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ABSTRACT

There has been a growing interest to develop tdobgies for

laboratory environments. However, existing systemesunder-
deployed in real research labs. In order to creaigre

successful technologies for the creative laborasmtging, we
need a deeper understanding of the values of tearehers we
are designing for and the unique roles of technologthe

research laboratory. Our three-year ethnographidysof a

biomedical engineering (BME) lab contributes to Bung this

foundation for future design. Drawing form a distried and
situated cognition framework, our analysis hightggthe ways
in which technology is integrated into the researshdaily

practices. This study is one of the first deep eginaphies of a
laboratory culture with a central focus on techggloand

provides several insights for the design community.

Categories and Subject Descriptors
H.4 [Information Systems Applicationg: Miscellaneous

General Terms
Design, Experimentation, Human Factors

Keywords
Ethnography, Research Laboratory, Distributed Commjti
Appropriation, Creativity, Values

1. INTRODUCTION

In recent years, there has been a growing intémedésigning
ubiquitous computing systems for research laboegdd, 11].
Researchers at both Intel and the University of \Wagbn
developed the LabScape system, the largest and welbt

known project in this area. This system, informeg¢g b

observations of researchers in a biology lab waensghly
designed to support scientists in their daily wdrtke observers
noted things such as the number of times scientistdd move
around the room during an experiment. This foumdatied
them to design a system that primarily focuses aaking
recording data from experiments easier and moegjiated into
the laboratory environment via tablet computersweler, in
over 3 years of ethnographic study of 2 BiomediaajiReering
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(BME) laboratories we did not see these types akesys. Part
of the reason that these kinds of technologies hatdecome
more commonplace in science and research labs daube
these labs are very different from typical work ieonments.
Thus, while HCI has a rich history in designing wmece
systems, creative environments such as the BME aatigyr
challenge the methods used in traditional HCI ardkihds of
systems that are developed.

In this paper we present two case studies fromtloge-year
ethnographic study of a tissue-engineering laboyatba major
research university. In section 5.1 we will discugse
“Mechanical Tester,” a custom instrument designadi lauilt by
BME researchers to determine the ultimate tensiength of
their engineered tissues. Appearing to the compstantist
outsider as somewhat of a hacked together mess, thi
technology is actually vital to many different labembers’
projects and has been established as a key ingitiméhe lab
for several years. In section 5.2 we will discussiech newer
technology, the compression bioreactor. This igrestrument
designed to apply compressive forces to progergtls in
hopes of promoting differentiation into a cell typeeded by
the researchers. This instrument was still undersitaction
during our time in the lab, and provides a windatoihow new
technologies become a part of the laboratory.

Our goal in presenting these case studies is nevatuate any
one technology. Instead, we use the case studigsatacterize
the creative environment and illustrate the wayt thifferent

types of technology are (and are not) successfatiggrated
into the everyday practices of the researchershi;yway, we
establish the scope and nature of some of the emabfacing
technology designers. Our analysis of the technoiofused

research laboratory leads us to two central finglifigr to

technology designers.

First, we find that the values embedded in manystig
technologies and design principles do not aligrhwlite needs
of participants in our study. In particular, incsed efficiency is
frequently a goal (both explicit and implicit) oédhnology
design generally [7], as well as for systems deedo
specifically for researchers e.g. [1, 11]. Howeweg,found that
the researchers with whom we worked did not appteci
efficiency-promoting interventions — even when veénped out
to them what seems the “obvious” value and thegedyrWhile
the typical workplace may be characterized by igpet of
relatively static tasks, the nature of creativeiemments is one
of innovation and change. Therefore, when desigrforga
creative environment, like the research laboratalgsigners
should be careful not to over-value efficiency ocoquctivity.
Instead, what we founds important — and paramount to
efficiency or productivity — is that technologiee a&apable of
evolving alongside the changing environment and kwor



practices. Deep ethnography is particularly welitesl to
uncovering such tacit values and design needs.

Second, we find that part of what underlies theieggions that
efficiency is centrally important, is a notion theatcomputer is
merely a tool — like a calculator — onto which onay offload

some mental or physical task. While computing tetbgies

are certainly useful in this way, we found that ythare

sometimes much more integral to the work of redearcin our
study. Some of the more central technologies in Idie
environment function as what we term “cognitivetpars” in

the daily practices of BME researchers. These tdolgies

embody the knowledge and hypotheses of the |labpamtiote
and scaffold scientific exploration and creativi§onsidering
this more integrative role for technology in dagyactice can
help designers to create better-suited devicesratidiments.

