”

The seventh page from the video prototype visuahtige deliverable (shown in Figure 44)

indicates the scope of their design concept.

Plans your route and reroutes you—
{when, where, why} of your destination into account

&

Displays information that is appropriate to your current
device and mode of transport

Figure 44. Page 7 of 22 from video prototype visualarrative deliverable.

As this figure indicates, Team A intended their fided” application to plan routes for users,
reroute users when needed to other forms of avaitedmsportation, and provide timely

notifications across multiple systems and deviceemnecessary. The twelfth page of the
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deliverable shows just how complicated the tearasigh concept had become as they attempted
to extend their application into users’ calendard across devices (e.g., laptop computer, in-car

GPS, and smartphone).
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Figure 45. Page 12 of 22 from video prototype vistiaarrative deliverable.

This page of the video prototype visual narratiebwérable exemplifies the significant
confusion among the members of Team A regarding Wiegr application was supposed to do.

Pages 8 through 21 of this deliverable were digikssions of an analog design artifact that
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Anne had produced as a description of her visionhie team’s design concept. This artifact was
essentially the single tangible thing around wraekryone on Team A was basing their work.
The following figure shows a detail from that argattesign artifact, which the team

discussed at their February 16 work session helagithe course hours.

Figure 46. Detail of analog design artifact discussl during February 16 work session.
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In the top left corner of this figure, the basis page 12 of the final deliverable is visible (refe
to Figure 45). Additionally, in the bottom right tfis figure, there is a large “X” drawn through
step 4 of the team’s use case for their applicattagld notes indicate that the team had redone
that part of their use case; the new step 4 ivisdile in the figure above.

By the time the team met on February 16, they temll@egun recording video footage for
their next deliverable: the video prototype demmatgin. Anne showed the rest of the team
some of the footage she had created for that redixtedable. She was in the process of making
two different videos. The first was a 30-secondvaied visualization of the “Arrived”
application. She had not yet recorded any footagéhke second video, which was going to be a
live-action movie that represented their use cabereby real people would interact with a
mockup of their application as they played outdhterent scenarios described in their video
prototype visual narrative deliverable.

During their February 16 work session, the teanéid their attention between two primary
tasks: creating the storyboard for the video pygiet and sketching ideas for the user interface
that they would develop for their mobile applicatid\nne, Bae, and Khloe spent about 60
minutes during that work session sitting aroundrge piece of paper on which Anne had written
the word “Brainstorm” in big letters. They spendtitime discussing ideas for the application
interface and looking at digital design artifattattKhloe had already made for that purpose. At
the same time, Kylie and Nancy were creating a vension of the analog design artifact
pictured in Figure 46. After an hour had passedryone on the team congregated around the

same table and discussed all of the progress thayrtade on the two different tasks.
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Finally, by the end of the work session, Anne arahé¢y decided that the team should split
into two smaller teams so they could get more wke. Kylie and Nancy were tasked with
developing the team’s user interface design conedpte Anne, Bae, and Khloe worked on
completing the storyboard for their video prototyphe team continued to complete their task
work using this agreed-upon distribution of labatilthey presented their next deliverable
during the February 21 course session.

Video prototype demonstrations.All six teams were required to show their prognegh
their video prototype deliverables on Februaryl@ll cases, these video prototype
demonstrations were incomplete in multiple ways.&@mple, the following figure shows a
still image from the video prototype demonstrati@tiverable that Team A created and

displayed during the February 21 course session.

i

Figure 47. Still image from video prototype demonsation video.
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As this image makes clear, the user interfaceherArrived” application was not completed
yet by the time Team A had to present their videxiqtype demonstration deliverable. The
laptop screen was made to look blank so that tieeface elements could be added later in the
qguarter. All of the teams’ deliverables had simb&nk elements during the videos, within
which they were planning to insert mockups of thaterfaces once those digital design artifacts
were ready to insert. The instructor understoodttiia aspect of the teams’ videos would not be
ready for the February 21 course session.

However, all of the teams’ deliverables were inctetein another way: None of the videos
told a coherent message about a specific desigrepbnAll six teams had a great deal of work
left to do at this stage of the academic quarker;shood among the students was solemn by the
end of that course session. The next deliverabkedua just over two weeks later on March 8,
when each team had to show new versions of thé&ovprototypes. Without exception, all of
the students across all of the teams worked tlzeddst between February 21 and March 8
because their design concepts required signifieamsion and refinement.

Multimedia presentation of the envisioned designOn March 8, all six teams presented the
updated versions of their video prototypes. Theyevedso required to deliver multimedia
presentations that helped tell the story of thesign concepts; the video prototypes were only a
part of this deliverable. All of the students weteessed out as they pushed to complete their
multimedia presentations in time for the March 8rse session.

Between February 21 and March 8, Team A iteratet tiser interface design and recorded
video footage for their video prototype. Anne algarked on the multimedia presentation, which

was again based on prior work she had completegrésious deliverables, particularly the
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video prototype visual narrative deliverable. Thlkofwing two figures show Team A’s progress
when they delivered their multimedia presentatiorMarch 8; note that they again made an

Adobe PDF file, the contents of which were incorgpl@hen they gave their presentation.

77 Value embodiment
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Figure 48. Page 4 of 11 from multimedia presentatiodeliverable.
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Figure 49. Page 10 of 11 from multimedia presentain deliverable.

These two figures show the most salient pages thisrdeliverable; pages 1, 2, and 3 restate
content previously included in prior deliverablegarding the problem and solution statements
related to the team’s design concept. Pages 5ghrBuware almost entirely incomplete and
devoid of detail. Figure 48 illustrates how Teandécided to focus the value proposition for
their design concept around four specific termscéssible,” “aware,” “fluid,” and
“trustworthy.” Further, Figure 49 indicates how tmembers of Team A were still struggling to

hone their design concept into something manageatulespecific. That page from their
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deliverable represents a high-level, system-wigenof the “Arrived” application, but as with
the team’s previous deliverables there are stillimber of different sources of data, different
possible outputs that users could interact witkl, r@m clear connection between the data, the
interactions, and the interface for the applicattsalf.

Team A clearly struggled with the issue of decidnogv to effectively scope their design
concepts so that they could complete their workime and in a way that was satisfactory to
everyone within the team. This challenge was najueto the members of Team A; Logan
from Team B intimated during an informal interview March 13 that splitting up the work and
doing it in parallel led to some significant isswath regard to completing the project. This
comment from Logan aligns with the field notes abdervations made of Team A as well: Even
though Anne attempted to control which tasks earhgn on her team would complete, there
appeared to be a lack of consensus around thd detsign concept. Again, field observations
indicated that after Team A made the decision ¥aldithe labor across the five team members
such that three members worked on the video pro¢otyhile the other two worked separately
on interface design, everyone on this team didspend enough time attempting to mesh the
outcomes of their tasks in a systematic way.

One of the most visible results of this lack ofalnent around the team’s tasks was that the
user interface mockups were not ready in time tombleided in the video prototype presentation
on March 8. Team A showed a video that still inelddblank spots on each device where they
would later insert mockups of the different inteda they were still developing for their
“Arrived” application. In particular, they needealdevelop different versions of the same

interface to show how users would work with theiplcation on a laptop and on a mobile
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phone. Eventually, Bae was able to complete thasekaps using Adobe After Effects, and he
handed off the completed digital design artifaoté&hne so she could incorporate them into the
Apple Final Cut Pro source files from which sheateel the final video prototype.

Final video prototype and final multimedia presentdion. At the last course session on
March 13, all of the teams were required to preeit final video prototypes. They embedded
these prototypes into their final multimedia prea&ons, which described the overall vision and
scope of each team’s design concept. All six tea@ade tremendous progress with their video
prototypes in just a few days, and all of the fividleo prototypes received universal praise from
the instructor as well as the three industry desigperts who came to judge the final projects
and decide which team would win the competition.

The following two figures show still images fronetbompleted video prototype that Team

A produced.
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With options

comes freedom

Figure 50. Still image from final version of introductory video.
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Figure 51. Still image from final video prototype.
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As part of their multimedia presentation, the meralzé Team A had an introductory video
that outlined their overall design concept usingrated text and abstract visualizations. Figure
50 shows a still image from that introductory videdich was about 30 seconds long and which
set the stage for the video prototype that theyvgldonext. Figure 51 shows a still image from
the completed video prototype, which is essentitléysame image as shown earlier in Figure 47
but with the user interface mockup added overdpé&ob screen. This still image indicates the
amount of progress that Team A made with their uderface design in just a couple of weeks.
The image shows a much more polished-looking iateridesign than anything the team had
previously prepared as they created digital deargfacts.

The remainder of the multimedia presentation shospegtific screens and interaction flows
that the team had developed for their “Arrived” gagion. The following figure shows an

example of one of the interface designs that TearneAted for their presentation.
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Figure 52. Example of content from final multimediapresentation.

The team discussed how their application enablgekaific user experience related to efficient
trip planning based on calendar entries and loa#fi¢ conditions, as well as cross-device
support plus adaptable, trustworthy informationvated in real time.

Comprehensive design documentationVhen the students presented their final video
prototypes, they also had to turn in a set of cah@nsive design documentation as part of their
final product for the course. Team A created twitedent Adobe PDF files for this final

deliverable. The first was a process book; the s@page is shown in the following figure.
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Contents
o1 introduction
02 challenge
03 process
04 setting and audience
05 final design

06 conclusion

Figure 53. Page 2 of 16 from process book.

In this figure, the table of contents for the pbook is visible. Team A discussed their project
by introducing the problem space as describeddrotiginal Microsoft Design Expo brief,
defining the challenge associated with helping peetiavel more efficiently, highlighting

aspects of their design process, defining theilgdlesoncept setting and audience, and showing
details of how their “Arrived” application was imeéed to function. The process book contained

16 slides and was a succinct representation detima’s output for the entire academic quarter.
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Team A also produced a 34-page “supplemental doctanen” PDF file that described how
they developed their design concept. The second phtieir supplemental documentation is
shown below; note that Khloe created both the p®t®ok and supplemental documentation
using Adobe InDesign because she specifically veattteise a software tool that enabled her to

control the visual layout of images and text, aadduse she was familiar with that tool.

Contents

o1 research

02 concept mapping
03 scenarios and storyboards
04 wireframes and flows
05 user interface
06 final design

Figure 54. Page 2 of 34 from supplemental documertian.

The purpose of the supplemental documentation avdermonstrate how the team approached

their collaborative work. By showing examples df thfferent stages of their research, ideation,
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and prototyping work, the members of Team A att@upd satisfy a course requirement that
they make their design process visible for therucdor to assess.

Although the instructor’s intent was for all of tteams to track their progress throughout the
guarter and save copies of key design artifactgractice none of the team members did a good
job of saving important examples of their work lasytiterated their designs. When asked how
they used the photos that they took of their andexgign artifacts, Khloe explained that they
returned to those photos at the end of the quatien they needed to sift through a number of
“hazy iPhone photd¢Khloe 106) in order to compile the process baokl supplemental
documentation.

Other teams tried to track their salient desigifearts using different social artifacts. For
example, Team C created a blog for their projec¢hsy could trace and externalize the sources
of information that influenced their design proceBsam B created a Facebook group page
through which they published and discussed anatsgyd artifacts when they felt that particular
artifacts represented their design concept or reduadditional clarification between work
sessions. These examples indicate how teams useffispools to generate and update digital
social artifacts as the quarter proceeded, althewgh with those durable records of their work
every team scrambled to complete the comprehedsisign documentation deliverable as the
quarter drew to a close.

Course conclusion and selection of the winning degi. This section has traced the specific
deliverables that Team A produced as they attentptadn the design competition and proceed
to give present their “Arrived” application at tB812 Microsoft Design Expo. Unfortunately for

the members of Team A, their design concept waseletted by the panel of judges, which
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included the instructor and a few members of desgms across Microsoft. Team C was the
winning team, although at first Teams C and D waerth selected to proceed to the Design
Expo. However, it was against the rules to let teams go, and after further consultation Team
C was declared the ultimate winner.

Team C developed a system called “Apt” that chaiéehthe model of forcing smartphone
users trying to locate interesting applications erstead broadcast applications in location-
specific ways so that smartphone users could engdalyespecific applications only when those
applications were relevant to them. “Apt” aggredeadé# of the applications on a smartphone into
three categories: “permanent,” “remembered,” anteXplored.” The “unexplored” applications
would be automatically suggested to users as thpgoached a local café or bus stop, for
example; it was up to them whether they wanteateract with those applications.

The primary difference between the final video ptgpes across the six teams was the
aesthetic quality of the video prototypes thattdans produced. Although all six teams were
lauded for the strong visual quality of their videwtotypes, Team C was recognized for having
the nicest-looking prototype. The judges suggedtethg their post-viewing critique that the
high quality of the user interface elements witliea video, as well as their seamless integration
with live-action footage, made the “Apt” design cept seem real already.

All 16 students were asked how they felt aboutpitugect that was selected for the Design
Expo. Among the members of Team A, Anne thoughirttimaing design was a good choice
because it was not simply an application but aedzffit way of thinking about how to access
information across types of applications. Kylie é&ahcy were less satisfied, primarily because

they felt that the presentation Team C createdqués visually appealing but the underlying
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idea was not as good as other design conceptsogpeetby other teams. Khloe thought that the
winning project was a surprise because she exp#utdaealth system that Team B developed
would win the competition. She felt that the rickecial value of that design concept would help
it win, although in the end she considered allppdjects worthy of selection for the Design

EXxpo.

Chapter Summary
This chapter has documented the constellationad$ @nd artifacts that students used and

created, respectively, as they collaborated om ttesign projects. The students relied on a
variety of analog, digital hardware, and softwamnd anline tools to create the array of
deliverables required for the course. Along the whgy generated thousands of analog and
digital design artifacts, and they tracked theagress using various analog and digital social
artifacts. As stated earlier, digital hardware sosgrve as the interface to software and online
tools, which means that the students had to useeatesuch as laptop computers whenever they
used software tools such as Adobe lllustrator.

With regard to the task work performances describelis chapter, the students shifted
from analog to digital tools when they needed amsition their hand-drawn sketches or notes
into digital form so they could include their bedtas in their final deliverables. The next
chapter explores the decisions that students maede they shifted from analog to digital tools,
why they preferred certain tools over others, aod Issues of control factored into choices

about which tools to use.
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Chapter 5. Understanding Students’ Tool-Related Dasions

In order to understand how the students in thidysperformed metawork while
collaborating on their projects, it is necessaryriderstand the task and articulation work that
they performed as they made tool-related decisibhs.central contributions of this chapter are
to explain how students performed task and artimravork during the study, as well as how
their performance of both kinds of work and theie wf personal toolbelts informed their tool-
related decisions. These contributions are accamgdi by analyzing specific examples of how
members of Teams A and B decided to use speciis tehile creating the conceptual model
and video prototype deliverables. These teams alidedables receive focus in this chapter due
to the richness of supporting data describing hanivers of those teams worked on those
particular assignments. As a reminder, the follgatatble lists all of the student and team names.

Table 5. List of student names, academic programand team memberships.

Team | Student #1 Student #2 Student #3 Student #4 Student #5

A Anne Bae Khloe Kylie Nancy
IXD Senior Industrial IXD Master Informatics HCDE Master

Design Master Senior

B Fiona Logan Molly Nathaniel Peter
Industrial HCDE Master | HCDE Master | IxD Senior IXD Senior
Design Junior

C Abraham Holly Kimberly Norbert Ziggy
HCDE Master | Industrial IXD Senior IXD Senior Electrical

Design Senior Engineering
Senior

D Baron Delilah Isole Karla N/A
Informatics IXD Senior IXD Senior IXD Senior
Senior

E Arlene Carl Clarissa Erica Timothy
IXD senior IXD Senior VCD Senior IXD Senior Informatics

Senior

F Adele Astrid Kristal Missy N/A

IXD Senior IXD Senior Informatics IXD Senior
Senior
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This chapter first revisits the definitions of teskd articulation work as well as the concept
of the toolbelt. These topics are reintroduced@nadussed as a way to frame students’ decisions
about which tools to use while collaborating wither students. The different stages of the
students’ design processes are also reconsidemden to situate students’ tool-related
decisions in the context of their progress whilegkireg on two particular deliverables: the
conceptual model and video prototype deliverablbés. remainder of the chapter discusses the
creative processes that Teams A and B performelg wioirking on those deliverables, including
the decisions they made about which tools to udehaw those decisions affected their progress

from one design stage to the next.

Reuvisiting the Definitions of Task Work, Articulation Work, and Toolbelt
The students in this study produced numerous exesgslall four kinds of artifacts as they

performed task and articulation work within theiojects. Chapter 2 defines task work as the
completion of specific actions within an activityhere a “task” is a discrete unit of work that
must be completed for an activity to proceed asm#d. As the students worked through each
stage of the design process for each of the delbkes they were required to produce, they
completed a variety of tasks that they definedgagsl to themselves, and completed
independently and collaboratively. The artifactsytiproduced reflected their attempts to
complete the tasks they set for themselves asasdhie other members of their teams.

By contrast, the students performed articulatiomkwehen they identified and obtained the
resources they believed they needed to compleitietds& work, and when the local
circumstances associated with an activity changet that they had to adjust their strategies for
completing the tasks associated with that actifaty Gerson, 2007; Schmidt, 2011; Strauss,

1985). The students dealt with changes in circunestén a variety of ways, such as by
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redefining certain tasks so they could keep maknogress on their projects or by shifting task
responsibilities to different team members. Theetagdxample of an articulation work
performance delineates the division and redistigioubf labor within an arc of work; this chapter
will present and interpret detailed examples of flenomenon.

The students also performed articulation work wiheyy were compelled to decide on
alternative tools to complete a specific task beedhe tools they wanted to use were
unavailable or otherwise inadequate for the tdsitifacts are interfaces to students’ ideas,
tools are the interfaces to the artifacts thatesttglproduce. However, of the thousands of tools
that exist in the world, individuals can be familath only a subset of those tools. Therefore,
the concept of the toolbelt is reintroduced in tthapter as a way to characterize students’ tool-
related decisions as they performed their taskaaticulation work.

Sumner (1995) introduced the toolbelt conceptwasayto characterize professionals’
development of “different design representatioqs”1(79). Specifically, when designers
“assemble collections of off-the-shelf softwarelsoas needed to create the necessary design
representations” (p.179), they are creating totdbéls an example, she cites Microsoft Word as
a word processing tool that enables the creatigaxatfdocuments; her participants relied on
Word to create documents such as test plans. Byasinthe designers who participated in her
study used purpose-built software tools (e.g., Tepd, MacFlow) to create flowcharts so they
could communicate a variety of design concept tetainon-designers with whom they were
collaborating.

The toolbelt concept offers a way to understanddbadity of tools that designers apply to

their collaborative project work. However, inherenSumner’s definition of the toolbelt is the
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fact that designers have preferences for specdéistbased on their applied experience with
those tools. Therefore, the toolbelt concept isngeffin this dissertation dlse aggregation of all
the tools from which designers select preferredsttm perform task work within and across
activities Design students and professionals alike devetogomal toolbelts of their own as the
result of lifetimes of experience, varying levetsrdgerest in or awareness of certain tools, and a
wide variety of other factors too numerous to traeee. They also hear about new tools and
decide to try using them while working on certasks as a way to determine whether to include
those tools in their toolbelts moving forward.

Sumner also points out that certain tools are meedul than others for externalizing design
ideas depending in part on the required outputietask at hand and the desired format of the
resulting artifacts (p. 178). As designers worlotlgh their projects, they must decide how to
represent the current state of their design cosdepthemselves as well as for others on their
immediate and extended teams. Given the prolifamaif specialized tools that can be applied to
the stages of the design process, it is up toesegders themselves to decide which tools are
best suited to particular work situations.

This chapter will show how the students in thigigtmmade, and attempted to make, tool-
related decisions based on their tool-specific kedge and preferences. Their decisions were
not always final because, as the local circumston€éheir task work changed, they performed
articulation work to ensure they could completerthesigned tasks as expected. They also
performed articulation work within specific actieit when they aligned and realigned team
members and tasks such that the next set of tasitd proceed. This process (introduced in

Chapter 2) of “meshing” facilitates ongoing, suafakcollaboration (Strauss, 1985).
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The meshing process was made more challengingéasttidents because they did not
always agree on which tool was best suited to aifspéask, or which tools should be used in
parallel for the task work associated with a speai€tivity. As described in Chapter 4, the
members of Team B struggled to align team membertsd a particular tool (Adobe lllustrator)
because Logan did not own a copy of that tool anddcnot view lllustrator-formatted files
unless they were saved as Adobe PDF files instemdlolly from Team B pointed out, the team
had to realign their task work when sharing lllastr files in order to accommodate Logan’s
lack of access to lllustrator. Therefore, whiledgtmts’ toolbelts did influence their choices about
which tools to advocate or use in specific situsicand their personal preferences for particular
tools predisposed them to favor certain tools @ikers, their tool-related decisions also
required them to perform articulation work and mastors with tasks when necessary to keep
their projects on track.

The following tables enumerate the tools that thdents on Teams A and B brought to and
used for their collaborative project work duringstparticular course. Note that tools listed in
italics are the specific tools that students regmbetdding to their personal toolbelts during the

academic quarter.



Table 6. Team A students’ toolbelts for their advaned interaction design course.
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Name | Analog Tools Digital Hardware Tools Software/Online Tools
Anne Collective paper form factorsApple laptop Adobe After Effects
Personal paper notebook | Apple iPad tablet Adobe lllustrator
Sticky notes Apple iPhone smartphone | Adobe Photoshop
Whiteboard Camera lenses Adobe Premiere Pro
Camera stabilizer Apple Final Cut Pro
Camera tripod Dropbox
DSLR camera (Canon T2i) | Google Docs
External hard drive Google Groups
Keynote
Skype
Vimeo
Bae Collective paper form factorsApple iPhone Adobe After Effects
Personal paper notebook | Dell (Windows) laptop Adobe lllustrator
Sticky notes Wacom digital sketchpad | Adobe Photoshop
Whiteboard
Khloe | Collective paper form factorsApple laptop Adobe After Effects
Personal paper notebook | Apple iPhone Adobe lllustrator
Sticky notes Adobe InDesign
Whiteboard Adobe Photoshop
Adobe Premiere Pro
Google Docs
Vimeo
Kylie Personal paper notebook | Apple laptop (older model) | Adobe Illustrator
Sticky notes Mobile phone (not a Adobe Photoshop
Whiteboard smartphone)
Nancy | Personal paper notebook | Android smartphone Dropbox
Sticky notes Lenovo (Windows) laptop | Google Docs
Whiteboard Keynote

Microsoft PowerPoint
Vimeo




Table 7. Team B students’ toolbelts for their advaced interaction design course.
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Name Analog Tools Digital Hardware Tools Software/Online Tools
Fiona Collective paper form Apple laptop Adobe lllustrator
factors Apple iPhone Adobe Photoshop
Personal paper notebook | DSLR cameras (assorted) | Dropbox
Sticky notes Facebook
Whiteboard Google Docs
Microsoft Word
Skype
Logan Collective paper form Android smartphone Dropbox
factors Apple laptop Facebook
Personal paper notebook Google Docs
Sticky notes Microsoft Word
Whiteboard Skype
Molly Chalkboard Apple laptop Dropbox
Collective paper form Apple iPhone Facebook
factors GarageBand
Personal paper notebook Google Docs
Sticky notes Microsoft Word
Whiteboard Skype
Nathaniel | Collective paper form Apple laptop Adobe lllustrator
factors Apple iPad tablet Dropbox
Personal paper notebook | Apple iPhone Facebook
Sticky notes Camera lenses GarageBand
Whiteboard Camera stabilizer Google Docs
Camera tripod Skype
DSLR cameras (assorted)
Peter Chalkboard Apple laptop Adobe After Effects
Collective paper form Apple iPad tablet Adobe lllustrator
factors Apple iPhone Adobe Photoshop

Personal paper notebook

Camera lenses

Adobe Premiere Pro

Sticky notes Camera stabilizer Dropbox
Whiteboard Camera tripod Facebook
DSLR cameras (assorted) | GarageBand
Google Docs
Skype

These data are derived from a combination of sgutbe surveys in which students

described the different analog and digital tooks/thse for school-related work, the field

observations of students working with specific §pdhe students’ interview responses, the

artifacts they generated individually and collaliwely, and even the file format of certain

artifacts. Additionally, the contents of these &ablist only the tools that students specifically
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used in this course; these tables do not covetothbty of tools with which the students were
familiar, or which they used regularly outside loéit collaborative work for this course. For
example, although the members of Teams A and B krewto use Facebook, that software tool
is not listed for any of the members of Team A lseathey did not use that tool for their
collaborative project work, nor did members of ttestm advocate using Facebook together.

Finally, as the students collaborated on theirguooyvork and finished their deliverables, the
sequences of tasks and activities they completedrghy followed the design stages that the
instructor outlined for them at the start of thad@mic quarter. Those stages are as follows:

e Research

e Ideation

e Prototyping

e Presentation/Assessment
Field observations and interview comments inditlaée students consistently worked on
research and ideation tasks before working on prpitag tasks. They also engaged in iteration
throughout their design processes, which sometmempsred them to revisit the research and
ideation task work they had already performed. Iinthe kinds of tasks and the tools needed to
complete those tasks differed depending on theestathis design process in which the students
were working.

The remainder of this chapter explores the decssibat the members of Team A and B
made with regard to the tools they felt were baged to their collaborative work. This
exploration discusses artifacts that were import@athe students’ collaborative work on the

conceptual model and video prototype deliverablesrder to surface their tool-related



193
decisions, their use of personal toolbelts, and grexrformance of task and articulation work
across the stages of the design process. Theserdglies receive focus in this chapter because
the six-week spread separating the due dates ¢ theiverables exposes differences in tool-
related decisions across design stages and tedmastddents were still learning to work
together when the conceptual models were due, wbéhey had been collaborating for about

two months by the time they presented their findéwo prototypes.

Creating the Conceptual Model Presentation
The students in this study formed teams by theoérs@cond week of the academic quarter,

which was 11 weeks long in total including finaleek. Due to inclement weather (a snowstorm
that shut down the university and caused the ckatioel of course sessions), the due date for the
conceptual model presentation was pushed to JaBdaigourse session #9 of 21). The course
syllabus described this assignment as follows:

Each team presents a detailed conceptual modélenf design concept selected for design

detail and prototyping. The model captures workfi@md information requirements/flows as
insight from initial contextual research.

This deliverable was the most important team nulestthat the students had yet to create.
Although they had already produced their first teaite deliverable (the design project
description), which outlined their design direc8pproject scope, and design seeds, the students’
conceptual models required the exploration anchdifin of each team’s design concept in far
more detail.

This section describes how the members of TeamsdMBacreated their conceptual model
deliverables. As they created and iterated drdftsese deliverables, the students on these teams
made decisions about which tools to use for tlaesik tvork, decisions that were influenced in

part by their personal toolbelts as well as thencpption of which design stage they were
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working within. Further, as they produced a varigtylesign and social artifacts leading up to
their conceptual model deliverables, the studeradentool-related decisions based on the need
to perform articulation work to keep their projeotstrack. The data tell the story of these
decisions, a story set in the context of the tdtdlibat students brought to their teams.

Team A. During the fourth course session on January 122 284 of 21, Week 2 of the
academic quarter), the members of Team A starteimgpon their conceptual model
deliverable by having a discussion around a coaptables in the classroom. Each team
member talked about his or her academic backgranddechnical skills before the discussion
shifted to their design concept, which at the timas about making the process of commuting to
and from work more enjoyable. This initial discusspreceded the team’s first performance of
research-related task work together.

The team began their task work by inscribing vasiaords and sketches on the whiteboard
as they brainstormed ideas related to differenhous of transportation. Figure 55 (below)
shows Khloe (left) and Nancy (right) writing on tivhiteboard as Bae (left), Kylie (right), and

Anne (not pictured) look on.
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Figure 55. Members of Team A collaboratively creatig design artifact on a whiteboard.

The field notes for this work session show thatriigadecided to use the whiteboard without
any explicit discussion about which tool to usetfair brainstorming-related task work. Instead,
once the team members realized they needed to amitesketch ideas about their design
concept, they spontaneously shifted their workhewhiteboards at the front of the classroom.
The point of this example is to highlight the fdwat Team A did not have a conversation about
the tools they thought they should use for thik.tasstead, they simply started working with the
analog tools that were close at hand.

After working on the whiteboard for a while, Teanrax out of space to add any new

inscriptions. When that happened, Khloe and Baleg@wut their paper notebooks and continued
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sketching and writing notes in those notebooks. dther team members continued working at
the whiteboard, primarily trying to add layers ofjanization to the ideas written and drawn
there. The discussion remained centered aroundhhieboard: Khloe and Bae recorded their
thoughts in their personal notebooks from timarweet but they did not read aloud from their
notebooks. Additionally, they often kept their nmteks closed when they talked about the ideas
being added to the whiteboard, and then they wopéh them again when others were talking
and they had stopped actively participating indlsgussion.

Just as they did not discuss with teammates whigls to use for their brainstorming task,
Khloe and Bae did not state why they had deciddzktpn using paper notebooks. In her
interview, Khloe explained that she relied on hetebook as a tool for taking notes during
meetings such as the one held on January 12. Shieistd her paper notebook to sketch
drawings of ideas and scenarios related to her'sei@search and ideation tasks. Again, as the
field notes from the January 12 work session indidéhloe referenced her notebook but did not
show it to her teammates, read aloud from it, amgfer any ideas from it onto the whiteboard
around which her team was working.

The team’s next work session occurred on Januafthké&day before the next scheduled
course session) in a room that was down the hatt the classroom. Prior to this meeting, the
team had primarily used two analog tools for tieeitaborative ideation tasks: whiteboards
during their first work session, as well as largecps of paper that students independently
worked on outside of team meetings. On Januarpdéeam met in a room that had no
whiteboards, which forced the team members todimew tool to use during their work session.

The team had sticky notes and large pieces of p#pbeir disposal; however, Nancy strongly
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advocated in favor of sticky notes as the bestftmaihat session. Kylie describes how Nancy
drove this decision within the team.

Nancy was a big fan of the post-it note idea. Ye#tink Nancy was...the head of the post-it

idea just because we were getting off track atdhat point, so we were getting really

frustrated with each other ‘cause we were all sdrgjoing in different directions. And she
just said, ‘I want everyone to put your ideas dowmd we were like, ‘Oh, | don’t want to do
post-it notes. That's dumb. It wastes paper,” amelwas like, ‘No, no, no, no. We’re doing
post-it notes now.” That was sort of how that came about, and it turned out to be a really,
really useful thing. That was a lot of what helpsdscope down what we needed to do.

(Kylie 107-109)

Nancy explained in her interview that the stickyasowere a useful tool because she and the
other members of her team were forced to reducedale of their ideas so they would fit onto
the notes. Kylie alluded to this quality of the ltadnen she said that their use of sticky notes
helped her teamstope dowhtheir ideas. Field notes show that Team A straddb pare their
design ideas down and reduce focus their efforts oranageable project given the time
constraints of the academic quarter. By shiftingrttask work away from tools with large
amount of usable space to relatively small, 3-ibgtb-inch sticky notes, they literally scoped
down their ideas by writing a single idea on eastenThey laid out sticky notes on a table and
individually wrote specific ideas on different nst@and then came back together as a team to
discuss what they had written and how to groupéisalting ideas by attaching the notes to a
wall.

Nancy was the only member of Team A who includékgtnotes in her toolbelt before the
academic quarter began (refer to Table 6). As Kytimted out, Nancy initially encountered
reluctance among her teammates with regard to ssicky notes.

[It's] not that we didn’t want to [use sticky nojesthink we were a little bit frustrated with

each other at that point, and we were in the miadldoing whiteboard stuff and writing

stuff down on paper, and she sort of just wantestdp us where we were and change tracks.
It was like, ‘No.” But yeah, it worked out welltimle end. (Kylie 109-113)
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This quote effectively captures the challenge Metcy encountered when she suggested a tool
from her personal toolbelt that she preferred ®fos a specific ideation task, but that her
teammates did not include in their toolbelts. Utitaly, through Nancy’s insistence on using this
tool that day, she was able to convince her teaesitatgive sticky notes a try as they attempted
to complete their ideation task work. The teamtledir January 16 work session with a clearer
understanding of their design vision, which Kyliemtioned in her interview when she said that
the team’s use of sticky notesdrked out well in the end.

This example also describes the articulation wbdt the members of Team A had to
perform in order to get to the task work they hithped to do at their work session. The use of
sticky notes at that specific session reveals fiformance of articulation work because the
local situation had changed: Their preferred toas wnavailable, so they had to modify the
parameters of their task work around the toolsweae available. It is noteworthy that the lack
of available whiteboards sparked the discussionngntioe team members regarding which tool
they should use instead for their ideation taskkvibat day.

As a result of Nancy’s successful argument in faofarsing sticky notes, the team members
decided to write down their research-derived iddasut transportation on sticky notes. Figure
56 (below) shows a photo from that session showsthat decision to use sticky notes led to

the creation of over 30 different analog desigrfaants.
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Figure 56. Example of design artifacts that Team Areated using sticky notes.

In the photo above, every sticky note is a uniqueday design artifact. Each yellow sticky note
documented a specific idea related to personasp@mation, and each magenta sticky note
represented a category under which similar ideas placed. For example, one category
described the accommodations that transportatistesys must make for disabled users; the two
yellow sticky notes within that category saattess (if handicappédand “disabilities” Those
notes were then placed in a column (refer to Figutear left column) that represented the

team’s thinking about transit accessibility.
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This photo is interesting not just because it dbesrhow the team used sticky notes, but
because it also shows the wealth of analog anthtligiols available to the team members as
they worked with one another. In that photo, aetgrof analog tools (loose-leaf paper, paper
notebooks) and digital tools (two different laptppee visible on the table along with the sticky
notes. However, the students did not use those tuibks as they wrote ideas on sticky notes.
Instead, they occasionally referenced their papegbooks and laptops when they needed to
look up specific design ideas they had previoustprded, or when they wanted to find
information online that related to their designade

The following photo was also taken on January 0822 but an hour later than the previous
photo. In this photo, the same sticky notes anbleivut the students had moved them from the

table to the wooden partitions that separated és&gslin the room.
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Figure 57. Team A workspace and collaboratively orgnized sticky notes.

This figure demonstrates how the team physicalfjanized the sticky notes into categories after
they wrote down a number of ideas. As before, thercanalog and digital tools visible in this
photo do not appear to be in use; although theestsdhifted them around on the table, the
laptops remained closed and the mobile phone metLioff. This photo, therefore, is descriptive
of the students’ collective decision to focus tleeilaborative work around a specific analog
tool: sticky notes.

Although the conceptual model deliverable was n@t dntil January 31, each team had to

provide a single-slide presentation of their degigyect descriptions in class on January 17.
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This presentation was the first deliverable thatstudents had to create as the product of their
teamwork, and was meant to help them lay the gneonidfor their conceptual models. Given
the tight deadline for the design project desariptileliverable, Anne took on the task of
prototyping that deliverable using the analog desidifacts created during the January 12 and
January 16 work sessions. She described how thedeaided to shift from analog to digital
tools when they began prototyping their conceptuadel.

| don’t remember if we had a whiteboard becausejust what was available in the

classroom because most people took over the whitdbammediately, so | think we were

just on paper or the wall or something just puttumgstickies. And then we were trying to

draw connections, | think, on there, but it justéme a mess. So that’'s when...we moved to

the computer when we were like, ‘I think we’veigdtet’'s move to the computer now.’
(Anne 141)

This quote pinpoints the moment when Team A decidexdiop using whiteboards and sticky
notes in favor of digital tools (e.gthe computéy. Importantly, the team had not collectively
settled on which tool they wanted to use to makedisign project description deliverable; field
notes and interviews reveal that Anne made thesaecfor the team to create that deliverable
using Adobe lllustrator. That decision exemplifi&dne’s performance of articulation work: She
stated in her interview that she felt lllustrataasathe best tool to use for her prototyping task
work on this deliverable because it facilitatedtskng visual representations and connections
among concepts more effectively than other toads.tRose reasons, she decided to use
lllustrator and create a draft of the design priofesscription.

| am probably the fastest in that [tool]. I've beesing lllustrator since it first came out

when | was in high school, so I'm really quicktin[Laughs] Probably the quickest of all the

Adobe programs, and...it's one of the leading toaigfaphic designers and graphics....

It's not really great for text, but for things likbis [deliverable] where you have to draw a
lot of lines and shapes, Illustrator is the besinije 133)
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Anne described lllustrator aghe best which indicates her personal preference for thd as a
design prototyping tool. Field notes and interviemmments reveal that Khloe preferred Adobe
InDesign while working on the design project dgstion source files with Anne; these two tools
rely on similar file formats, so both Anne and Kéaloould work with source files using their
preferred tools. However, Anne took the lead omiting the deliverables for her team, so she
was ultimately the team member who exerted the mélsence over the choice of tools. Khloe
indicated in her interview that as she passed ligdesource files back to Anne for her to revise,
Anne would then make those files available agaitlastrator files, indicating her strong
preference for that particular software tool.

After Team A presented their first deliverable (thessign project description) on January 17,
they continued to use those same source filesegsnbrked on conceptual model deliverable. In
this way, Anne’s earlier decision to use lllustratopacted how her teammates could contribute
to the conceptual model deliverable once the pyptog effort began. Specifically, Anne did not
share the source files with everyone on the tedra:daly shared them with Khloe and Bae.
Kylie said that Anne was the one who did all of Wk to modify the digital design artifacts
leading to the final deliverable.

Like | said, it was Anne, and she saw it the wayestpected it to be, and so we let her sort of

just go with it. And when she presented it to fusei were happy with it, we were just like,

‘Okay. Looks good.’ It had all the content that evecussed, and it had everything that we

expected it to have, and it looked nice, and séeftét. I'm sure Anne went through a million
different revision processes but only showed ugintia¢ one. (Kylie 091)

As Kylie points out in this quote, Anne did not shthe rest of the team more than a couple
revisions of the conceptual model presentationiebdy she showed the team only a draft during

a team discussion, as well as the completed PD€& sime felt it was finalized. This situation
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foreshadows students’ performance of metawork heu énlistment of tools as allies, which
will be explored in detail in the next chapter.

Team B.As with Team A, the members of Team B kicked béit design process during
the January 12, 2012, course session. The follopirego from that session shows Team B

meeting for the first time and discussing possi@sign concepts they could explore together.

Figure 58. Members of Team B conduct their first clhaborative discussion.

In this photo, all of the members of Team B areseng: Peter (left) is taking notes in his
personal notebook, Fiona and Molly (top and bottmapectively) are both listening to Logan
(right) as he speaks, while Nathaniel (right, dutr@me) also listens to the discussion.

Figure 58 shows a number of analog and digitaktaall of which the students set on tables
or in their laps as they talked with one anothegdn and Nathaniel both have their laptops

open, but they are not actively using those tdoktead, they are engaged with the conversation.
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However, for much of this work session the team imensisat around the cluster of tables
pictured in Figure 58 and wrote down their designoept ideas on the large piece of paper
visible in the same figure. All of the team memberste or sketched their initial design topic
ideas on that piece of paper; those ideas servetedecus for their work session that day. The
final version of that analog design artifact iswhadn Figure 59 (below) in order to illustrate the

progress that the team made during their firstatalfative work session.