2. METHOD: COGNITIVE HISTORICAL

ETHNOGRAPHY
As noted by other researchers [4, 26], technologgighers

today are commonly using methods from social s&enc

disciplines in an effort to better understand pt&nuser
groups. Our methodology, cognitive-historical ettraphy,
draws from work in cognitive science, anthropolognd
history & philosophy of science.

To set the stage for our analysis of the laborapoagtices, we
need to take a brief excursion into the foundatiohsognitive

science. Traditional cognitive science researclengits to

isolate aspects of cognition, such as memory agoaization,

to control their investigation in experiments coatdd mainly

in psychological research laboratories. Althoughditional

studies are still the mainstay of cognitive scienttee last
twenty years have seen a move towards investigatioh
cognition in authentic contexts of human activitycls as

learning and work. This new research can be cleriaed as
attempting to account for the role of the environmgsocial,

cultural, material) in shaping and participating dognition.

These accounts construe “cognition’ as embodied, (8g, [3,

14]), enculturated (See, e.g., [22, 24]), and s#tdgSee, e.g.,
[9, 16]). We call accounts within this emergerde@rch area
“environmental perspectives [18]". Such perspestiliave also
been of growing interest to researchers in HCl-eglareas [23,
10].

In contrast to the standard construal that cogmifivocesses
operate on representations “in the head,” environiate
perspectives maintain that cognitive processesatamntreated
separately from the contexts and activities in Wwhiognition

occurs. As Lave contends, “[c]ognition’ obseniadeveryday
practices is distributed — stretched over, notddidi among —
mind, body, activity, and culturally organized s®t (which

include other actors)” [16]. ‘Cognition,” thus, cpnses a
complex system, “stretched over” what have custdynbeen

thought of as “internal” and “external” represeitas and

processes.

This study builds on the work of cognitive scietstissho take
an environmental perspective, in that we view thle &s an
evolving cognitive-cultural  system. We
researchers’ problem solving practices as situatedocial,
cultural, and material environments and as distetuover
researchers and artifacts. Cognitive processes taeneated
separately from the contexts and activities in Whiognition
occurs. Therefore, our analysis has focused nog onl the
researchers practices, but also on the technolagitifacts that
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examine the

push research activity and are shaped and re-shiapebat
activity.

We are examining multiple cognitive systems conipgi®ne or
more researcher and the cognitive artifacts inwblve a
problem-solving episode; where ‘cognitive systemafe
understood to be “socio-technical” in nature [184 &cognitive
artifacts’ are material media possessing the civgnfiroperties
of being, generating, or manipulating representatio

However, we find in thinking about cognition agunctions in

this lab that current conceptions of distributegrdtion in the

literature are not fully adequate in that their noels fail to

provide for systems that are evolving in time. ndées of

cognition in work environments, for instance, tloekpit or on

board a ship [12], it is often the case that tiieasions change
in time. The problems faced by a pilot changehasis in the
process of landing a plane or bringing a ship i@ harbor,
but the nature of the technology and knowledgéefdrew are
relatively stable. The cognitive system is dynaryet largely

synchronic. To understand cognition in the BME labory

requires seeing that the situation is dynamic dadhdonic. All

the components of this kind of cognitive system argd

progressive change. The technology and researchave

evolutionary trajectories that must be factoredo inthe

understanding of the cognition at any point in timeur

analysis of the cognitive-cultural systems in thie &s evolving
adds a novel dimension to thinking about distridutegnition,

and also to methods for studying such systems.

In carrying out a long-term investigation of thypé of system a
mixed-method approach is required. We conductedh bot
ethnographic studies of the day-to-day practices“aagnitive-

historical” analysis [17] of the problems, artifacand models
employed in research. The ethnographic part of shely

(observations and interviews) seeks to uncoveratttevities,

tools, and interpretive frameworks that support tb&earch as
they are situated in the on-going practices of abmmunity.

The cognitive-historical part of the study includedllecting

data from traditional historical sources, includipgblications,

grant proposals, laboratory notebooks, and teclydb

artifacts. In doing so, we aimed to capture thechtianic

dimension of the research by tracing the trajeetodf both the
human and technological components of the labgrator

3. THE RESEARCH LABORATORY

Our research group has studied three interdiseipfin
laboratories, however, for this paper we will focusone site, a
tissue-engineering laboratory, “Lab A.” Lab A habraad goal
of developing a method for engineering living, dedlsed blood
vessel substitutes which may be implanted in hupetents,

for example, as a part of by pass surgery. Ongmésgarch in
the lab is quite diverse, ranging from the “basiessce” of

understanding the function and behavior of theedéffit cells
that make up the cardiovascular system to workiog the

mechanical issues involved in artificially growing three

dimensional living tissue.