Figure 59. Team B analog design artifact that resteéd from January 12 work session.
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The analog design artifact in Figure 59 was thatpoi departure for the members of Team
B with regard to developing their first team-widgiderable (the design project description).
Molly described how the team members decided tlalcotate around analog tools after their
first work session together, and as they settled process for creating their first deliverable
together.

We...said, ‘Hey. Maybe we can each independentlgiskeme [conceptual] models. And

let's bring them together and we’ll see what wedjand each person can present their

model to our little group here on paper and wedl fgom there.” So that was how it started
and we brought paper sketches and went over thdlly 193)

This quote indicates the lack of a clear bounda&tyben research and ideation tasks as the team
members tried independently to develop conceptwalahnideas. Using the sketch shown above
as a starting point, the members of Team B injtiadbrked independently on their own ideas
related to people’s health information, and thexythrought those sketches to their next work
session for discussion.
Molly continued her description of how the teamateel their conceptual model deliverable.
From there we went to the whiteboarding sessiomssametimes we actually sketched on
people’s sketches that they had brought in or poky notes on them saying, ‘Okay. | see

what you’re saying. | see where your model is goirsge it like this. | would put an arrow
off this way because we have to include this gi¢ellly 194-195)

Here, Molly provided additional detail about thealng design artifacts that the members of
Team B created for this deliverable, as well asetttent of their collaboration with and around a
few different analog tools: whiteboards, stickyegtand multiple paper form factors. They
chose to use these tools as they worked throughrésearch and ideation tasks because they
felt that these analog tools most effectively emagad rapid iteration of ideas without team

members clinging to specific ideas too tightly.
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Molly clarified this point later in her interviewlven she explained why the members of
Team B decided to use analog rather than digitds timr their research and ideation tasks.
The cool thing about paper and whiteboarding ig §@u can get crazy with your idea
because it’s fast to render and you can erasedtyou can crumple it up and you can tear
off a new sheet. So when you're really in the estdges of your [design] process, paper and

whiteboarding make sense. So we started out witteldard and paper because then we
didn’t ever become too precious about our initdgas. (Molly 217-219)

Molly explains here that analog tools such as papdrwhiteboards better support collaborative
performance of research- and ideation-relateduamsk precisely because those performances
result in low-fidelity design artifacts. She ushke word ‘precious to characterize students’
feelings of attachment to the digital design actsahey create, and how hard they can be to
critigue because they look far more polished thaday design artifacts. It is exactly that
additional layer of polish that makes digital desagtifacts appropriate for the final (presenting)
stage of the design process, but not for thetiivetstages (research and ideation).

Further, Molly claims that the unique qualitiesamfalog tools encourage collaborative
discussion around tHeanctionof the ideas being presented, rather than bestgadied by the
high-fidelity form of those ideas.

If we had all said, ‘Let’s come to class tomorrdwt’s all independently start working on a

draft model. We'll all come to class tomorrow aimduse with each other.’ If Nathaniel ended

up [digitally] rendering that one, instead of corgiwith a paper sketch, and said, ‘This is
my idea,” we would all be like, ‘Ooooh. That's beful. | don’t want to actually critique it.’

| mean, we can critique it, but it just doesn’t earage critique or discussion...in the same

way that a medium that’s obviously a draft doegjéss. So that's why | think we chose those
[analog tools] for the initial stages. (Molly 2122)

Later in her interview, Molly lent additional comteo this quote by describing how it was hard
to critique digital design artifacts (as opposednalog design artifacts) because digital design
artifacts look far more polished than analog desigifiacts. As a result, digital design artifacts

invited different kinds of comments during critiguinat focused less on the content of the ideas
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and more on how those ideas were presented. Meflgribed the perils of this false sense of
completeness regarding the team’s design ideaspasssed digitally.

Once we get something we’re happy with, theniite to commit to it and render it and make it
beautiful. So sometimes we’d start out making aa igeautiful and then finally realize, ‘Oh. We
have to go back to the drawing board. It’s stihalf-baked idea.” (Molly 245)

According to Molly, the alternative to analog toelas software and online tools such as
Adobe lllustrator, which certain members of thentda.g., Nathaniel) knew how to use and
could have worked with while performing researct ateation tasks. She claimed that if
Nathaniel had produced a digital design artifactgia tool such as lllustrator, his idea would
have been privileged above analog design artifatsarily because the team would have been
distracted by the relatively polished form in whioh presented that idea. Instead, software and
online tools were suited to the prototyping stafjihe design process; again, according to
Molly, once the essential design idea was settles time to shift from ideation to prototyping
tasks. That shift also signaled a shift from anatmis to software and online tools in order to
progress fromraw idea$ on paper to areally beautiful (Molly 243) digital design artifact.

After the January 12 work session, Molly and hamntmates worked independently on
paper-based sketches of design ideas, which tloegbt to their next work session on January
15. At that session, the team iterated their desoytept using paper and whiteboard sketches to
come to a common understanding of their designeqarend goals. Eventually, the team
decided to shift from these research and ideatiskstand prototype the specific design concept
they wanted to pursue. They gave the final skdiely treated to Nathaniel so he could convert
that sketch into a digital design artifact. Mollypéained this process in more detail.

We met on Sunday and our presentation was on Tuesdas a group we were like, ‘Okay,

cool. We're all pretty happy with this. What's ey@ne’s schedule like over the next two
days?’ Four out of five of us were like, ‘I haveagme.” And Nathaniel was like, ‘Okay.
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Well, | can take the sketch. | have time. | came tdle sketch and mock it up in Illustrator. I'll
put a PDF in Dropbox so you can all look at it. &ime some feedback by Monday night and

then, based on your guys’ feedback, | can revi$edsday morning and we can get together
on it right before class to make sure we’re all pgpvith it.” (Molly 197-203)

This quote characterizes the shift to the prototg@tage of the design process in the context
of Nathaniel's explanation of the tools he woulé as he engaged in prototyping tasks.
Nathaniel volunteered to take the analog desigfaerthey created collaboratively and convert
it into an lllustrator file, from which he producediraft PDF file for team-wide feedback, as
well as the final PDF.

The flow of tasks that Nathaniel undertook as eatad a digital design artifact for his team
clearly illustrates how Team B went about the taskk associated with the activity of
developing the conceptual model deliverable. Asmileenbers of the team worked through the
different stages of the design process while angahat deliverable, they also performed
articulation work to use the tools at hand, stayug®d on their deadlines, and ensure that team
members worked with the tools that best fit thkils

For example, Team B created the design artifaEtgare 59 on paper because there were no
whiteboards available that day. As with Team A, rtlembers of Team B did not have a
conversation about the tools they thought they khase for this task. Instead, after they looked
around and noticed that the whiteboards were atigogsed, they obtained a large piece of paper
from an easel pad and began working with the an@oigghat was closest at hand. This is a
classic example of articulation work as Straus8%)@efined the phrase because the members
of Team B responded to local circumstances, matithe structure of the task at hand, and

completed that task in order to ensure the suagesshtinuation of the rest of that activity.
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Similarly, the team had set up a Facebook groupe paglanuary 10 as a repository and
discussion board for their digital design artifaatsl design ideas. The team relied on that group
page as a repository for digital copies of analegigh artifacts, as a site where they were able to
hold private discussions about those artifacts,aand communication channel through which
team members provided instructions related todBk work associated with the activity at hand.
During the evening of January 30 Nathaniel addexlgusts to his team’s Facebook page that
were related to their collaborative work on the@ptual model deliverable. In the first post
(5:50 PM, January 31), he added the photos thaddieof the paper-based design artifact that
resulted from the January 15 work session. Theqagrpf that first post was to enable all of the
members of Team B to see and reflect on the task they had completed so far during the
research and ideation stages of their design psdoeshat activity.

The second Facebook post (5:54 PM, January 31aic@u the following text:

/Users/Nathaniel/Desktop/Conceptual Model.pdf

Emailed this out as well. Will put slides 1 and8dther based on Molly’s rough notes &
will send the drafts out when finished. Let's tafhe tomorrow am.

This second post served multiple purposes, alllo€lwdescribe Nathaniel’s interest in
performing articulation work to keep the entirentealigned around the proper order of
operations to be followed as they completed thie wawk associated with that deliverable. First,
Nathaniel pointed his teammates to the specifipboa folder location where they could find
the PDF file of that deliverable, which was togto share through Facebook. He then noted
that he also emailed everyone the same PDF fidleradundant communication method,
suggesting that everyone should have access foels® they could provide feedback. He

continued by updating everyone on his progress tughdeliverable, and cited teammate
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Molly’s notes as another source of input on whieharas relying. Finally, Nathaniel promised to
send out an updated draft of the conceptual mceleledtable once he had it ready, and he
wanted to get everyone together for a collaboratiseussion the morning of January'31
Neither of these Facebook group posts had any caontsnfrem other team members.

This detailed description of how Nathaniel use@gety of tools to complete his tasks and
make the resulting artifacts available for teamenaditique raises deeper questions about how
he decided to use those tools. When asked abouthelyydecided to use particular tools, Molly
explained some of the thought processes that dhmse decisions.

| think there are a bunch of other programs out¢hiiat kind of do similar things, but

Dropbox is really easy to use, extremely easyjuss so convenient and we didn’t really
consider using anything else. It's just like, ‘QMell, Dropbox, obviously.” (Molly 051)

This quote from Molly regarding the choice of Droplas a file sharing tool is interesting
because she was the only team member who had esbDuspbox prior to her collaboration

with the other members of Team B. Even though $&th@ak include this tool in her personal
toolbox at the start of the quarter, she concuwitd her teammates that Dropbox was the best
way to share files that were too large to shard~aieebook because it was the easiest tool to use
for that purpose. By the end of the quarter, Moilgluded this tool in her own personal toolbelt
because of her experience with this design project.

Similarly, Peter explained that the team decidedst® Facebook to enable asynchronous
communication and information sharing because icem@mbers of the team lacked knowledge
of other, competing tools.

It made sense for us to have [Facebook] as ourlbechuse even though [Nathaniel] was

slow as hell, he knew what he was doing. You kné&@ be like, ‘Okay. When | go over

here, now the photo is there.” You know? It's hikeeknew how to use it. And so that was

probably one of the main reasons we ended up Wacgbook. We all knew how to use it,
and we were all on it all the time. And it was jasdimple, easy way of sharing pictures. And
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that’s all we really needed to do. If we shareddjlwe either used Dropbox or email.
But...again, they have all their own problems. (P2@5-301)

Beyond situating Facebook as easy to use and popitfahis teammates, Peter also explained
how the team decided to use that tool as well aplBox for specific collaborative tasks.
Specifically, he regarded Facebook as a tool farisg photos of his team’s research and
ideation tasks, whereas he noted that Dropbox wa©btwo tools used to share the larger
digital design artifact files on which the team niers worked.

However, these quotes from Molly and Peter alsacatd how teammates who had decided
to use patrticular tools for specific purposes diiflered with regard to why they thought they
made those decisions. For example, Peter desdrdeebook as a tool for sharing photos of
artifacts, but Molly explicitly described the samoel as more than just a way to share photos.

[We] also had a Facebook page for our group thatused and we posted all kinds of things
there, not just images. (Molly 049)

Just as Molly differed from Peter with regard t@ perception of the team’s use of Facebook,
she also differed in her characterization of Drophs the only tool they used to share files.
Finally, she did not cite email as a tool usedangfer files among team members, even though
field notes and other artifacts reveal that thentelad use email extensively for that purpose.
These differences are important to point out bez#usy indicate how the members of Team
B approached the performance of articulation wardifferent ways. All five members wanted
the team as a whole to succeed; at the same tweyehtad different opinions about how to
structure the task work and how to mesh actorsaatidns in order to achieve success. They also
had to mesh actors with other actors, a challengiogess given that “actors” are more than just
human members of a team. As established in Chapten-human actors can also participate in

the actions that comprise social life. The membéBeam B decided to use specific tools in
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order to structure their collaborative effort. mdoing, they also performed articulation work as
they chose tools that were either included in fithe team members’ personal toolbelts (e.g.,
Facebook), or that were straightforward to learth atid to a toolbelt (e.g., Dropbox). Stated
differently, the team members were motivated tecaion-human actors (tools) that were easily
meshed with the human actors because they wantexkfotheir focus on performing task work

rather than continuously performing articulationrkvaround the use of tools.

Creating the Video Prototype
The final deliverable of the course was a videdgiype, which each team was required to

present at the final course session on March 1B 28long with a presentation describing and
contextualizing the design vision in more detati tide final course session, the instructor and a
few judges from Microsoft viewed the final videcoprtypes and corresponding presentations,
and then decided which team would present at tleeddoft Design Expo that summer.

This section describes examples of the task wodkaaticulation work that the members of
Teams A and B performed as they collaborated tdyme their video prototypes. Each team is
discussed in turn before the chapter closes watlmamary of how the students on these teams
decided which tools to use in support of theiraodirative project work on the conceptual model
and video prototype deliverables.

Team A. The members of Team A developed a video prototiyaeillustrated their design
concept by telling the story of a young man who tvaging an engagement ring so he could
propose to his girlfriend. The video includes oy main characters (the man and the woman)
and no dialogue: The entire story is told througlages and has a straightforward plot. In the
video, the man picks up the ring at a store, restinome to prepare a cup of ramen noodles,

meets up with his girlfriend on a ferry, and susps her with the engagement ring hidden in the



214
cup of noodles. Along the way, he struggles witffic flow problems, so he relies on the
mobile phone application that Team A designed depto select different forms of
transportation and get to his destination on time.

By the last two weeks of the quarter, the membefieeam A were spending all of their
time trying to complete specific prototyping tas&sch as recording video footage based on their
script and scene list and then generating new eflitsat footage on an almost daily basis. As
with the conceptual model deliverable, Anne leddffert to create the video prototype for Team
A. She enlisted Khloe and her fiancé as the tworadbr their video because their availability
was ensured.

The team’s work session on February 28 exemplifiesontext for Anne’s tool-related
decisions. At that work session, the field noteBdate that all five members of the team met in
the classroom to watch the rough cut of their videmiotype on Anne’s laptop and provide
verbal feedback. Anne played the video within Apgileal Cut Pro, which was the software tool
she used to edit the footage that the team recoidedlfollowing photo (taken on February 28,
2012) shows how Team A gathered around Anne’s pafatavatch an early version of their
video prototype and provide spoken feedback to Aegarding the content, editing, and

cinematography of the video.
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Figure 60. Team A collaboratively viewing and discssing their video prototype draft.

In this photo, Anne is seated at her laptop, winigans she controlled what the rest of the team
can see. Nancy (far left), Khloe (left), Bae (midland Kylie (right) all look on as Anne plays
the draft of the video prototype that she has ctedgdrom the footage they had recorded to that
point.

The tools that Team A used for their video prototgask work did not allow more than
one person to work with the file at any given tirAane’s selection of tools for the video
prototype deliverable did not reflect a concertidreto limit the participation of other team
members. Instead, software tools such as Adobe Effects, Adobe lllustrator, and Apple

Final Cut Pro do not facilitate the type of synatoos, collaborative work that other software
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tools (e.g., Google Docs, Dropbox) are designesuifiport. Although the team collaborated
around the creation of storyboards and the vidaptstheir work became increasingly
cloistered and less collaborative as the end ohtlaelemic quarter drew nearer.

The task work was structured in this way partlyshese of the articulation work Anne was
doing to align actors and tasks. She decided igasimplest way to get the project completed
successfully was to avoid assigning any tasks todither teammates: Kylie and Nancy. They
participated in almost none of the video recordiegsions; given the time pressures of the
academic quarter, Anne, Khloe, and Bae made nmptt® schedule those sessions so that
Kylie and Nancy could help out.

For example, Anne described how the decision tospeeific tools for video production and
editing tasks was made within her team.

No one really knew [which tools to use], and thest yvent to me. They were like, ‘What

should we use? What should we do?’ And a lot oplgemere sending me blog posts or just

Web resources asking what we should use, and ¢dlfstook the standpoint of...like, ‘Well,

this is what I’'m familiar with, and this is whatan use. If you think something’s better, go

for it.” But it was basically just what | had domethe past and what | had known. (Anne
051)

In this quote Anne characterizes the decision especific tools to create their video prototype
as a choice that she made for her team. Althoughvigaked on video editing and production
tasks as well, the observation notes from thisystadicate that he acquiesced to Anne’s choice
of tools and task work assignment decisions. Spadlf, when Bae wondered aloud what he
was supposed to be working on, Anne told him togete a specific task: creating mockups of
the mobile phone interface that the team was degigfield notes show that Bae accepted that

action item and, instead of protesting, left themao get a snack. Ultimately, he used Adobe
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After Effects to make the mockups, which Anne iteginto the video footage to make it look
as though the actors were actually interacting witkal mobile phone application.

This quote also describes Anne’s performance afdation work because she decided at
that meeting, based in part on the skill setsehah team member possessed, to avoid assigning
tasks to Kylie and Nancy that they might have gjteg to complete. In their interviews, Kylie
and Nancy discussed how they felt about those idesisKylie expressed frustration that she did
not get the chance to learn more about video pteztuand editing.

Anne was doing the videos mostly. Bae was doingftlee Effects [work], and | was sort of

hoping to sort of creep on them as they were dtiieg to see if | could pick anything up. It

didn’t work out just because of time constraintsey really needed to just sort of sit there

and get it done. Those would be useful things tarknow how to do, but | guess there are
other ways to learn about that. (Kylie 015)

Although Kylie seemed annoyed that she did notlgetthance to learn new tools or new
techniques related to video production, she stidt@idher own lack of effort to engage Anne and
Bae as they were working contributed to her lacleafning opportunities. She also seemed as
willing as Bae to accept the way that Anne set abtructuring the tasks and assigning those
tasks to different actors.

Similarly, Nancy explained that she was not entiglre which tool Anne used to edit their
video prototype because she did not participatbertask work associated with that deliverable.

| wasn't involved with that [task work] becausevds at that point where things needed to

get done fast, and if you didn't know what you vagri@g you were going to be more of a
hindrance than a help. (Nancy 191)

Clearly, then, Kylie and Nancy both understood thetause they were not as knowledgeable
about video production and editing tasks as tlegimmates, and because their final deliverable
was due in a couple of weeks, Anne and Bae simgdgled to Sit there and get it dorieNancy

explicitly acknowledged this need to perform ar@étion work by assigning tasks to the team
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members who had the most knowledge about the teqlsgred for those tasks, which would
help the team avoid getting bogged down so closkea®@nd of the arc of work.

When it's crunch time, you just give the task toavier can get it done the best and the most
quickly. (Nancy 197)

Finally, Anne’s decision to assign tasks only teskdé and Bae (with Khloe acting in a
supporting role) had implications for the toolsttthee team decided to use for their video
production and editing tasks. By removing the c@st of involving less-knowledgeable team
members in that task work, they could simply usettiols they preferred and already knew how
to use. Again, Anne performed articulation worlatign actors with tasks, but she also worked
to align (human) actors with other (non-human) ecém that the project itself would stay on
track.

Team B.The members of Team B decided to produce a unimie® prototype that had a
richer plot structure and story than that of TeanTle characterization was more detailed in the
Team B video because their design concept centeoeshd personal health decisions and how
to make better lifestyle choices. This concept asitated a lot of backstory in a documentary
style about the main character, played by team neeviolly.

In the video, Molly receives ambient informatioroabher health status throughout her day.
At the midway point of the video, Molly reveals tishe is dealing with a life-threatening heart
problem that also runs in her family, and that regguher to pay close attention to the decisions
she makes about her diet, exercise regimen, anctatieds. The plot culminates with a doctor
visit that occurs remotely using two-way video aehcing technology, and that also features
an interview with the doctor about the benefitshaf ambient health design concept. The video

mixes naturalistic interview footage with actiorofage designed to make it look as though
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Molly was seamlessly encountering the team’s desogitept in various aspects of her life:
driving to her dance studio, brushing her teetiplaying with her sister’s children.

Just as Team A primarily worked on prototyping tagkiile creating their video prototype
deliverable, Team B also shifted from researchidadtion tasks into a variety of prototyping
tasks as they worked on their video prototype. Matd Nathaniel initiated the prototyping
tasks by taking sketches made earlier in the quang arranging them on a wall to create a draft
of their storyboard, all before they began writthg script for the video. Once they had arranged
those sketches, they asked Fiona to help themecagatipdated set of storyboard sketches so
they could film a quick proof-of-concept video befdhey dove into production of their actual
video prototype. The proof- of-concept video cotexlof one team member holding the stack of
sketches that Fiona had made and flipping throbgmtin order. Molly, Nathanial, and Fiona
showed this video to Peter and Logan, as well asnistructor, in order to gather feedback about
their progress before they began recording videtafye of actual people acting out the scenes.

Again, this example reflects the fuzzy boundarydeen ideation and prototyping as discrete
stages of a codified design process. Team B crelageproof-of-concept video while engaging
in ideation task work: The team members used artalulg to create analog design artifacts (a
stack of paper sketches), which they then conventeda digital design artifact (the proof-of-
concept video). Along with the instructor, theytiqued the ideas represented in that video,
modified their design concept, and moved on taniaed task: writing the video script.

Molly and Nathaniel decided to use Google Docshsy tould work together on writing the
video script. Fiona assisted Molly and Nathanighwie script writing task; however, rather

than limiting their work to a single shared documémey created and worked with multiple
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scripts saved as different Google Docs files. Lolgalped write the script and described that
collaborative process as challenging because thierts of the script were distributed across
multiple shared documents.

We had our movie script [in Google Docs], but wel llaree different...movie scripts. Some
of the script documents had presentation notes.dnwas getting kind of wild. (Logan 165)

This quote is interesting because the team begag aspecific tool but they did not align their
understandings of how best to use that tool in supyf their work. As a result, they used the
same tool to generate three different source fdethe same task, which caused them grief and
led them to reconsider their decision to use Gobgles as they wrote their video script.
Ultimately, the team members felt compelled to @enf articulation work as they struggled
to complete their task work. Specifically, they idied to stop using Google Docs and switch to a
combination of Microsoft Word and email when wrgithe final video prototype script. Logan
explained that decision during his interview.
The one problem with Google Docs is that...there’anchive - like there’s no history of
previous stuff. And | remember Nathaniel was logkor something frantically, for

something in the script, but we had taken thatfimrh the script and it was lost forever.
(Logan 170)

The members of Team B found it frustrating to lesek they had created together, but they also
wanted to see who had edited each part of thetsmmgpwhat had been changed. Based on their
knowledge of Google Docs, they were unable to refer revision history of the work that they
had already completed. Additionally, they were irefyon Google Docs as the communication
channel where they discussed their ideas throughetrisions and comments they inserted
directly into the source file. They eventually deshone script using Microsoft Word so they
could track their changes, identify who had madihedange, and insert comments to one

another regarding the changes. They shared thpt s&@ email, and again they relied on
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Microsoft Word (rather than face-to-face converwad) as the site for their discussions about the
script contents and their plans for who would workthe script from day to day.

As they worked on their video prototype deliveraliee members of Team B discussed the
different levels of expertise they each broughhwvariety of tasks required. The team members
who had the most expertise with regard to videapetion and editing also had the most
credibility when it came time to decide which totssuse. For example, because Peter worked
for Adobe on the Premiere Pro team, he was theamaktideo recording and editing. The
following image (taken on March 6, 2012) showsraythle example of articulation work that
Peter performed as he explained to his teammategdstructure the task work associated with

recording video footage.

Figure 61. Example of Team B analog social artifaatritten on whiteboard.
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This analog social artifact lists Peter’s “rulest fecording footage. He wrote these rules for
everyone to read so that he could explain to laisiteates how he expected them to perform the
tasks if he was unavailable to help out. Field adtem March 6 reveal that the other team
members appreciated Peter’s guidance, as they asgkei outline for them how he would go
about recording video footage himself.

Finally, because Peter was the video expert giveprofessional background and personal
interest in cinematography, he was also the teambrewho performed articulation work when
it came time to make decisions about which spetifits to use for recording video. He insisted
on using specific digital hardware tools (e.g., @aii2i and 5D DSLR cameras) because of the
superior quality video recordings they produced.ald® wanted to have two DSLR cameras
recording each scene, which meant that each rexpsgission required at least three team
members to be present since Molly was servingasetid actor and could not help as much with
the recording process. Nathaniel typically assistetér with the filming; comparatively
speaking, Fiona and Logan contributed far les®@f time to the recording process because
they acknowledged that they were better at otrelstand activities, such as sketching (Fiona)
and script writing (Logan). Again, all of these bans describe how Peter attempted to
structure the task work associated with creatiegvileo prototype, and how all of the actors

aligned themselves around the different tasksdemoto set the project up for success.

Chapter Summary
This chapter contributes an understanding of hamtesits performed task and articulation

work during the study, as well as how they decieth tools to use for a specific collaborative

activity. This contribution is accomplished by ayzahg explores four examples of how the
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students in this study referenced their toolbeait$ decided which tools to use as they performed
task and articulation work across design stageisedf collaborative design projects.

Based on the variety of data gathered for thisystudl discussed in this chapter, these
students decided to complete their research aradiahetasks primarily by using analog tools,
whereas they decided to complete their prototypasgs primarily by using digital tools. As
described in this chapter, the members of TeamsdABaorganized their collaborative research
and ideation task work performances around whitelsygaper, and sticky notes. For example,
Nancy from Team A successfully advocated in favfarsing sticky notes for her team’s
ideation-related task work when it became clear\hateboards would not be regularly
available for those tasks. In so doing, she was tbtonvince all of her teammates to
incorporate sticky notes into their own toolbetis future use on other design projects.

The members of Team B also decided to use anatig s they worked on their research
and ideation tasks. They provided clear reasonsthday preferred analog tools over digital tools
when they engaged in tasks during those stagé®eafdsign process. Specifically, they valued
the temporary nature of the ideas that they wepdoeixg as they performed collaborative
research and ideation tasks around a whiteboaghr.&rom Team B also noted that he would
reference his personal notebook as he worked athiteboard in order to add his own notes to
the broader discussion about the team'’s ideas.

When these teams shifted to prototyping their deslgas, they also shifted to digital tools
and away from analog tools. Fiona from Team B deedrthis parallel shift from one stage of
the design process to another and from one typeots to another.

| never really abandoned [one tool] for anothengtead] we transitioned to the next
[design] phase, so when doing the user interfaoa,gan draw boxes on the whiteboard as
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many times as you want, so you're actually makorgething, so then you move on to the
computer. When Peter and | worked together for and! would just draw on a board for a

while, and then we were like, ‘Okay, we both hénesame idea by now. Let’s go move on to
the computer and actually build things.’ (Fiona 1¥13)

This quote suggests that students’ tool-relatedsotets were partly predicated on their
alignment around their design ideas as they wodketheir deliverables. Fiona noted that she
and Peter had to agree on their vision for thear igterface design before they could stop
ideating and start prototyping.

Further, their prototyping task work was to takagel on the computérwhere they would
“actually build thingg' rather than using whiteboards or some otherantdol. Anne and Khloe
from Team A also indicated that they completedrtpestotyping tasks using their laptop
computers because that was how they made thes ideee toncretg” to borrow a term that
Khloe used in her interview. Khloe also describagital design artifacts as looking more
“polished than analog design artifacts, which she contchatequick and dirty representations
of design ideas that were clearly made to invitegere and iteration. She cited the final stage of
the design process (presenting) as the time wherxgbected to show the final version of her
digital design artifact to the instructor for assaent, as well as the time when she expected to
“make [her] thought process expliciegarding her design concept.

This latter point is important because, althouglolélwas mindful of the different design
stages suggested by the instructor, the field rfotethis study reflect a complete lack of
students’ explicit discussions about the desiggestavithin which they were operating at any
given time. In their interviews the students cotesily spoke about the tool-related decisions
they made as they described their processes fatimgethe conceptual model and video

prototype deliverables, but they referred far l&fésn to the particulastagesof those processes.
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Throughout the quarter as well, audio recordingsak sessions reveal no debates about
whether team members should be engaging in idet#gks or prototyping tasks.

Importantly, the shift from ideation to prototypimgs not always obvious. The description
of how Team B created their video prototype indésahe fact that the students in this study did
notalwayscomplete their research and ideation tasks usihgasalog tools. However, in the
context of Team B’s proof-of-concept video, threarh members worked very closely to
produce sketches and flip through them while filgifhe team collaborated around anadog
digital tools while completing ideation tasks imay that was simply not possible once they
began using software and online tools for videdirgliand other prototyping tasks.

However, as the students used different tools toptete their task work, they also dealt with
a great deal of frustration because of those t&ume of the examples of frustration are basic
and easily solved, as when Team B gathered arosiyke, large piece of paper to write their
design ideas down. At the end of that task, thalized that they had all written in different
directions, which made the resulting analog deaigifact extremely difficult to read.

Other examples are not so easily resolved by swgdools because of the functionality
tradeoffs that occur when shifting from one tooatwther. Team B used a single tool (Google
Docs) to work on the script for their video profegy but they somehow wound up creating three
different versions of the same script. Each ofttintee team members who was working on that
script started a new version of the document; id@ag, they unintentionally branched off from
the main document and created multiple copiesesthmipt. Eventually, once they realized that
they had no “main” document anymore but were leftead with fragments of their script across

three different files, they decided to switch fr@oogle Docs to Microsoft Word because of the
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limitations that Word imposed on their collaboratiask work. Whereas they could all work
simultaneously within the same Google Docs fileytlvere forced to take turns independently
editing the Microsoft Word file before sending file via email to the next team member whose
turn it was to modify the content.

Finally, this chapter has intentionally framed smit$’ collaborative work in terms of their
performance of task and articulation work. The migbn of articulation work applied here offers
a relatively limited way of characterizing how tsteidents collaborated with each other,
however, partly because this definition only coesstadjustments made within, and not across,
activities. To truly understand students’ collaltim@awork practice, it is necessary to consider
how students performed metawork during their depigfects.

In his 2007 article, Gerson uses the phrase “ise@aeach” (p. 194) to explain a variety of
phenomena related to the ways in which people aplisimcollaborative work. One of his
essential points is that, as task work becomesénraensively computer-supported” and
“markedly more complex” (p. 195), researchers neede powerful ways to document the
complexities of articulation work that occur asaastcollaborate with one another. One of his
suggestions is to draw a distinction between ladatulation work and metawork. This chapter
has described multiple examples of “local” arti¢ida work performances by examining
students’ tool-related decisions in the context@k they structured and adjusted their task work
on specific activities (e.g., the tasks completadiie conceptual model deliverable).

By contrast, students’ metawork performances imffacstructure and outcomenatiltiple
activities within an arc of work, not just the lbc&rcumstances of a task within a specific

activity. The next chapter explores four examplesetawork performances; each example
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traces how seemingly simple tool-related decisrgm@ed across the entire arc of work for the
students’ projects. The resulting discussion endaittite current understanding of metawork at a
conceptual level by describing how specific metdwmerformances played out among the

students in this study as they collaborated omr thesign projects.
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Chapter 6. Tracing Students’ Metawork Performances

This chapter extends the discussion from Chapédrdiit tool-related decisions and students
performance of work by describing how studentsqgrerfmetawork on collaborative design
projects. The specific contribution of this chapgeto characterize how and why students
performed metawork when they made tool-relatedsitets that impacted multiple activities
within their projects. However, while the conceptsask work and articulation work are well
studied and clearly understood, the concept of wataremains undertheorized.

Therefore, this chapter begins with a deeper inyaison of the differences among task
work, articulation work, and metawork as the fouratafor understanding how students
perform different types of work as they collaboratedesign projects. Next, a review of the
definitions of inscription and conscription devidgepresented, along with a discussion about
how actors use conscription devices to enlistallidat discussion explains how actors’ use of
conscription devices are useful as a way to traee performance of metawork across activities
within an arc of work. Specifically, actors who aalaborating on a design project perform
metawork when they negotiate which design artifaetst represent their overall design concept,
as well as which tools they should use to modibsthartifacts.

After the initial discussion of relevant concepltss chapter presents four metawork
performance examples described in the contextuolestts’ use of conscription devices as well
as their use of tools as allies and their usetdhats to enlist allies. The chapter concludes by
describing how metawork differed in practice fraask and articulation work, as well as how the
students attempted to simplify the metawork assediwith their projects. Whereas Chapter 4

addressed the first research sub-question by dadiimgehe constellation of tools and artifacts
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that university students use and create to supipeirt collaborative work, the analysis presented
in this chapter as well as the prior chapter ad®¢he other research sub-questions:

e How do they decide which tools to use to suppaeirtbollaborative work?
e How does their performance of different types ofkvarganize, facilitate, and constrain
their collaborative project work?
Specifically, Chapter 5 addresses these questioti®icontext of students’ task and articulation
work performance as they accomplished specificviiets within their projects. The present
chapter builds on that analysis by considering bawdents perform metawork as they use tools

and artifacts to negotiate how to align and stmectaultiple activities across their projects.

Distinguishing among Task Work, Articulation Work, and Metawork
Chapter 5 specifies the differences between task amd articulation work. In summary, the

students in this study performed task work whery taried out the wide assortment of jobs
required to complete each activity. They perforragdatulation work when they identified and
obtained the resources they believed they needeahtplete their task work, and when the local
circumstances associated with an activity changet that they had to adjust their strategies for
completing the tasks associated with that actiwiy.matter how clearly and specifically the
members of a team define a task and the resourgeged to complete it, local circumstances
inevitably change. When that happens, the team raemwbust realign resources or redefine the
tasks as needed. As a reminder, Chapter 2 defresdurces” as the actors on a project, as well
as the tools and artifacts they use in order topteta specific actions on a given project.
Importantly, task work and articulation work ocaaithe context of a specific activity.
Gerson (2007) and Schmidt (2011) both describewdatiion work as occurring in the “local”

context of a specific activity within an arc of womwhich comprises multiple different activities.
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For the students in this study, the course assigtsweere the activities that described the arc of
work for each team. Each assignment representdteeedt “class” of activity since every
assignment required the completion of differenksaslowever, although the arc of work might
have been the same for every team of studentssistilndy, the members of each team pursued
different design concepts, approached activitiferdintly compared to their peers, and
produced unique deliverables.

The concept of metawork is primarily a topic ofalission among researchers within the
computer-supported cooperative work (CSCW) commyuiivr example, Gerson (2007) and
Schmidt (2011) both contrast articulation work ametawork by describing articulation work as
situational and metawork as classificational. Statiéferently, for Gerson and Schmidt the
concept of metawork describes the work of decidiog to coordinate and integrate classes of
activity. From this perspective, when the stud@mthis study discussed how they would
structure different activities so they could raibre the output from one activity with another,
they were performing metawork because they wegmialg classes of activities and not just the
tasks within a particular activity.

With this background in mind, it is fair to suggést the students in this study performed
metawork when they negotiatbdw project resources should be aligned acroswitiets, as
well as why those particular resources should bgnad in that wayThis definition implies that
metawork efforts pervade collaborative project waitkch as when two actors negotiate whether
a third actor should be assigned to a particulae of action throughout the project, or how a

task should be carried out with the total arc ofknia mind. Further, this definition implies that
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students perform metawork when they attempt to raesdrs with actors, or actors with tasks,

across activities.

Defining Bracketing and the Need for RationalizingActivities
It takes a great deal of effort, however, to megbra and tasks across activities. The

complexities of trying to align different human @it across a diversity of tasks is daunting, as is
the challenge of structuring multiple task sequersreh that those actors will complete each
activity correctly and set up successive activitegssuccess. As stated in Chapter 2, members of
collaborative teams use brackets to simplify relaghips across activities by rationalizing those
relationships in different ways (Gerson, 2007,%98)1 Segregating rationalization involves
separating “complex tasks...into multiple independasks” and “making things independent of
one another, removing the connections or contingeramong them wherever possible” (p.

198). Standardizing rationalization entails makiognnections and relationships among things
uniform” (p. 198), where “things” can be interpret&s tasks or as actors. The goal of this form
of rationalization is to simplify the activitiessexiated with an arc of work so that “more gets
done with the same resources” (p. 198).

Finally, coordinating rationalization occurs wheam members continuously “[refine]
relationships so that they are particularly weitesdi to their situation” (p. 198). Specifically,
“within a given activity, tasks are made more respee to one another by removing everything
that does not contribute directly to smooth funuitng and by strengthening everything that
does” (p. 198). The actors on a project accomplsirdinating rationalization partly through
ongoing efforts to “fine-[tune] interacting parts as to make them accommodate one another’s

peculiarities” (p. 199).
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This discussion about rationalizing the relatiopsfamong activities within an arc of work is
germane to this chapter because the studentssisttidy attempted to create brackets for the
different deliverables they had to produce. Actmiollaborative projects engage in bracketing
when they specify how activities within an arc aink mesh with one another by defining the
characteristics of those activities such that #dagycomplementary yet distinct. This information
makes it easier to know how to specify the taskkvamross activities in order to achieve the
desired final product. Gerson also points out tinatketing reduces the complexity of the
metawork that is performed when determining howspaf an information system should
interact with one another (p. 197).

The students in this study did not spend their tirpieg to align parts of an information
system, but they did have a similar job to do: Thag to align actors and tasks across 10
different deliverables and decide how the outpomfreach activity would feed into the next
activity. The deliverables they created had to dement one another, yet they also had to be
distinct reflections of their progress toward afiproduct. For these students, the arc of work
was their sociotechnical system, and the actordasks comprised the parts.

In theory, then, metawork should be observabledrgfally documenting instances from the
students’ projects when they made decisions abmwtth align or structure their task work
across multiple activitieswithin the arc of work for their project. Suchgaiment efforts
involved deciding which team members would alwagsknon specific kinds of tasks that were
required for more than one activity (e.qg., editundeo footage), or how those tasks should
always be designed regardless of the activity foictvthey were being completed. In practice,

however, metawork performances are challengingedatify because team members did not
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always realize that decisions about resource algmrand task definition would impact the
entire arc of work from that point on. In other wsy the students in this study did not always
know that they were performing metawork.

Given that the students all had personal toollstttsked with the tools they preferred and
knew how to use, it is reasonable to assume thegcatied those tools partly because they could
accomplish their task work more efficiently usihgse tools. As discussed in Chapter 2 in the
context of project-based learning, students aremgdlly interested in simplifying the task work
required across activities and want to get thakgalone as efficiently and as quickly as possible
(cf., Volet & Mansfield, 2006; Yacci & Rozanski, 2D). These students engaged in bracketing
when they made tool-related decisions that affetziekd work across multiple activities. Stated
differently, when students attempted to mesh taotsss activities, they performed metawork
whether they realized it or not

These performances can be traced by analyzingofie artifacts that students created and
used to represent their design concepts in teatngBsons and with actors outside the team.
Four instances of these artifacts are discusstdsrthapter in the context of the tool-related
decisions that led to the creation of those atstae€irst, however, the actor-network theory
(ANT) concepts of inscription and conscription dm4, as well as the enlistment of actors as

allies, are described to set the stage for thaudson.

Characterizing Artifacts as Inscription Devices
ANT scholars have attempted to characterize theswawhich human actors collaborate

with and through non-human actors, such as thiaetdiand tools created and used during
design projects. Chapter 2 presents an initialudision of enlistment and the social construction

of knowledge through inscriptions. This discuss®axpanded upon here in order to provide
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necessary background information about the cormfeginscription devices, as well as how this
concept relates to the performance of metaworkesigd projects.