While these are “engineering researchers,” theykwoa space
that shares many similarities with the lab studied the

LabScape project. They work with cell cultures aighes in a
space full of hoods, incubators, test tubes andamiopes.
Mixed into this environment we find myriad compwgin
technologies.



Figure 1: A hood in one corner of Lab A.

As STS researchers have established previoushl3h, we
found in our study that BME research does not prbcksvn a
neat and orderly trajectory as in the idealized ehaif “The
Scientific Method.” In the real laboratory, expeeintal
practices are not stable and hypotheses are raedlyormed at
the start of a research project. However, thisatterization of
scientific practices does not seem to have madeiith beyond
these social science fields and so we to brieftjress it here.

Although there are standard protocols for simplsags, the
experiments that make up the heart of the resea’cherk

involve much more fluid activities. In the cuttirglge research
laboratory, the work of the researchers includes ¢treative
process of coming up with and establishing newtacThis

is especially true of the kinds of interdiscipliparesearch
laboratories that we study, where the over-arctaggnda is
design and re-design of hybrid bio-engineered dmvifor

conducting experiments. Many experiments begin aitha

well-formed, clearly defined hypothesis, and theesrchers
themselves will often say that they have no hypsithat all,

much less a detailed plan of action for an expermdés

outsiders we may be able to construct hypotheseghtam,

working backwards from what they are doing, bug ithportant

to note that they would not do so on their own.

As designers, it is crucial that we understand hexisting
practices work in order to create new technoloties will be
successful in the laboratory. We need to be awdr®uo

preconceptions about scientific method as we canduc
A system designed around

ethnographic observations.
hypothesis testing or strict experimental designtagiht in
textbooks would not function in the BME laboratory we
observed it. Rather, any technology designed fa kimid of
environment must be built with the fluid naturetioé practices
it must support in mind. As researchers innovat g&in new
knowledge, technologies and practices must co-eviaveflect
the shifting knowledge base and adapt to the nesgtipns the
researchers seek to answer.

4. TECHNOLOGY IN THE SCIENCE
LAB

We will first overview of the kinds of technology ithe lab
before presenting detailed case studies of two ifspec
technologies. The researchers in Lab A come frorariety of

backgrounds, but most are engineers of some kifte T

objective of the educational environment in whitle t_ab is
situated is to create truly interdisciplinary rasbers,
biomedical engineers who are integrative think@tse nature
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of the research problems being addressed demamadsthé
researchers both understand and work with compiaedical
systems as well as understand, design, and rerdesigplex
engineering systems.

Along with learning sterile technique and cell auitg, getting
an education on the devices is also a part of bempra
member of the lab. One of the researchers reflégis
requirement as she discusses the process of enteenab, “as
a new student in the lab you want to understandt’s/teeen
done, so, understanding the equipment that is asedhow
people derive their results is super helpful irnnking about]
what you’re going to do for your own project — dyre going
to use similar tools and improve them or build upemat's
been done.” That is, defining one’s research isalygabout
determining the technologies that will be used tas iabout
defining a specific question with respect to thedimvascular
system. Researchers must understand what has cdone aed
appropriate design history as they construct newicde and
modify existing ones. Problems lend themselves edamn
technologies, but the technologies also shape thdskof
questions that may be asked as well as how thanssas will
answer them. In this environment where work, leagniand
innovation are tightly coupled, technology becomese than
simply a tool to accomplish some task, rather,sittightly
integrated into the laboratory practices of innmmatand
learning.

During the first year of our ethnography in Labwe had the
scientists perform a card-sorting task to help ndeustand the
different kinds of technology in the lab. Duringrasearch
meeting with the laboratory members, including ®k we
asked them to sort the material artifacts in thieolatory
according to categories of their own devising aadkrthe
importance of the various artifacts to their reskar Their
classification in terms of ‘devices’, ‘instrumentsand
‘equipment’ is shown in Table 1.