Bucciarelli (1994) and Henderson (1991, 1999) lsdtidied engineering design teams, and
both scholars have theorized about what happens pd@aple with different knowledge bases,
different lived experiences, and different pointyiew form a team and work on a design
project together. Given their disparate backgroutedsm members must rationalize their
different design perspectives and ideas so theggacessfully complete their project. That
rationalization effort is “a social process of negtion and consensus” (Bucciarelli, 1994, p. 20)
whereby design team members try to “bring theirisgointo coherence” (p. 83).

Bucciarelli claims that the artifacts that team nbens create during the design process are
the awkward expressions of their negotiative, cosgs-building social processes. The sense of
awkwardness reflects the fact that the memberdedia engage in contested collaboration when
they attempt to create a design product togethey, bring their own unique perspectives to their
collaborations and “[fix] them in the artifact” (£86). Similarly, according to Henderson (1999),
design artifacts are the “arena in which negotretican be held” (p. 200) about the design idea,
which is developed and captured in various forntinduthe project.

Henderson (1991) draws upon the body of sociahseiditerature regarding the construction
of knowledge and refers to engineering designaatsf as the “inscriptions” (p. 451) that design
team members generate while they work togetherimdweiption devicesthat members
produce “socially organize the workers, the worgaiss, and the concepts workers manipulate

in engineering design [projects]” (p. 452). Additadly, inscription devices are the “social glue”
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that team members use to describe how they interehth their design and project goals
(Henderson, 1999, p. 133-4).

The meaning of these devices can be interpretddferent ways because team members
bring different perspectives to bear on their peoyeork. Henderson cites this potential for
different interpretations as a positive qualityrefcription devices. When teams engage in
contested collaboration, members gradually (andesiomes painfully) try to achieve consensus
about their design idea by iterating inscriptiowides independently and collectively until they

create a final product, which includes elementsarhie or all of the team members’ design ideas.

Identifying Conscription Devices and Enlisting Allies
Achieving consensus is a challenging process bedaasn members must handle issues of

authority and control as they iterate their insooip devices. The stakes are high when team
members negotiate “the form that knowledge wilketakkhe use or nonuse of that
knowledge...control of workers and work, and accessaterial and labor resources” (p. 134).
Authority over the team’s progress is establishedigally during a project, as decisions are
made regarding which design directions the tearhtakke. The team member who wields the
most authority, and by extension the most powehesone who exerts the most control over the
form and function of the final design product.

Henderson suggests the terocofiscription devices (p. 53) to describe the specific design
artifacts that team members use to representiinginal understanding of their design concept,
and through which they attempt to modify that cquid®y enlisting actors as allies who will
support their ideas. They also enlist tools as moaman allies: Tools are a necessary component
of conscription devices because they mediate teembars’ engagement with visual

representations of their ideas, as well as assmtwnication among actors (e.g., other team
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members, the instructor). The concept of the tdbibeémportant here because team members
prefer to use certain tools for different desiggksaand activities, and because they are more
likely to enlist preferred tools as allies when Wog with conscription devices. Clearly, tool
choice is important given the ways in which diff@réeools enable and constrain how ideas can
be represented for discussion (cf., Bardzell, 2007)

For this reason, conscription devices are bestgiioof as dynamic, contested sites of
meaning, or as sets of practices and decisiorgrétan specific objects. Team members’
struggles for control over the final design prodpiety out with, through, and around
conscription devices. They negotiate which visegresentations best reflect their design
concept, as well as which tools they want to trg anlist as allies when modifying those
representations. Henderson also notes that cotisarigevices act as boundary objects because
team members rely on them to facilitate multipkeipretations of their contents depending on

who they are trying to enlist as allies.

Tracking the Use of Conscription Devices Using Metaork Performances
The students in this study completed the task iamrkpecific activities using specific tools,

and they performed articulation work when they ctele tools for those tasks. When the students
decided to enlist tools as allies that they usetian capacity across multiple activities, they
performed metawork because the ramifications ode¢hdecisions extended across multiple
activities. However, given that the students is gtudy could not know how the results of their
negotiations, decisions, and enlistment effortshinigipact the rest of their project work, it was
necessary to gather the data for this study premwely and retrospectively using a mixed-
methods approach. Observations of team meetings nvade on a regular basis as the quarter

progressed, and detailed field notes were madeagltinose meetings. Audio recordings, video
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recordings, photographs of team work sessions difidcés, and informal interviews with
individuals or entire teams rounded out the datdosehis project. The semi-structured
interviews that occurred after the quarter endéecshe same questions of every student about
how they tracked the overall vision for their desigand products, as well as other questions
about specific deliverables and their processesdtacting tools to use while working on those
deliverables.

The application of these methods produced a dathaedescribes metawork performances
within teams and across team members. Specificdakyfour performances discussed in this
chapter characterize how the students in this stiség specific visual representations to discuss
their design concepts and enlisted tools as alesss activities within their projects. These
performances document how they struggled with tie@immates to control how their final
design products would look, and the examples pexVitere reflect how they worked with,

through, and around conscription devices as thejepts played out.

Performing Metawork Using Adobe lllustrator as an Ally
All of the teams were required to complete 10 ddfe assignments throughout the academic

quarter. The instructor designed the syllabus bagtogression of those assignments such that
the students could iteratively improve their designcepts by revising and improving the
deliverables they created for each assignmentekample, the first team activity was the design
project description presentation, which was meaihedp teams externalize their first thoughts
about their design ideas so that the instructorahér students could review and assess them.
All of the teams presented digital design artifdoteveryone in the class as their deliverables for

that first assignment.
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Five of the six teams in this study used Adobesthator during the academic quarter, and all
five of those teams used lllustrator to creatertiesign project description deliverables. The
only team that did not use lllustrator (Team F)duaeobe InDesign instead. Nancy from Team
A characterized lllustrator as the most populal &moong the interaction design students, all of
whom included lllustrator in their personal toolisednd all of whom owned a personal copy of
the tool.

On the computer, lllustrator was...the dominant téald | got the sense that...the whole

class was using lllustrator a lot for everything. &hink lllustrator is like the interaction
design student's multi-tool. [They] use it for angy that doesn't need to move. (Nancy 187)

This quote from Nancy highlights the flexibility dfustrator as a tool, which she likens to a
multi-tool with many blades and attachments. Ske abtes that the interaction design students
used lllustrator for task work that did not involaeimation. Field notes support Nancy’s
comments: The members of every team (except fomTEaused lllustrator to create
presentations, storyboards, user experience walkgfins, and other artifacts throughout the
academic quarter.

The members of Team A used lllustrator in some c@pan every team-wide activity they
were required to complete. The initial decisiormdmplete task work with this tool is traceable
to a specific choice that Anne made after the tealahuary 12 work session but before their
next work session on January 16. When the memlb@rsaon A met on January 12, their
discussion primarily centered around their perfaroeeof research and ideation task work.
During the last 15 minutes of their work sessitie, members of the team realized that they
needed to figure out how to create their desigfeptalescription deliverable for the January 17
course session. They expressed their feelingsrdgtismn to one another about which tool to use

to create that first deliverable. The syllabus désgd the deliverable using the word
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“presentation,” which the students found partidylanigmatic. They talked about how to make
a formal presentation using tools with which theg lsome familiarity (e.g., Microsoft
PowerPoint). They also discussed the idea of trgimga new tool to make their presentation
(Prezi), but decided against using a tool that rafrteem had personally worked with in the
past.

Team A concluded their January 12 work sessionawithaving decided which tool to use.
When the team met again on January 16, Anne sagphier teammates with her independent
work on the design project description deliverablering the intervening four days, Anne had
decided to shift from ideation to prototyping, $® $r:ad begun using lllustrator to translate the
team’s analog design artifacts into digital forneripresentation of this file to her teammates at
their January 16 work session reflected her perdmica of metawork because she used the
significant progress she had already made withdblterable as an excuse to continue using
lllustrator for that assignment as well as the rasdignment. Put simply, Anne had decided to
enlist lllustrator as an ally, and she wanted taticmie working with lllustrator in that capacity
for the rest of the project. Nancy explained hoeytmade that decision at that work session.

[Anne] had done some of [the work] beforehand drmehtbasically we had a graphic...and

she put some original text, like her thoughts. frah she was changing the text as we were

talking, and then she was actually changing thepgra while we were talking. When you're

good at lllustrator you can do things really quigkUnfortunately, | don’t know how to do
that. (Nancy, informal interview, January 17, 2012)

In this quote, Anne explained how she was abletwince her teammates that the visual
representation of their design concept that shenede using Illustrator accurately reflected
their design concept. Her teammates agreed tchesiustrator source files as the visual
representation of their design concept, which gfeywed to others as an indication of their

current thinking about their project. Their useAaine’s file in this way also led them to
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physically configure their work around Anne and lagtop computer during future work
sessions. In this way, she established a spe@émd artifact and the tool she decided to use to
produce it as a conscription device. Anne had ssfablly enlisted lllustrator as an ally, and she
was able to drive the team’s work sessions thrdwggtuse of that tool over the next several
weeks of the academic quarter.

Anne’s domineering approach to collaborative wods\wa topic of discussion in interviews
with her teammates after the end of the acadenadeyu Although four team members included
lllustrator in their toolbelts, only Anne preferremluse that tool over similar tools (e.g., Adobe
InDesign). Kylie and Khloe both indicated in theiterviews that they knew how to use
lllustrator, but neither preferred to use that toetause they were more proficient with other
tools like InDesign. Bae had also used lllustrégsiore but primarily used Photoshop in support
of his project work. Nancy did not know how to ukestrator at all, although she acknowledged
that she needed to learn the tool if she wanteditceed in the design community.

| need to learn [lllustrator] though, people onhant designers who know how to use

lllustrator. | need to learn how to use it. | ownbut | need to learn how to use it. (Nancy,
informal interview, January 17, 2012)

This quote from Nancy is interesting because elilengh she owned a personal copy of
lllustrator, she had not spent the time requirel@&on how to use that tool. Instead, Nancy
preferred to use tools such as Keynote and MictddmiverPoint when developing presentations.
Because her teammates were less adept at usiagdtlor, or because they preferred to use
other tools, Anne was able to exert control overdhsign vision for the project by enlisting
lllustrator as an ally and by refusing to sharegtierce files for the team’s deliverables. She
maintained this practice throughout the projeccd&rse the design project description

deliverable became the foundation for all of thekabat followed, Anne continued using the
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lllustrator source files she made as the basithinext activity (the conceptual model
presentation) and for several other activities thalt on that design project description
deliverable.

Nancy described how Anne limited access to thosecsdiles by keeping them on her
computer and by positioning herself as the gatekefep all changes to those files.

Nancy: Anne had several massive Illustrator [solifies.

Alex: Were those files that all of you were ableigw?

Nancy: No. They were only on [Anne’s] computer.

Alex: Oh, so did she share them with everyone aydu just look over the folder?

Nancy: She would show them to us.

Alex: So was there any kind of [file] distribution Dropbox or that sort of thing?

Nancy: No. (Nancy 099-111)

In this exchange, Nancy described how Anne withlaeltkss to source files, only showing the
contents of those files to her teammates duringkwessions. Unlike the variety of other files
that team members created and shared via Dropbaxather tool, Anne kept the several
lllustrator source files on her personal laptoptighout the quarter. This behavior aligns with
Henderson’s (1999) description of how team memgeesd conscription devices “from
exposure to unwanted input” (p. 53).

Again, this decision can be traced back to Annet$ggmance of metawork at that January
16 work session when she successfully enlistedtitiior as an ally. In so doing, she developed
the authority within Team A to constrain the waysvhich her teammates could collaborate,

which meant that she was able to dictate how tasksd be performed across activities and how
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resources would be aligned to complete those tdékscy explained how she was only able to
help iterate her team’s design ideas by workingaliy with Anne.

[Anne] took over the project and | was allowed &) and then [Anne] started scheduling
all the [meeting] times. So all the time that sheswvorking, she would invite me too, but
then we did the equivalent of pair programming[t8e file] was still on her computer, but
we were talking through all the points and sketghimngs on pieces of paper, and then she

would make [the deliverable] in the lllustratordil(Nancy 115)

The following photo (taken during their February8rk session) shows a typical instance of

Team A physically orienting their collaborative \wa@around Anne and her laptop.
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Figure 62. Team A orienting their collaboration araind Anne (seated at laptop).
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This photo reflects the fact that Anne controlled work that Team A performed in the
weeks that followed their January 16 work sesgigie described how Anne exerted control
over her teammates throughout the academic quarter.
[Anne], from the very beginning, had a vision. [iglag] And you could tell because she was

very adamant about her vision, and if somethingndiiit it, she would yell at you. (Kylie
043)

Similarly, Nancy explained how Anne controlled tkam and their vision for the entire design
concept on which they worked throughout the quarter
Anne took over and then the [project] vision waside of her, so that was easy to keep track

of. As much as it is incorrect protocol for one g, [she] did take over: ‘I'm doing
everything. You can help if you want to and doettig my way.” (Nancy 091)

These quotes align with the results of observatamtsfield notes, as well as with Anne’s own
description of her performance during the quarter.
| think I just took initiative on everything, | tik. | was just like, ‘I'll do it. I've got this.’ |

think most people were like, ‘Well, when can wetggether again and do this?” And | was
like, “You know what? I'll just do it.” (Anne 145)

In summary, although the members of Team A useeratiols as they worked on their tasks
and activities, Anne asserted control over the tea®sign vision when she established and
continued using lllustrator as an ally in her questituate herself as the center of power within
her team. She was quite successful in this endea/she was able to limit her teammates’
contributions to tasks and activities, as wellrasrtability to modify the overall design vision,
because they did not prefer to use (or even knoawtbaise) lllustrator. Additionally, they were
typically unable to modify source files unless Anvmas there to perform that work for them.
Anne successfully imposed that limitation on themebecause all five team members agreed at
their January 16 work session to let Anne contimiag lllustrator to work on their first

assignment.
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In retrospect, Anne’s performance of metawork at tork session changed how the
members of Team A collaborated with one anothettferrest of their project. She established
her visual representation of the team’s design ephand her use of lllustrator to modify the
sources files as the conscription device, aroundiwte rest of the team had to physically

collaborate if they wanted to incorporate their adeas into the design vision.

Performing Metawork Using a Whiteboard and Markers as Allies
All six teams used a combination of various papemffactors, sticky notes, and

whiteboards in support of the collaborative reseanrd ideation tasks they performed on each
deliverable. At times these kinds of tasks involvaadltiple team members using the same analog
tool simultaneously. In these situations, multiggle@m members wrote and sketched around a
specific topic related to their design concepttiAey worked, they erased, scratched out, redrew,
or added details to the inscriptions that each teember made.

As an example, the following photo shows how thenimers of Team E worked with the

same sheet of poster paper at their February 9 sesgion.
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Figure 63. Team E collaborating around poster paper

In this photo, Arlene and Erica are both using raesko write notes on the poster paper, while
the other three team members look on. Carl and thynare both referring to personal notes as
Arlene and Erica write, and field notes taken dgitims work session reveal that other members
of Team E also wrote on the poster paper througth@usession.

While this photo shows how Team E collaboratedgisiispecific analog tool during their
research and ideation task work, other teams desitis in this study did not always work with
analog tools in such an egalitarian way. For examgtl their first work session on January 12
the members of Team D left the classroom spacevandtlto another room so they could use a

whiteboard. Although they used whiteboards in caneéh other analog tools throughout the
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guarter, their ideation tasks throughout the quavere always physically centered around
whiteboards from that point on. Even when they ety notes, they placed their sticky notes
on whiteboards so they could draw connections betwviee ideas they had written on those
notes.

During the work sessions when they performed ideatsks (e.g., brainstorming), the
members of Team D preferred to let one team member down everything that was being
said rather than gathering around the whiteboaddcatiectively writing notes or sketching
ideas as they talked. Therefore, the task workTeatn D performed during the research and
ideation stages of their design process involvegiteam member standing at a whiteboard
taking notes as the team broadly discussed aspkittsir design concept that they needed to
explore, sketch, or refine. Delilah was the mendie¢his team who typically took notes at the
whiteboard because she was the only team memberatess to the room in which the markers
were kept, and because she happened to know whtratiroom the markers were typically
stored. Field notes reveal that serviceable mankers often hard to find throughout the
academic quarter, as other students used the dassecom and the “good” markers would go
missing between course sessions.

From Delilah’s perspective, the team member whé tamtes on the whiteboard wielded a
lot of power over that team’s design ideas pardgaduse they created the durable record of what
was being discussed as they worked through thedtion tasks. As the note taker, Delilah felt
she had a responsibility to get everything dowaasirately as possible, although she still
“missed” some details from time to time.

Not everyone felt they had the right to get a markieéwas one [person’s] responsibility to
write down everything that was being said, and ssta#f was being missed. (Delilah 051)
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Delilah expanded on this point by claiming thatdadrom bearing a sense of responsibility for
the content, the person taking notes possessed@icit amount of authority as the curator of
the team’s discussion.

| feel like the person with the pen...[was] the pargath authority, when really they're just

trying to provide a kind of practical service otmding everything that everyone’s saying.

But ultimately they ended up kind of curating wéetually gets put up on the board... if it's

one person documenting for the group, it can end.npt reflecting the whole group’s

conversation. (Delilah 057)

Delilah suggested that the person wielding the evahnlad a great deal of control over how
the team’s discussions and ideas were represeBgeduse she was the only team member with
access to the whiteboard markers, she was ushallgarson who held the marker and was in
control of recording the team’s conversations. Haaveshe did not simply transmit the verbatim
contents of what she and her teammates said. thsba curated the discussion by making a
number of choices about how to represent that dgon as it occurred.

For example, Delilah pointed out that whomever tootes explicitly structured those notes
as the conversation proceeded.

As | or anyone else writes, they would organizehingys they were writing on the board

within sections...the organization itself is somegttimat usually came from the person

writing, rather than from the group.... Sometimesagleame so fast, or were so
unrelated...that they would just end up on the boand, other things would start to

accumulate based on the person who was writing n@itrying to organize it. (Delilah
067-069)

As Delilah described her team’s process, the patieed conversations and the flow of ideas
necessitated a lot of writing at the whiteboardh@athan slowing those efforts by asking
guestions about how to capture the discussion]dbedittempted to structure the ideas and

concepts that were being discussed as she wrotglewg down. She was indeed curating the
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details of her team’s ideation tasks because skameharge of producing discussion summaries
rather than precise records of those discussions.

It was clear from her interview that Delilah sitedtherself as the team member who always
recorded notes when the team performed ideatids tascause she understood the value of
enlisting the whiteboard and markers as an allgh# had not taken up that role and had instead
handed the marker over to another teammate, shiel\Wwaue ceded control over the note-taking
process and relinquished her chance to subtly intteieeam’s ideas with her own perspective.
The summaries that Delilah created using the whaebbecame crucially important later in the
academic quarter because, according to the thregers of Team D who participated in
interviews (Baron, Delilah, and Isole), they did farmally track their design vision throughout
the quarter.

Instead, according to Delilah, she and her teansmwaferred to the photos they had taken of
her whiteboard notes during the last few weekfiefqquarter as they worked on prototyping
tasks and tried to decide whether they were stitilignment with regard to their design vision.

There were some critical times when we were mad@egsions about what the direction was

of the project...where we would look back at photesad taken of our brainstorming

sessions. | would take photos of — this was songethe did consistently — take photos of the
whiteboard...and look back at some of the initiaia@ons and ideas we had early on. And

[we’d] use that to help us understand whether theas an alternative direction for where

we were going, or if we had gone down a path, glsitheme, that we realized from earlier
on we had pigeon-holed ourselves into. (Delilah)083

By centering later design discussions around thiesthat Delilah wrote earlier in the quarter,
the members of Team D reified the value of thatrimiation to their overall design vision and
extended its usefulness across activities. In sogdthey situated those notes as a conscription
device because their negotiations around how togea with their design concept occurred

with, through, and around the photos of the ndtas Delilah had written.
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In this example, the metawork performance is chagileg to trace precisely. The team
members collectively decided to use the whitebaartheir preferred tool for ideation tasks
across all activities in their arc of work. Weebltel, once they were more focused on
prototyping their design concept using softwardgoihey referred to the whiteboard notes that
were written when they were performing ideatiorated task work so they could determine how
to adjust their design concept. In this way, altfiothe team collectively (and tacitly) made the
decision to use the whiteboard, Delilah found a teagnlist that tool as an ally in her quest to
infuse her design ideas and perspective into #ma'gefinal product. She was the team member
who typically controlled the marker as she andttammates worked around the whiteboard.
She was also the one who took photos of those nenesiring that her curated version of the
team’s ideation task results could be referencied ia the quarter. However, at the time when
she authored those notes, Delilah did not necég&aow she was performing metawork, nor
did she and her teammates realize how importantdeeision to use the whiteboard and let
Delilah take notes would turn out to be later ie tuarter as they shifted from ideation to
prototyping task work.

This point about their lack of awareness regardimg metawork performance is important
because the decisions and actions described Hiet the tacit attempts that the students in this
study made to control their teams’ design concdptsese students did not use terms such as
“metawork,” “ally,” or “conscription device” duringvork sessions or when describing in
interviews how they went about completing theirjpcowork. Instead, they engaged in
behaviors reflective of these concepts without sagaely making their intentions known to their

teammates. By contrast, the next two sections dhesoretawork performances that occurred
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when certain students intuitively recognized thpecsfic artifacts and tools were being used
together to create conscription devices, and thi@gyséed how they negotiated design-related

decisions within their teams as a result.

Performing Metawork Using a Visual Representation a an Ally
Every team created and worked with conscriptionaesvduring the study. For example,

during one of Team B’s work sessions that occueaatly in week six of the academic quarter,
the team members collectively developed an anadsgyd artifact that they felt reflected their
design vision most accurately. The essential idetavating their design concept was to help
people live healthier lives, so they were workimgdeveloping a mobile app and associated
Website.

Additionally, Team B used the same three whitebgarkls in the classroom throughout the
entire quarter, which meant that they took notessketched ideas without fear of erasure
between work sessions. For this reason, the memob&esam B were able to reference the
analog design artifact described above until tHeyse to erase it from the whiteboard. In this
way, they used that particular artifact as a capgson device because they relied on the details
presented in the artifact as a way to explain thep and Website interface design details to
others outside the team.

One of the ways in which the students performecametk was by making changes to
specific design artifacts that were already beisgduas conscription devices. In so doing, they
subtly inserted their own ideas into a broadergtesision. Logan from Team B engaged in this
practice: He used the phrase “anchoring artifactefer to the analog design artifact described
above, which Team B had been using as a conscrigguice. The following photo shows that

conscription device, as well as Logan pointing fmagticular detail of the artifact.



Figure 64. Logan (Team B) pointing out an “anchorirgy artifact.”

In this photo, Logan is pointing to a circled pairthe sketch that he himself circled to
emphasize a particular design idea he wanted tuskswith the team. As stated earlier in this
chapter, designers create and rely on artifactxternalize their ideas, and they use those
artifacts to align their design “stories” with oaeother. The negotiative efforts that occur with,
through, and around conscription devices are amitapt part of that alignment process. The
members of Team D went through this alignment geds designating the visual
representation shown above as critical to theiewstdnding of their design concept. In so doing,
all of the team members chose to align their degigion around that sketch, making it a

conscription device around which future discuss@insut their design had to occur.
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Logan recognized that if he wanted to incorporageolwvn ideas into the team’s design
concept, he needed to build consensus for his dea $omehow. He could have tried to create
an entirely new design artifact for discussion, lbeiknew the team members had already gone
through the process of aligning their design thgkaround that existing sketch. Therefore, he
chose to enlist an important visual representa®an ally and then add his own modifications
to that representation.

| used the [anchoring artifact] phrase because \ad hll agreed that this [sketch] was

important somehow.... We decided that this artifaat tve created together was something
that we all agree on and it's important.

Logan continued by explaining why he added thdeii@ the sketch during the team’s work
session that day.

| was just trying to take advantage of the [anchgrartifact] so that | could introduce an
idea using an already existing idea, building omsthing that we already agreed upon.

Logan acknowledged in this quote that he knew &t tWway to get his point across to his
teammates was to modify an aspect of the consenijgkevice they had created together. In so
doing, he hoped to exert control over the interidesign concept that his team collectively
established by embedding his idea within their edepon visual representation of that concept.

Logan was quite interested in getting his desilgras integrated into the overall vision for
the team’s final product. During his interview, thescribed how that process had been
challenging at the start of the academic quarteenwtie and his teammates worked on the
conceptual model deliverable (the second team rassgt).

Nathaniel and Molly were drawing a conceptual maaiekheir own, and then | was drawing

a conceptual model on my own on a whiteboard, amdpent like an hour and a half or

maybe two hours just working separately. And thercame together, and | didn’t win.
(Logan 145)
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Logan described how Team B externalized their idgasreating individual design artifacts that
led to a discussion about which artifacts refle¢teriteam’s overall design vision for their
conceptual model. He used the word “win” to charaze the way that his teammates selected
another idea over his own as the basis for theiceptual model. A few weeks later, however,
Logan chose to enlist part of a conscription deasan ally and modify it in order to win
support for his design idea (rather than creatisgarate, competing artifact).

Logan’s use of the word “win” also reflects the egpiateness of the phrase “conscription
device” with regard to describing the process @fraihg disparate design stories around a single
concept. Conscription devices enlist team membsicgaation in a design concept or vision in
exactly the way that Logan described above whetideissed how he modified the conscription
device his team had previously created. The folhgyhoto shows an example of what it looked
like when Logan spoke to the rest of his teammg@tely Molly and Fiona are pictured) and tried

to convince them to incorporate his modificatiom® itheir interface design concept.
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Figure 65. Logan (Team B) modifying a conscriptiordevice to pitch his design idea.

At the moment when this photo was taken, Loganskasching a red line on top of the
“anchoring artifact” shown earlier. He was spealaibgut how the red line that he was drawing

reflected his own insight into how the user inteeféor the team’s design idea should be
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developed. As a result of that discussion, theaktte team agreed with his idea, which meant
that Logan’s strategy of modifying the details ln€ tonscription device was successful as it
influenced his teammates’ thinking about how teaite a specific aspect of their design concept.

This example of a metawork performance is intemgdtiecause Logan decided to realign the
details of a conscription device in order to gestideas included as part of the team’s overall
design concept from that point on. As Logan statdds interview, he knew that if he could get
his idea incorporated into a visual representatiaih the team used as an “anchoring artifact,”
his teammates would record images of the modifiedich and refer to them at future work
sessions without questioning the qualities or nmegaof their content. Ultimately, that is exactly
what happened: The team referenced that modifiettisko inform their design thinking across
multiple activities, and because Logan modifieddbetents of the sketch during its useful life

as a conscription device his ideas were reflectete final design product.

Performing Metawork Using a Social Artifact to Enlist Additional Allies
The students in this study relied on FacebookHeirtinitial recruiting efforts when teams

were forming. They regarded Facebook as an unobérusy to approach other students whom
they did not personally know, but with whom thepesally wanted to work. For example,
Holly described wanting to get Norbert on her tdaanause the level of his Adobe After Effects
and Adobe Flash skills were unique among the stsdaerthe course. Given Holly’s intense
desire to win the design competition in the couanse present at the Microsoft Design Expo, she
successfully recruited Norbert using Facebook leefloe academic quarter had even begun.
After the teams had formed during the second wédkeoacademic quarter, three of the six
teams in this course continued to use Facebookt®mal communications. Team B was one of

the three teams that decided to use Facebookyocknous communication, along with a
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variety of other tools (e.g., email, Pinterestmeaide blog) that were all designed to support
communication through the creation and sharingofias artifacts. Although the members of
Team B did not rely exclusively on their Faceboodup page for all of their internal
communication throughout the academic quarter, theéyome to rely on their group page as a
conscription device across every design stage tdtipre activities within their arc of work.

The following screenshot shows a portion of thent@&Facebook group page, along with

callouts that describe the purpose of each speaificy, comment, link, and so on.
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Link to external, relevant content for inspiration

Link to external, relevant content for inspiration

1 teammate comment on how to incorporate
idea into interaction design for their own concept

2 photos of white board sketches and notes
created during team meeting

Link to external, relevant content for inspiration

2 teammate comments on incorporating idea
into their own concept, high quality of source info

Link to external, relevant content for inspiration

2 teammate comments and 1 “like” showing
enthusiasm for idea, saying “great find!”
Comment on team’s need to meet w/instructor
Link to external content mentioned by teammate

Comment on compiling process documentation,
using “like” function to indicate photos to save
(with 1 “like”)

1 photo of paper w/prioritized list of design ideas

7 teammate comments clarifying items on list
(only the 2 latest comments are visible)

1 photo of design ideas printed on paper and
tacked to wall behind workspace

Figure 66. Segment of Team B Facebook group page.
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Note that this screenshot is the same as the avensbarlier in Chapter 4, but is presented here
to show a snapshot of how the members of Team & th&er Facebook group page as a digital
social artifact throughout the academic quarteti§tcs drawn from their group page indicate
that the members of Team B referred to this pagrutghout the academic quarter and beyond.
They posted 106 unique entries on their page betdaeruary 10 (the day when Fiona created
the page) and April 4 (a few weeks after the acaclepmarter had ended). Additionally, there
were 70 different comments added to those entridsld “likes” of specific entries.

This screenshot also shows some of the ways inhvthee members of Team B used their
Facebook group page at different stages of theigderocess within different activities. For
example, they shared their own personal desigrsjdgesawell as sources of relevant information
that existed elsewhere in the world. They publishlectos of the analog design artifacts they
created collectively as the result of researchidedtion task work, including meeting notes and
design ideas; the expectation was that everyortheoteam would review those photos. They
talked about how to elicit feedback from their instor as a way to strategize about their next
critique. They also used the commenting featurkided within Facebook to leave responses on
each other’s posts, to clarify what was being gaal particular set of meeting notes, or to
explain in more detail what was being shown in atplof an analog design artifact. They
engaged in those interpretive behaviors after Hagl/begun prototyping different deliverables
and they needed to return to the earlier artifantsclarify details of how their design vision
should be executed.

In one sense, the members of Team B used theibBakeyroup page as a conscription

device through which they conducted an ongoing ewsation about their design project. At the



259
same time, however, their use of this page refleate individual members would publish
external sources of information in order to try @amdist those sources as allies. In essence, their
Facebook group page was an ever-changing sit@déarrigoing creation and modification of
meaning regarding their design concept. Their gfieggfor control over their final design
product played out with, through, and around tlaigipular conscription device in a number of
ways.

For example, field notes indicate that the membéfieeam B referenced this page at the
start of several work sessions. They would kickd&#f$ign discussions by recalling what they had
previously discussed or decided, and by reviewhegpotential applicability and usefulness of
information that team members had posted. Fionkesgdaring her interview about how she and
her teammates relied on their Facebook group psgecanscription device around which they
organized their work sessions and thoughts abeut design vision.

| posted...a lot of pictures of the [whiteboardsjtlsat we could all refer to those images

when we went to a meeting because some of therd Wewa task list or a calendar or just
important notes for the meeting, so | put them acebook so we’d all see them. (Fiona 137)

Fiona also cited her team’s use of their group @ege crucial part of theiptocess for
researchi (Fiona 165) because they posted relevant sowfcegormation (e.g., news articles,
blog entries) so that the team members would reti@se bits of information between work
sessions. Again, if one team member could sucdéssfstill the contents of an external
information source into the team'’s design conde@tor she would have successfully enlisted
that source as an ally.

In his interview, Peter provided additional contakibut how the team used their Facebook
group page as a conscription device. Speaking dheueam’s second assignment (the

conceptual model presentation), Peter describedthewact of publishing photos of important
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design artifacts to their Facebook group page wamaortant reason why they chose to use that
tool.

This [conceptual model] started on a whiteboardeitlit moved to a piece of paper, and
then it moved back to a whiteboard again. So tludehwas built and rebuilt a hundred
times over. At some point, it was finalized.... AMe@oint, someone took a picture of
it...and that image went to Facebook...and then Naghaccessed it and built the [final]

conceptual model based on the conceptual modelitbdtad sketched in the photograph
uploaded to Facebook. (Peter 189-197)

In this quote, Peter described the broader prdoesseating a particular deliverable while
also indicating the important role that the teaRésebook group page played in that process. He
and his teammates used that page as a conscrijgioce by agreeing that important information
would be posted there (e.g., photos of analog desitifacts that also served as conscription
devices) and could be referenced across taskswathactivity. According to other interview
comments and field notes, the expectations wadhlkanembers of the team would review
information posted to the Facebook group page twerk sessions so they could come
prepared to discuss it all. In so doing, the membéiTeam B essentially specified rules for
enlisting the artifacts they created as alliescbhssions held during work sessions provided the
opportunity for team members to suggest how speartifacts should impact the broader design
vision for the team.

This choice to use a digital social artifact a®ascription device through which other allies
could be enlisted reflects a specific example eftdam’s performance of metawork. Although
the members of Team B used a variety of tools tomanicate with one another, they
consistently returned to their Facebook group ghgmighout the academic quarter as the hub
for discussing their project and reminding themssglwhat they had previously discussed and

decided when they started new work sessions.
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Peter provided three reasons why the team madsotleetive decision to use Facebook as
one of their communication tools. First, Facebacatilitated the private discussions that the five
team members wanted to have about their desigs.idezording to Peter and Fiona, they
expressly wanted to avoid letting other people wieoe not taking their advanced interaction
design course see their ideas and thought processes

Second, Peter and Nathaniel used their smartpiiongdoad photos of design artifacts
directly to their Facebook group page as they eagjagwork sessions. This functionality
streamlined their process for sharing photos ofartgnt design artifacts with the entire team
because they did not have to use any other toaawe photos of analog design artifacts on their
group page. This process was also helpful becéwasecbuld add captions and other contextual
information when they uploaded the photos, a thel typically performed when the details of
their artifact-related discussions were still fresh

Third, and most important to Peter, Facebook watepable to other tools that offered
similar sharing and discussion capabilities becawseyone on the team already knew how to
use Facebook. They came to rely on their group pageconscription device not just because it
acted as a repository for information, but becaus@s the lowest common denominator for the
team members with regard to the technical knowledgaired to use it as a tool for sharing and
discussing information.

[You need] that common ground, right? Here’s theyof tools | know how to use. And

here’s the body of tools that Nathaniel knows howde. And in that overlap is Facebook

and Twitter and Dropbox and whatever else. And'shadw it worked for all of us: We all
knew how to use these [tools]...so we decided tohese. (Peter 321-323)

Here, Peter suggested that he and his teammdgesled to use tools such as Facebook at

the start of the academic quarter. Had they usedlfemk for a specific task within a particular
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activity, that decision would have been an examopkrticulation work. Instead, because the
team members ultimately oriented their project wandund their Facebook group page across
activities throughout the entire quarter, they ubed page as a conscription device and the
decision they made early on became an exampleegig¢iformance of metawork.

Finally, Peter cited the information managemeniasshat arose within the team as they
generated more and more email as a counterpothetease with which they could all reference
a single, threaded view of their comments, phaasd, links on their Facebook group page.
Therefore, the team established their Facebookpgoage as a conscription device because they
chose to align their collaborative work around {bage across the entire arc of work for their
project. However, other team members did make agiteto erode the Facebook group page as a
center of power within the team.

For example, during the sixth week of the quarmgdn suggested that the team use
Pinterest rather than Facebook for sharing idedsaarces of inspiration about their project.
Pinterest was similar to Facebook in that the tes@mbers set up two private “pin boards”
where they could publish links to images and otrdine information. However, they did not
publish photos of their artifacts to the pin boaitst Logan set up.

After trying to use the tool for about a week, g/agre on Team B quit using the Pinterest pin
boards. Logan explained that he and his teammat@det] to stop using their pin boards
because their Facebook group page already seneedagent and idea repository. Furthermore,
the team'’s only attempt at using Pinterest to mftine design of one of their deliverables led to

a disastrous critique.
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We made an interface with a lot of triangles, amak tame from Pinterest. Like we used
Pinterest to build that [deliverable], and we wdilee, ‘This isn’'t working.’ [laughter].
Pinterest got us in trouble....Pinterest was actuatly that helpful. But either way, we have

Facebook as a repository of ideas, and also [faslal identity and video [prototype] style.
Those were decisions that had already been madgafi.206-208)

This quote is reminiscent of Peter’s earlier quadieut the collective decision to use Facebook.
Logan explained that the team had already maddebtision to use Facebook both as a
“repository for ideasand as a guide for theivisual identity and video [prototype] style

Taken together, these quotes from Peter and Lagfect how the members of Team B
performed metawork when they chose to continuegusiair Facebook group page to structure
their design thinking across activities. As thegduced a deliverable for each assignment, they
individually updated and consulted their Faceboaupg page, using that page as a conscription
device through which they brought coherence ta ttisparate design ideas and attempted to
enlist allies in the form of external sources dbimation. This is not to suggest that their group
page was the only conscription device in use dutiegyuarter; as stated earlier, they also used
certain analog design artifacts as conscriptionaésv Instead, this section has described how
Team B decided to use their Facebook group pagecasscription device across multiple

activities within their arc of work, a decision thiaflected their performance of metawork.

Chapter Summary
Whereas the previous chapter traced examples aéistsi task and articulation work, as well

as how they decided which tools to use for a specdilaborative activity, the contribution of
this chapter is to document how students performethwork when they made tool-related and
design-related decisions that impacted multiplesdiets within their projects. Specifically, the
four examples presented in this chapter illustnate students used specific tools as allies, as

well as specific artifacts as conscription deviagfin and beyond their teams in order to enlist
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other actors as allies. Those actors included gqibeple (e.g., the instructor, professional
designers who advised the students) who serverbdsators regarding the design direction that
the team should take, tools (e.g., Adobe lllustratditeboards and markers) that determined
how and by whom those artifacts could be desigmeldtarated, and external sources of
information (e.g., design blogs) that influencedviteam members thought about their projects.

As the examples presented here demonstrate, tthengsuperformed metawork in an effort to
complete their projects as efficiently as possibley attempted to make the activities they had
to complete manageable within the constraints efctiurse, which included the different
deliverables to complete during the brief duratibthe academic quarter, the limits of team
members’ skills with regard to certain types oktaand tools, and the availability of preferred
tools. Importantly, the students were performindan®rkeven when they did not realize it
while they were performing it. Instead, they were focused on successfully fingskheir
projects and achieving their personal goals forcthase in the process.

The students defined success in different ways elew and were motivated by multiple
factors to perform metawork as their projects pedeel. When asked during their interviews
about the personal goals they had for this profeEenf the 16 students indicated that they
wanted to develop a high-quality portfolio piecepooduct prototype that would represent them
well as designers. Furthermore, three other stgdsmtl they wanted to win the competition and
present their design ideas at the Microsoft DeEigpo. The remaining three students were less
concerned with developing their personal portfobosvinning the competition, and were more
interested in enriching their personal skills waffecific tools or gaining experience working

with students from other programs and departments.
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This context is important because, in essencef ffl#edl6 students interviewed for this study
began their projects with the goal of externalizingir design ideas such that others (e.qg., the
instructor, professional designers, Microsoft Daditxpo judges) would assess those ideas
favorably. Therefore, the students created anddean conscription devices partly to simplify
the processual effort required to achieve conseasusd a team-wide design vision, and partly
to drive their own ideas and opinions into thatonsduring that consensus-building process. In
that aspect of their use among these studentscigptien devices are similar to Gerson’s (2007)
concept of the bracket, which actors use when #tgeynpt to rationalize the relationships among
activities within an arc of work. As stated earli@erson (2007) defines three kinds of
rationalization: segregating, standardizing, anordmating. The examples of metawork
presented in this chapter are each discussed belthe context of these different kinds of
rationalization efforts.