Table 1: Categorization of Technological Artifacts

Devices Instruments Equipment
The Flow Loop C_:onfocal Pipette
Microscope
Equi-Biaxial Strain Flow Cytometer Flask
Device
Construct Mechanical Tester Water Bath
Pulsatile Bioreactor Computer
LSM 5 (Computer Camera
Program)
Based on our, additional ethnographic observationsl a

interviews we have formulated working definitions the

categories employed by Lab A’s researchers. Inamatysis of
the lab we find that théevices in particular, are significant
cognitive artifacts. As engineered facsimiles, tlseyve as in
vitro models and sites of simulatiomstruments some of
which can also perform as cognitive artifacts, aottrand
process information, generate measured output, emable
simulative manipulation. Onlyequipmentserves merely to
assist with manual or mental labor.

Most off-the-shelf purchases that the lab uses ifath the
equipment category. Devices and Instruments, on other
hand, may be purchased, but more commonly are yhighl



customized technologies, or even made entirelyomsk. These
custom technologies will eventually become sites
experimentation where researchers will manipulatiaed cells
and tissues. However, the process itself of crgator
customizing technologies is important as a way fbe
researchers to explore and deepen their own uaaelisgs not
only of physics and engineering concepts but afsbein vivo
world they are simulating. In this sense, desigrand building
these technologies is also an important site oEexgentation.
Creating a new instrument or device is a way of elglny
one’s ideas and hypotheses, and exploring themirwitie
constraints of the physical world.

The researchers embed in these technologies mudheaf
understanding of tissue engineering and blood Velsgamics
as well as their experimental hypotheses. Thus,members
must create and continually refine these devicesrstruments
as they make advances in knowledge and evolve shigntific
practice.

5. CASE-STUDIES

The way that researchers worked on two of the foedaal
problems for the lab demonstrates the specific wtys
technology functions in the lab. In the followinga sections,
we will overview the problems faced by the scidstistom a
research standpoint and then we will elaborate wo t
successful technologies designed to solve theddgms — the
mechanical tester and an un-named bioreactor, whitcall
the “compression bioreactor.” A “bioreactor” is, age lab
member explained, “anything that does something tiesue or

of

a construct containing cells,” where “doing something” means

applying some force (e.g. compression).

Both of the instruments that we will be discussietphg to the
class of devices and instruments called “bioreactomhe
Mechanical Tester (MT) is an instrument that pukie lab’s
tubular constructs apart until they break to tést ultimate
tensile strength of the cell matrix. The compreasdimreactor,
applies the opposite force. Its purpose is slightiiferent,

however, in that it does not test some featuresoaftructs to
see how similar they are to real blood vessels. dRath

compresses engineered tissues containing progeatisrwith
the hope of altering the cells — coercing them éodme more
like mature blood vessel endothelial cells. Whiles particular
bioreactor was not in the lab at the time of thel cart activity,
we presume that the scientists would have cladsifieas an
instrument. Unlike the pulsatile bioreactor, a deyi the
compression bioreactor was not designed to simsiateein

vivo process, but rather to manipulate cells and premot

changes in a contrived manner. Thus, althougheésdambody
some knowledge or at least a hypothesis about steiin
differentiation, it is less like the devices in th& not meant to
be an engineerdacsimile

5.1 The Mechanical Tester

In their work to create blood vessel substitutbs, $cientists
still struggle with fabricating a construct thanoaithstand the
intense forces generated by a pumping heart. Irsénece of
testing varied constructs for strength, the lab tleseloped
what they call the mechanical tester (MT). We puasly

1 «Construct” is the term that the Lab A researchess to

describe theiin vitro models of blood vessels. One objective

of the lab is improving the construct to share nun@perties
with in vivo blood vessels.
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thought that a new device made by the Instron Comnjaud
purchased by the lab in 2002, would replace the [¥9].
However, years later, the Instron sat on a shethéback of
the lab, playing no role in mechanical testing, latthe MT
remains in near-daily use, and is located centrailythe
scientists’ workspace.

Figure 2: The two halves of the Mechanical Tester. Othe
left are various cables, a voltage meter, and the @ that
serves as the main output. On the right is the insiment
itself. Compare to Figure 3.

The MT is a clunky cobbled-together looking piecé o
technology. It has a long history, originating imad down the
hallway and moving to Lab A when an ambitious getdu
student saw the potential for using it in his owarkv Today
the instrument consists of a variety of componeatkijed by
students and researchers over the years. Esseritialle are
two main parts — a typical desktop computer sitshl@nbench
top to the left and then the site of experimentatio the
stretching hooks and accompanying sensors — ar¢ooffie
right, on a low shelf. Between the experimentatiib@ and the
desktop computer are a variety of cables and aovidenera. A
voltage meter is even perched atop a shelf on &netb top
lending an extra display.