Segregating rationalization involves separatingriptex tasks...into multiple independent
tasks” and “making things independent of one anptieenoving the connections or
contingencies among them wherever possible” (p).IR& students in this study engaged in
segregating rationalization whenever they dividpdask worksuch that the students who were
the most adept with the tools required to complgten tasks performed that woikor example,
Anne from Team A consistently strove to avoid aepehdency on other members of her team,
particularly when those members were uninteresteshable to assist her with specific tasks or
activities, as when she explicitly refrained frossigning Kylie and Nancy any video production
and editing task work to complete. Whereas thatst@twas specific to that activity, Anne

made multiple tool-related decisions that limited tvays in which Kylie and Nancy could
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contribute across multiple activities within theisnarc of work for their project. Her enlistment
of Adobe lllustrator as an ally simplified her pmrhance of metawork because she was able to
limit future discussions about how to align actansl tasks. Only the actors who knew how to
use lllustrator could participate equally, whichantein practice that Kylie and Nancy were
never assigned tasks that required knowledge ustthtor.

Standardizing rationalization entails making “coctiens and relationships among things
uniform” (p. 198), where “things” can be interpret&s tasks or as actors. The goal of this form
of rationalization is to simplify the activitiessexiated with an arc of work so that “more gets
done with the same resources” (p. 198). The mendiefeam B engaged in standardizing
rationalization when they decided to create andauSacebook group page as a communication
channel during, and even after, the academic quaittaough they did not discuss their use of
Facebook in these terms, the members of Team Btsdléhis tool precisely because it helped
them standardize the myriad ways tloeyld communicate about their design project.

Everyone on Team B included Facebook in their paiswolbelts, and because some
members of the team were perceived as less tedlyrseavy than others, they considered it
logical to rely on their group page as a consaiptievice. In so doing, they engaged in team-
wide discussions whereby they negotiated whichgtesitifacts best reflected their collective
vision for their project, for example. The membef3eam B considered Facebook “more
convenient...and more reliable” (Gerson, 2007, p.) 188n their interactions with similar tools
that competed for their attention (e.g., Pinterdy)settling on a specific tool, they simplified
their metawork because they did not need to remgothere they would store and discuss the

artifacts they produced each time they met.



267

However, their efforts at standardizing rationdi@a were imperfect as they did use other
tools in concert with their Facebook group pagg.(email, Dropbox). The Facebook group
page persisted as a conscription device preciggguse the team members’ process for
communicating about their project through Facebeak well-defined and repetitive. Again, the
team kept using their Facebook group page bechesdetision to use another tool would have
required Nathaniel to learn that tool. That requieat would have meant more time spent on
metawork: negotiating which tool to use, deterngnitow to align all of the activities around
that tool, and so on. Instead, the members of TRa®faulted to the well-defined, repetitive
process of letting Nathaniel upload his photosh#&odroup page for discussion and clarification.

Finally, coordinating rationalization occurs wheam members continuously “[refine]
relationships so that they are particularly weitesdi to their situation” (p. 198). Specifically,
“within a given activity, tasks are made more ragpee to one another by removing everything
that does not contribute directly to smooth funuitng and by strengthening everything that
does” (p. 198). The actors on a project accompieirdinating rationalization partly through
ongoing efforts to “fine-[tune] interacting parts as to make them accommodate one another’s
peculiarities” (p. 199). This process includes gigant articulation work to pair actors with one
another based on how well they work together.

As stated earlier, actors and tasks are the “phasig described in this quote. Actors can be
human and non-human, and both kinds of actors eardarded as “interacting parts” of a
project. Delilah from Team D engaged in coordingtiationalization when she actively curated
her team’s discussions by writing notes from spegbrk sessions on a whiteboard. Because

she was in charge of translating conversationsvimitben records of what the team had
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discussed, she was also able to prune and redhagerecords in ways that could influence
future design decisions. Stated differently, sheveged her own ideas about the team’s design
vision through her note-taking process by excludingestating the parts of the discussions that
did not align with her way of thinking. This metaske@xample indicates how Delilah knew from
the start of her collaborative project work that tiotes she took would become the reference
point later as the team reflected on the basigir evolving design vision. Therefore, she
situated herself as the note taker so she coulddst directly responsible for shaping that
vision.

Finally, Logan’s modification of his team’s congatron device demonstrates how, as Gerson
puts it, coordinating rationalization often invab/&aking advantage of specialized local
circumstances or knowledge in order to create speed local short-cuts” (p. 198). In that
example of Logan’s performance of metawork, he ki@t if he could convince his teammates
to add his idea into an extant conscription dewicat idea would become a part of the
conscription device as the team moved forward thér task work. Stated differently, he took a
shortcut: Rather than proposing an entirely neviptieislea (as he had unsuccessfully done
earlier in the quarter), he suggested what seembi$ teammates like a local modification to a
sketch on a whiteboard. Logan explained in onasirtterviews that he wanted ttake
advantagé of the conscription device, which he did by swesfally incorporating his design
idea into the broader vision for the team’s project

Importantly, Logan acknowledged in his interviewatthe knew this simple, local change to a
conscription device would become absorbed intdeben’s overall design from that point on. In

practice, that is exactly what happened: After lrogeodified the conscription device and
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convinced the team to let his modification stahéyttook photos of the updated whiteboard
sketch and later referenced those photos as tlonicah representation of their design concept.
An action on Logan’s part that seemed like an aldioon work performance or a local shortcut
turned out to be a metawork performance, one thigeld Logan drive his own idea into his
team’s design vision.

In summary, the students performed task work agdhganized, facilitated, and constrained
the effort required to develop tangible represéomatof their design ideas. They performed
articulation work as they reorganized and realigaetdrs and tasks within specific activities in
order to keep their projects on track. By contrimty performed metawork when they
negotiated how and why to align actors and taskssaanultiple activities. In so doing, they
relied on specific tools as allies, and they attempo use specific artifacts as conscription
devices in order to enlist other actors as alliae would concur with their design ideas and help
move projects forward. Given the challenges aststmaith performing metawork, they
attempted to rationalize details of their projentsrder to simplify their metawork performance.
In that way, they also attempted to ease the ald#iysult process inherent in collaborative
projects of meshing human actors (and their diveesixgrounds and abilities) with one another,

with different tools, and with the tasks that miostcompleted.
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Chapter 7. Conclusion and Implications

The overarching research question for this studgi®llows:How do university students
use different tools and artifacts for their collabaative design project work? Three research
sub-questions are included to help address thexmheng question:

e What is the constellation of tools and artifactst tlniversity students use and create to

support their collaborative work?

e How do they decide which tools to use to suppaeirtbollaborative work?

e How does their performance of task work, articalativork, and metawork organize,

facilitate, and constrain their collaborative pobjerork?
The three prior chapters have provided findings amalyses that answer these questions. This
chapter summarizes those answers in the contelkeaksearch questions for this project. The
sub-questions are answered first, while the ovanagcquestion is addressed at the end of the

chapter as a way to summarize the overall reseamttnibution of this dissertation.

Summarizing the Tools and Artifacts That Students ded and Created
The analytic details presented in this section esklpart of the first research question for

this project. Specifically, this summary describesv the university students studied for this
research project used analog tools, digital hardw@ols, and software and online tools to create
four types of artifacts: analog design artifactglag social artifacts, digital design artifactsgda
digital social artifacts. Examples of each typeauifact include the sketches that students made
on white boards (analog design artifacts), thesttey wrote to themselves in their paper
notebooks (analog social artifacts), the scengsrdgmorded for their video prototypes (digital
design artifacts), and the Vimeo and YouTube p#geg used to publish drafts of those videos

(digital social artifacts).
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The students in this study used and created spéyfes of tools and artifacts at particular
points throughout their projects. The task work #ibof the students performed as they
completed the 10 required course assignments wagigted around a basic design process
comprised of four stages: research, ideation, prptieg, and assessment. The students also
iterated their design concepts and ideas durindiidtehree stages leading to assessment of their
deliverables, and they used previously-submittddelables as the basis for the creation of new
artifacts and deliverables.

The students consulted their personal toolbelth@g progressed through these design stages
during each assignment. The toolbelt concept whsetkhere ashe aggregation of all the tools
from which designers select preferred tools to ganftask work within and across activities
Rather than creating rigid categorizations of difacts and tools that the students in this study
created and used, this research project reintredibeetoolbelt concept as a way to characterize
and understand the constellation of tools thastbdents decided to use for their project work.

For example, all of the teams used the same setadlbg tools (collective and individual
paper form factors, sticky notes, and whiteboaatispme point during the academic quarter.
However, while each team eventually settled ont @fsi®ols based on students’ preferences for
certain tools, as well as the resources that weagadle during collaborative activities, team
members rarely kicked off their collaborative waedssions by discussing which tools to use.
Instead, if a whiteboard was available, one teammb& would simply pick up a whiteboard pen
and start writing, and then the rest of the teamld/begin discussing ideas or progress on
specific tasks. Alternatively, they used differpaper form factors and sticky notes for their

research and ideation tasks depending on whawtkey trying to accomplish during specific
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work sessions. These work practices occurred rzguse the students collaboratively discussed
which tools to use, but because students alredtdgdnfortable using specific tools and so they
defaulted to those particular tools when faced wgécific tasks.

Specifically, whenever the students collaboratetth @wnd around analog tools, they did so in
support of research and ideation tasks. The mendbdrsam B described quite clearly why they
preferred to use a whiteboard for those typessistaalthough large pieces of paper fulfilled
these same requirements of use:

e Whiteboards givehysicality to ideas

e Whiteboards lend eemporary nature to the ideas being explored; content @rigleonly

a draft and is easily modifiable so nobody getsdittached to any of the ideas being
presented

e Whiteboards are lighly visual, easily focused on, and immediately adifiable tool

e Whiteboards serve as anenting devicewith regard to team collaboration
By contrast, the students relied on sticky notesmwiiey wanted to focus their design
discussions and jot down very specific ideas orllsamaounts of text describing a specific topic
or idea. The resulting notes were easier for theesits to categorize and discuss compared to
the expansive, sometimes overly broad ideas tlegtsketched on whiteboards or large pieces of
paper.

Overall, the students used only a few differeni@p#ools because there are far fewer such
tools available compared to the software and oriboés they used as they created digital design
and social artifacts. Given the lack of choicayats a rare occurrence during field observations

to overhear or notice teams of students discusgimgh analogtool to use. Instead, they worked
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on and around a whiteboard if one was availablegratise they obtained large pieces of paper,
adhered it to a wall or a table, and conducted t@iaborative task work around it.

The students in this study also relied on a contpatg greater diversity of digital hardware
tools as well as software and online tools bec#usg came from seven different academic
disciplines and departments, each of which emphdsgize use of different tools. Further, certain
students had more real-world experience than othigihsdifferent digital tools. For example,
Peter worked at Adobe on the Premiere Pro teanchwheant that he had significant experience
using that tool. Those differences in academic@ofkessional emphasis on specific tools
impacted the contents of each student’s personHiett.

With regard to artifacts, students created anaésggh artifacts around which the teams
collaborated as they performed task work duringé&search and ideation stages of their design
process. Those stages represent the crucial tithewtine process of developing each
deliverable when team members throw all kinds e&&lout for discussion, and they rely on
analog tools to help them externalize, discuss,naodify the key aspects of those ideas.
Whiteboard sketches, sticky notes covered withgiessieas, large pieces of paper covered with
thoughts from brainstorming sessions, and persustabooks with students’ individual ideas
drawn out are all representative of the analoggtesitifacts that these students created during
the academic quarter.

The students used those analog design artifackeeaaw materials from which they created
digital design artifacts. As they shifted from rasdh and ideation to prototyping, they also
began working with software and online tools talfete their prototyping task work. As a

result, they created thousands of drafts of thigital design artifacts leading up to specific
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deliverables that they submitted to the instrutdoassessment. Those deliverables were
invariably produced using specific tools and warersitted using specific file types.

For example, the students spent much of their tisieg Adobe lllustrator while prototyping
their ideas, but they formatted their deliveral@lesAdobe PDF files to ensure readability across
computing platforms and accessibility for the instor and other students who could not
necessarily open and read lllustrator source f8asilarly, the digital design artifacts that
students created as they developed their videotypms resulted in a host of supporting files,
none of which were submitted as part of the dediuk for the final assignment. Instead,
students submitted finished video files using dpetle formats that software tools such as
Apple Quick Time could play back successfully.

Finally, the students created and relied on a coatlain of analog and digital social artifacts
throughout the academic quarter in order to traek progress within and across assignments.
Whereas the correspondence between design stagedhtygbe was clear, there was far less
rigidity with regard to the type of social artifadhat students used during the research, ideation,
and prototyping stages of their design processlesiis individually tracked action items and
task work completion in their personal paper notddspon whiteboards during work session, on
Facebook group pages, through email conversatratitan team-wide blogs created and

maintained specifically for this design projectdao on.

Summarizing Students’ Tool-Related Decisions
Given the constellation of tools and artifacts @tatents used and created, it is important to

understand how they made decisions about whicls toalse as they collaborated on their
design projects. Those decisions led to the cneaticpecific design and social artifacts, the

design and content of which would differ dependinghe tool selected for their creation.
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The students in this study consulted their perstowbelts as they structured their task work
within specific activities. For example, Chapteshrts how Norbert from Team C constructed
his own stylized flow of task work in order to prax the video prototype he wanted to create.
He created animated interface elements using A8itdsh and static interface elements using
Adobe After Effects, and then he used Adobe Presfeo to merge both sets of elements with
the video footage that the team had produced. Mopba&ed these three tools together in this
manner partly because he made his decisions abioci wols to use based on his personal
toolbelt, even though his work process requiredgtaking manual labor and took hours just to
render a few seconds of completed video footagdofigh it required a lot of effort, Norbert
considered the end result worth the time. His apgiavas justified when Team C ultimately
won the competition within the course and preseatdtle Microsoft Design Expo.

However, students’ tool-related decisions basethein personal toolbelts were not always
final because they had to perform articulation weHen the details of their tasks within an
activity required adjustment or redefinition. Theample above in which Norbert worked across
three software tools simultaneously describes hewnbshed different tools in a specific way to
facilitate the completion of a particular activitythin the arc of work for his team’s project.

Unfortunately for the students in this study, thregshing efforts were not always so simple.
They did not always agree on which tool was beg¢gduo a specific task, or which tools should
be used in parallel for the task work associatetl wispecific activity. As described in Chapter
4, the members of Team B struggled to align teaimmibees around a particular tool (Adobe
lllustrator) because Logan did not own a copy at tbol and could not view lllustrator-

formatted files unless they were saved as Adobe ft&f=instead. As Molly from Team B
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pointed out, the team had to realign their taskkwanen sharing Illustrator files in order to
accommodate Logan’s lack of access to lllustratberefore, while students’ toolbelts did
influence their choices about which tools to adteaa use in specific situations, and their
personal preferences for particular tools predisddbem to favor certain tools over others, their
tool-related decisions also required them to pertfarticulation work and mesh actors with tasks
when necessary to keep their projects on track.

Another factor that affected students’ tool-reladedisions was the frustration that certain
students felt about the decisions that other te@mipers made. Chapter 5 presents the example
of Team A and team member Nancy’s insistence amgusticky notes during one of the team’s
first collaborative work sessions. The quote frogli&bears repeating here as it concisely
captures the frustration that the other team mesnieéirwith Nancy and her desire to use sticky
notes rather than whiteboards or large pieces pémpat that meeting.

[It's] not that we didn’t want to [use sticky nojesthink we were a little bit frustrated with

each other at that point, and we were in the miadldoing whiteboard stuff and writing

stuff down on paper, and she sort of just wantestdp us where we were and change tracks.
It was like, ‘No.” But yeah, it worked out welltimle end. (Kylie 109-113)

Nancy’s goal in advocating for sticky notes wasétp her teammates focus their energy on
writing down specific ideas rather than continuiaghink too broadly about their design vision.
In a separate interview, Nancy explained that gbd to channel the team’s tool-related decision
toward sticky notes and away from whiteboards sisadegy for getting everyone to specify
details of their design concept. In essence, hasiba to try and convince everyone else to use
sticky notes sprang from her frustration with rearhmates, who then became frustrated with
her attempt to cajole them into using a differei that none of them (aside from Nancy)

included in their personal toolbelts.
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The shift from research and ideation to prototypasks, and the concomitant shift from
analog to digital tools that occurred, had theafté encouraging the students to divide their
labor such that they focused on completing tasksvfoch they already had the requisite skills.
For example, Chapter 4 traces how the membersahTA created each of their deliverables
leading up to their final design product. Bae froeam A did nearly all of the digital sketching
as the team worked on use cases and user expeweatktaroughs for their design concept.

When asked in her interview how the members oteben decided which student would
perform each task, Anne explained that she antelenmates regarded Bae as the best sketch
artist, so much so that they did not even consadeigning sketching tasks to anyone else.

As far as sketching...it was Bae automatically beedngss an awesome sketcher. (Anne 055)
At the same time, the shift from analog to digitails also had the effect of discouraging equal
task work participation among team members. Wh&adhabout the artifacts that she personally
created for her team project, Nancy said that hegmally made none of them. She elaborated
on this point by talking about the inequity of tasrk across team members as a function of the
tool-related decisions they had made.

| did a lot of the talking...and some of the sketglun paper or whiteboards, but very little

of the creating digital [artifacts]. While | was wiang on digital artifacts, it was in tandem

with somebody else so it was usually on their caerpu. | guess | just deferred to other

people because they seemed to be a lot more attachesing their computer, doing it with

their own hands than | was. So since they caremt and | didn't really care, | just kind of

went with what they wanted to do. Like when | waskimg with Anne on stuff in Illustrator,

it was like, ‘Yeah. You can do this much fastentime so it makes sense to let you do it.’

(Nancy 279-283)
Because Nancy did not know how to use Adobe Ilaistr she was unable to contribute equally

when her other teammates who knew that softwaleatexe busily creating digital design

artifacts. Field notes support Nancy’s story: Aligh she was an integral part of the project,
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largely as a project manager by her own admissio&was not able to directly modify the
source files for the digital design artifacts amdiverables that her team created.

The unequal division of labor among students agaantis important given the research
guestions that ask how university students use taadl artifacts in the service of their
collaborative project work, as well as how theirrkwpractices inform the process of
collaboration within and across design teams. Retgrto the ideas of contested and adversarial
collaboration, it seems that the members of Teaem@aged in adversarial collaboration most
often based on how they typically worked togetlamtested collaboration is definedta® or
more actors working together on the same projeda ate attempting to address the
interpersonal differences and different work stylest make project work more challengii®y
contrast, adversarial collaboration is definedasra who must collaborate but who each have
different goals in mind. As stated in Chapter Zn&y not be possible for these actors who are
attempting to complete specific tasks togetheesmive their differences with one another.
Friendly, ongoing cooperation is not a conditiorito$ type of collaborative work; instead, the
point for the actors is to complete the projecioadimg to their goals and move on with their
lives.

As students work together, they engage in cooperaind adversarial behaviors; in the case
of Team A, the balance seems to tip toward advatdaghavior most often. This finding is
unsurprising given the stated, personal goals cif @ember of Team A. Nancy took the course
and engaged on this project hoping to develop elwcking portfolio piece. Anne had taken the
junior-level version of the same course the ye#&oree so for this course she wanted to be more

involved with the process of running everythingyessally the video creation and production
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elements required for the course. Kylie wanted totive competition and present at the
Microsoft Design Expo. Khloe had a variety of gadlat included a desire to get a good grade in
the course and hopefully win the competition, d@anest in proving her skills and value to her
teammates throughout the quarter, a need for a godfblio piece, and an aspiration to learn
more about specific tools such as Adobe PremieseBae was not interviewed, so no specific
data about his personal goals for the course walected.

These stated goals came from the interviews with student; as a team, these students
never discussed their personal goals for the cotsiheir first work session on January 12,
they talked about their backgrounds, interests,skilts, but they did not explain what they
hoped to get from their experience working as etess a result, the members of Team A never
reconciled their goals or aligned them closely oo avoid engaging in adversarial
collaboration and consistently achieving the manestructive form of contested collaboration.
This adversarial approach to collaboration occupm@ttisely because these team members did
not necessarily realize how misaligned their gaadse; none of them prioritized their grade in
the course as their most important personal gedlinstead focused on several other outcomes
that mattered more to them. For example, it issoioprising that Anne’s stated goal was to run
the team and learn how to do that across all aspéthe design process.

One of the ways in which Anne achieved her goal tvasake tool-related decisions for her
teammates, and then enforce those decisions inetywaf ways that reflected her performance
of metawork. The next section focuses specificatiythe different kinds of work that the

students performed throughout the academic quarter.
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Summarizing Students’ Performance of Task, Articuldion, and Metawork
This dissertation has traced specific examplesuafents’ tool-related decisions in the

context of their decisions to shift from ideati@sks to prototyping tasks. Chapter 5 concluded
that students decided to work on research andiaaetgtsks primarily using analog tools,
whereas they decided to complete their prototypasgs primarily using digital tools. This
decision was reflected in the consistent shifowl use that occurred when team members
switched from researching and ideating around gde®ncept to prototyping their design
ideas. When they made that shift, they also chattgeétbcus of their work from analog to
digital tools in order to support their prototypitagks. Their prototyping task work took place
within digital tools because that was how studemisle their ideas less abstract and more
concrete and polished.

However, the shift from ideation tasks to prototyptasks was not always obvious from a
research perspective, nor was it obvious to theesits themselves as to when they should stop
ideating and start prototyping. For this reasors guite difficult to specify which toolshould
be used during specific stages in the design psdoesause the space between stages is poorly
understood. It is challenging to characterize hlegvghift from ideation to prototyping occurred
judging solely by the tools that students usedHeir tasks and activities.

One way that this dissertation research addrebsesltallenge is by developing a richer
understanding of what it means when students partask work, articulation work, and
metawork on their team projects. The studentsi;ixdfudy needed to work together in teams and
complete 10 assignments for their advanced interadesign course. Because every team had
the same assignments to complete and the samerdesafdir completion, the arc of work was

the same for each team. Those 10 assignmentshilwatoterized the arc of work were the
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“activities” on which the teams of students workadd their deliverables were the products of
each activity. Although the arc of work might haxeen the same for every team, the students
pursued different design concepts, approacheditesidifferently from team to team, and
produced unique deliverables.

These differences are evident in the kinds of wbak the students performed as they
completed each activity, and can be characterigetkebcribing how they worked on each
deliverable. Activities are “made up of many tadkse over time” (Strauss, 1985, p. 2), and
each task within an activity is a discrete unitwairk that must be completed. Rather than trying
to define additional terms that separate tasksamém more atomized and contorted units of
work (e.g., “sub-tasks”), the notion of the “task’presented here as the smallest unit of
measurement for the performance of work.

The students in this study performagk work when they carried out the wide assortroént
jobs required to complete each activilyasks are not homogeneous units but are entirely
dependent on how the students decided to scopaftrerequired to complete each activity and
deliverable. For the students in this study, taskkwncluded recording video prototype footage,
sketching panels of a storyboard, or writing desttgas on sticky notes. The six teams of
students all developed different methods for tnagkheir task work; some teams (e.g., Team D)
did not bother tracking this information formallytinstead played it by edr(Baron, 229).

Other teams (e.g., Team B) outlined their enticecdiwork and the most critical tasks to
complete as a project schedule at the start odjtiaeter.

The students performeatticulation work when they identified and obtairted resources

they believed they needed to complete their task,\@ad when the local circumstances
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associated with an activity changed such that tirey to adjust their strategies for completing
the tasks associated with that activityhe contextual details of a project plan speaifyexample
of the performance of articulation work: definingpieh team member will work on each task,
the sequence in which tasks must be completedgquiesites for starting the next task, and so
on. However, no matter how clearly and specifictily members of a team define a task and the
resources required to complete it, local circumstannevitably change. When that happens, the
team members must realign resources or redefineshe as needed. All of these articulation
work performances are traceable through team mesntiscussions about how to complete
specific activities, as well as through the arti$aand deliverables they produce while working
on those activities.

For example, Chapter 5 described a typical sitnatiat impacted each team more than once
throughout the academic quarter: changes in res@wailability led to the need to perform
articulation work. Team B created a specific analegign artifact on a large piece of paper
because there were no whiteboards available farwuoek session on a particular day. After
they looked around and noticed that the whiteboasel® all being used, they obtained a large
piece of paper from an easel pad and began wovkitigthe analog tool that was closest at
hand. This is a classic example of articulationknas Strauss (1985) defined the phrase because
the members of Team B responded to local circuraesammodified the structure of the task at
hand, and completed that task in order to ens@euhcessful continuation of the specific
activity that task was a part of.

As a result of that experience, the members of TBamere much more aggressive about

using the available whiteboard space in the classr&pecifically, they took over the three
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whiteboard panels in the back of the room and tiseg those whiteboards for the rest of the
qguarter. They wrote “DO NOT ERASE” on the whitelmb@anels to explicitly request that other
students refrain from modifying or erasing the eors of those panels.

This response from Team B represents the differbat@een an articulation work
performance (which is specific to a certain acfivdnd a metawork performance (which extends
across multiple activities). The students in thiglg performednetawork when they negotiated
how project resources should be aligned across/diets, as well as why those particular
resources should be aligned in that w&ith regard to the way that Team B dominated the
whiteboard panels in the classroom, they performethwork because they attempted to align
their workacross all future activities around those whitelasmiVhereas other teams often
shifted among different analog tools depending batwas available, Team B refused to settle
for other tools and negotiated the alignment oirthetivities with and around that particular
tool.

Metawork performances can be challenging to idgmiEcause team members do not always
realize that decisions about resource alignmentasiddefinition will impact the entire arc of
work from that point on. For this reason, instanoesetawork are most clearly identifiable in
retrospect through careful analysis of multiplerses of data. Chapter 6 outlined and analyzed
four examples of students’ performance of metawioak, taken together, explain how they
relied on specific tools as allies, as well as llbgy attempted to use specific artifacts as
conscription devices in order to enlist other ax&s allies who would concur with their design
ideas. They also attempted to rationalize detéitear projects in order to simplify their

metawork performance.
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Specifically, students engaged in three kinds tdmnalization: segregating, standardizing,
and coordinating (Gerson, 2007, p. 198). The stisderthis study engaged in segregating
rationalization whenever they divided up task wsukh that the students who were the most
adept with the tools required to complete givelkggserformed that work. This form of
rationalization harkens back to the ways in whizdmembers of Team A collaborated with one
another as they developed their deliverables througthe academic quarter.

By contrast, the members of Team B engaged in atdiming rationalization when they
decided to create and use a Facebook group pageamsmunication channel during, and even
after, the academic quarter. Although they diddistuss their use of Facebook in these terms,
the members of Team B selected this online toalipety because their creation and use of a
group page as a digital social artifact helped tstandardize the myriad ways theguld
communicate about their design project. They déduto the use of Facebook as a tool, and the
use of their private group page as a digital sauitilact, for team-wide communication from the
start through the end of the quarter.

Finally, coordinating rationalization occurs wheam members continuously “[refine]
relationships so that they are particularly weitedito their situation” (p. 198). Delilah from
Team D engaged in coordinating rationalization whlea actively curated her team’s
discussions by writing notes from specific workssess on a whiteboard. She situated herself as
the note taker so she could embed her own ideas #imteam’s design vision into the notes
that she took by excluding or restating the palrth® discussions that did not align with her way

of thinking.
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Summarizing the Research Contribution of the Disseation
As stated at the outset of this chapter, the oghnag research question for this study was as

follows: How do university students use different tools anartifacts for their collaborative
design project work? This dissertation addresses this question by d@sgrhow the students in
this study performed task work, articulation waakd metawork as they consulted their personal
toolbelts, decided which tools to use, and thereliged artifacts using those tools, all in order
to create the necessary deliverables and finagdgsioducts for the course they were taking.
Their personal goals for the course and their ptsjalso affected the variety of project-related
decisions they made, as did the issues of authamidycontrol with which they grappled as they
worked with one another on their design projects.

Therefore, the central research contribution of thesertation is to establish a representation
of collaborative project work that comprises thidieing parts:

o Different types of work — task work, articulation work, and metawork

e Different types of tools— analog, digital hardware, and software and enlin

o Different types of artifacts — analog design, digital design, analog social, @gital

social
e Different stages of the design processresearch, ideation, prototyping, and
presentation/assessment, as well as iterationghomut the stages

Specifically, this dissertation describes the \gated relationships among different types of
work, the different types of tools that studentesghto use as they created different types of
artifacts, and how those decisions and types okptayed out differently depending on the
stage of the design process. Additionally, theestitisl decisions about how to structure their task

work influenced their choice of tools; those chsigeturn influenced the students’ processes of
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artifact creation as well as their performancerttalation work and metawork. This
dissertation documents the reflexive nature of thktionship among students’ tool-related
decisions, artifact-related creative processescalidborative practice.

Furthermore, the students’ decisions, processespattice change as a function of their
shifts among stages in the design process. Wheerstisi shift from ideation to prototyping, for
example, they also shift from analog tools to safevand online tools. This decision to change
tools also impact their artifact creation processas$their collaborative practice partly because
the students physically orient their task work awddigital hardware tools rather than analog
tools. Another contribution of this dissertatiolnem, is to describe how students’ use of tools,
their decisions to use specific tools, their ci@abf artifacts, and their collaborative practice c
evolved as they completed their design projects.

However, the students did not always reflect onctigracteristics of that evolutionary
process as they completed their projects. For el@grsfudents made some of their tool-related
decisions without regard for future activities, tpadarly when they just needed to get specific
tasks done. In those cases, they made snap decahont which tools to use without discussing
the decisions and without considering the consetpgewith regard to how the tool would
format the artifact or constrain their creativiéyt. other times, as with Anne and her use of
Adobe lllustrator, the choice of tools was quiteentional as a limiting factor with regard to how
other team members could even participate in tslewisork being done.

Finally, this dissertation further develops theviowasly undertheorized concept of
metawork, as well as its application to understagdiow the students in this study collaborated

on their design projects. In particular, the firghrpresented in the prior chapters surface



287
students’ metawork performance throughout theijguts and at different times during different
stages of their design process, as well as thdicatnons of the fact that they were not always

aware that they were performing metawork.

Study Limitations
This study had a number of limitations that shaghedanalysis and findings presented here.

For example, the setting for this course was am@ackd interaction design course with a mix of
senior undergraduate and graduate students froemsmademic programs. This study
population is relatively heterogeneous; it mightdnbeen preferable to have had students who
were from the same academic program (e.g., InteraBtesign) and who also had
approximately the same levels of professional aadlemic experience.

The reason why a more homogeneous population rmayhe been preferable is because of
the focus in this study on tool use and artifaetion in the context of a collaborative design
project. It would be worthwhile to study studentghmsimilar backgrounds and knowledge bases
to see how they approach their project work in whgs are both similar and different depending
on local and project-wide circumstances. Given thigtproject was qualitative and was
informed by ethnographic methods, however, theivelly heterogeneous backgrounds that
students brought to their projects exposed a waofkivork practices worth reporting.

Another limitation is the fact that this study haaly one researcher working on it. There
were six teams of students, and these teams miegdand outside of course hours, making it
challenging for the researcher to be present ameditings in all locations. The solution was to
focus on two teams (Teams A and B, as describ&hapter 5) and gather rich information
about those teams’ members through more focuseshaii®ons. One of the ways in which the

researcher dealt with this limitation was to lendia recording devices to the members of
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Teams A and B so they could record their offsiteetimgs and so the researcher could review
those recordings later.

A third limitation relates to the structure of tbeurse that the students took, and how many
of the students had actually taken a similar cothreg/ear before that was designed for junior-
level (rather than senior-level) design studeniss $tudy would have benefitted from a
comparative analysis of how students went abourt pneject work as they worked on multiple
design projects across two different courses. Adamwever, because study resources were
extremely limited, it was not possible to take aelongitudinal approach to this research.

One way to address this limitation would have beestudy two different courses
concurrently and answer the same research quesisomg both subject populations. This study
was initially designed to do just that: The reshagetting initially included an advanced
interaction design course and a human-computeraiction (HCI) course. The researcher sat in
on course sessions for both of these courses dilmanfirst four weeks of the academic quarter
before the decision was made to stop observingilecourse and focus on the design course.

The reason was, again, related to the limited messuor this study.

Directions for Future Research
The concepts that have been developed in thisrthsie® suggest a number of directions for

future research. For example, the concept of tbibédit deserves further exploration and should
be accounted for when study materials are beingldped. Future studies of students’ use of
tools should be designed to capture their toolgrezfces, habits and practices of use, and
reasons why they would be willing to consider usiegv tools. All of these data would be best
aligned around a standard typology of tools sucth@®ne presented in Chapter 4 so that the

concept of the toolbelt could be formalized or @penalized for future studies. Such studies
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could make use of an elaborated version of thisgphas a way to characterize the power
dynamics, as well as issues of authority and carttrat play out when members of design teams
attempt to collaborate with one another.

This point about collaboration suggests anothection for future study: exploring and
characterizing different forms of collaborationg(@ contested, cooperative, adversarial). The
CSCW community would benefit greatly from a rettortheorizing about the nature of
cooperation and collaboration, along with a reatasition of whether the phrase “collaborative
work” should replace “cooperative work.” As discedsn Chapter 2, it is possible to regard
cooperation as a quality of collaboration; futungdges should gather empirical data that can be
used to probe these differences and establishecldatinctions between forms of collaboration.

Further research into metawork would also help CS&e&Wolars better understand when and
how students negotiate authority, control, and pasehey struggle to collaborate with one
another. For example, instructors who develop ttairrses around project-based learning
methodologies of instruction should explore altéugaways to engender learning behaviors
among their students. The results of this studigdase the conclusions of Volet and Mansfield
(2006), who suggest that students who collabonatieam projects try to avoid an equitable
division of labor. Instead, they parcel out tas&sdal on which student has the most relevant
skills and is most adept with the required tools.

As they made clear during their interviews, thelenis in this study were motivated
primarily by their desire to generate portfolioges or win the competition, and secondarily by
their desire to learn new tools (if they mentiotleat at all). Stated differently, they operated in

the mode of students who needed to pass a couhss than learners who wanted to understand
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how certain aspects of their design process andkeata practice could be improved. Rather
than spending their precious time trying to addsoo their personal toolbelts, they were instead
focused on completing the specific tasks for the deliverable, week in and week out. When
they did try to learn new tools, they expressedppintment because other team members
actively realigned actors and tasks in order taicedearning opportunities and keep their
projects running as efficiently as possible.

Again, an opportunity for future research existthatintersection of project-based learning
pedagogy and the ways in which different pedagdgipproaches can convert students into
learners. In particular, given that the studewse performing articulation work and metawork,
an opportunity exists to formalize their practiceumd those types of work so that students can
become aware of their performance of types of vabhler than task work. Specifically, it would
be valuable for educators to teach these skiltsformalized way to design students.

Similarly, developers of software and online tamksant to facilitate collaboration can help
students become better designers by surfacingleiormance of articulation work and
metaworkas it happensBy helping students understand the downstreanfications of their
decisions to enlist specific tools as allies ouse specific artifacts as representations of their
design concept, they can make those students alaadrhey are potentially engaging in the
performance of metawork. By interpreting specifioltrelated decisions as the performance of
metawork, for example, groupware developers gaoveerful analytical concept that can lead
to novel design interventions and approaches gmstastudents as they learn how to collaborate
with one another. Although future research is ndedeexplore the application of metawork in

this context, the possibilities are certainly exgt
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Finally, for members of the CSCW research commultiig dissertation is a call to action
regarding the need to continue exploring the coneckmetawork, particularly how and why
members of teams perform metawork when they coligboGerson (2007) suggested this term
several years ago, but the term has not gainedreywithin the CSCW research community.
Given the importance of metawork to the preserdgaesh project, it seems appropriate to
continue theorization about this concept basednaga empirical research. It is presently
unclear whether it is even possible to operatiaeadind study performances of task work,
articulation work, and metawork in a quantitativeywFuture research should strive to make that

possible.
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Appendix A — Final Survey Instrument

Question 1.
Please enter your first name

Question 2.
Please enter your email address:

Question 3.
Please enter your gender:

Question 4.
Please enter your age:

Question 5.
Which country are you a citizen of (e.g., US, ChiGarmany)?

Question 6.
Please enter your ethnicity

Question 7.
What are your current school/college and departahaidiiliation? (School of Art — Industrial
Design, School of Art - Interaction Design, CollegfeEngineering - Computer Science and
Engineering, College of Engineering - Human Cemtéesign & Engineering, iSchool —
Informatics, iSchool — other, Other)

Question 8.
What is your current grade level? (1st-year, 2nary8rd-year, 4th-year, 5th-year, 6th-year
or higher)

Question 9.
What is your current degree program? (Bachelorrtg,MBachelor of Science, BFA, MFA,
Master of Science, PhD, Other)

Question 10.
List the information technologies that you use tagy for school-related work (e.g., pad of
paper or paper notebook, laptop, iPad)

Question 11.
List the software applications that you use redular school-related work (e.g., Dropbox,
Google Docs, Adobe Photoshop):

Question 12.
List the information sources that you use reguléstyschool-related work (e.g., course Web
sites, ACM Digital Library, specific blogs, textbks Wikipedia)
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Question 13.
Please explain how you decided which other studgmisvanted to work with in a group for
this class
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Appendix B — Final Interview Protocol

Let’s talk about the group project you recently conpleted in your advanced interaction
design class. Your real name will never be publisideand | will not share your answers with
other group members or classmates.

1. What were your personal goals for this project?
a. How did the possibility to learn new skills factato your goals for this class?
2. How did your group determine which activities eaobmber would perform?
3. Tell me the story of how your group decided whionaept to explore for the project.
a. (follow up on any tools or artifacts that the inMiewee mentions when answering)
4. How did your group keep track of the overall visfon your final design and product?
5. How did your group track the progress you all matide working on different
activities?

Let’s talk about the tools and artifacts you and tle other group members used and created.
Your group was asked to turn in several deliversl#ading up to the final video prototype,
process book, and presentation slides. Aside fr@set deliverables, you and your group created
a number of “artifacts” while working on this projesuch as paper sketches, whiteboard
drawings, photos, and so on. You probably usediatyaof tools to make these artifacts, where
a “tool” could be any type of technology, like asth pad, or a laptop, or a Pinterest pinboard,
or Adobe Acrobat, or anything else that comes tadniet’s take a look at a specific

deliverable, the conceptual model presentatior yiar group created and talk about the tools
and artifacts that got you there (bring up on styee

6. Tell me the story of how your group created thisaaptual model presentation.

7. What tools did you and the other group membergasesate this conceptual model?
a. How did your group decide to use these tools?

b. Describe all of the tools you used to keep in towth your other group members.
c. How often did you abandon a specific tool in fasbanother one?

8. What artifacts did your group make in the procdss@ating this deliverable? For
example, a whiteboard sketch might have led talaa that you eventually added into
the deliverable.

a. What tools did you use to make these other artifact

9. What artifacts did you personally create in thecpss of making this deliverable?

a. What tools did you use to make these other artfact

Wrapping up.

10.How do you feel about the project that was seletddzke shown at the design expo?

11.1s there anything you would like to add? An intéiregs experience we haven't talked
about?

12.Can | contact you via email later if | need to iflaany of the information we discussed
today?