In order to use the MT, the researcher first tdi@sconstructs
and slices them into small rings onto which sheeglgmall
black beads. The mechanical tester has two hooksnerged
in a chamber filled with liquid, and using calipeshe gently
attaches the construct ring to each hook. Thenrebearcher
must calibrate the video camera (using a rulertbeccomputer
monitor), open several command prompts on the WisdeC

and then simultaneously start multiple programdeAthe MT

breaks the ring by pulling the two hooks apart, tiser will

move output values (data from a video analysis ramogas well
as data from the voltage meters) into an Excelasjsteeet and
then use a series of custom macros to manipulateativ data
into something more meaningful. The researcheratspthis
process for each ring. She also needs on hand aspeme
printed sheets for recording intermediary data, arfénd held
calculator... and some shacks — one experiment t4ReS0

hours all total.

Stress, strain, and ultimate tensile strength -véiees that the
MT measures — are standard tests performed in NMéga
Engineering among other fields. In 2002 the lahidkgtto buy
a machine to replace the MT. They decided on oiile iputhe

Instron Company, and spent quite a bit of money oseal one.

The instrument has an integrated keypad and limiisglay
mounted just next to the experimentation site, digplays
more detailed output on an attached PC. It is bihsitzetter”



than the MT in every measurable way. It has a @eanerface;
it's easier to use and to learn to use; it's maifecient; it
generates data that is both more accurate and pnecese; and
it even spits out numbers in a variety of ready$e-graph and
table formats. The researchers recognize thesagst®e and
describe the generic software that it came withné&se” and a
“piece of cake” — probably not how anyone wouldalié® the
custom software that operates the Mechanical Tester

However, the Instron never replaced the Mechariieater, and
now that we have a better understanding of theieeegpace of
the laboratory environment, we can understand Wtdoes not
integrate well into their existing practices, definover many
years in response to research questions as weln@®
pragmatic issues of dealing with 3-D engineereduis. The
following conversation between two researchers detnates
that the gains in efficiency, accuracy, and easessf of the
system do not make up for the lack of integratioto iexisting
practices. The conversation started when an unadugte
researcher said to a more senior lab member “Itdo@w why
you guys don’t mechanical test [with the Instron]”

Senior Lab Member (S): So, you know, we need a
bottom hook. You know, right?

Undergraduate (U): And you need the...

S: Our system [the mechanical tester], the hook, you
know, moves at the bottom. It moves on the bottom,
so to change it to the top... but it [the hook] netds
be enclosed. So the thing is how do we get in there
load it, if we have the bottom hook stationary vs®
need it to where it will remain. It needs to remain

At this point the undergraduate started to segtbblems that
would require significant changes to the machinefythe
Instron if it were to replace the MT, but he triessuggest ways
of fixing them.

U: Ooh yea

S: And it has to

U: So you need like a door that you can open and
then close it

S: Yea, but—
U: [And you'd need] a gasket and fill it

And then his inexperience with the detailed esshigd
practices of the lab begin to show.

S: So the thing is loading it is really hard, you need
the solution to load it, to help it, [the constijuapen
back up.

U: Oh really?
S: So | don't know if you use our tubes
U: | don’t do tubes

S: Our tubes are kind of weak, so when you take them
out of water, they do this, (claps hands) go It t

U: Since they're wet, they just kind of stay

S: So that's why we actually fill the chamber firktt

it open up, and then put it on, so that's why wedki
of been avoiding this thing [Instron], cause no one
wants to design something that'll work. So | mean,
ideally, our arm is not going to go up to the top

U: Just build a big cage for it [The entire Instramd
you can turn it the other way
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S: Rotate it as needed.
Both: (laugh)

S: So yea, that’s the issue, | think that [Researcher2]
you know was the one that ordered it and she was al
gung-ho about it, and then it kind of got passedoon
me, maybe if | do a fixture, and then [Researcher3]
got here and she was like oh yea | can

U: You guys are all mechanical engineers. You
should figure something out.

S: | know that's what we were, all say, oh ME
[Mechanical Engineers], oh no, well [Researcher2]’s
not an ME, we said oh yea we can do this and this
and oh yea we can do this, and then, you know, you
see what's happened. It sounds easy, and it sounds
really cool, but...

Although the machine works for tensile tests ot jaisout any
material, it does not work for “our tubes.” In af its clean
black-boxed beautiful design, it is closed off e tresearchers
and their need to appropriate it and integratatid their own
work, and for no lack of ability, inexperience dfoet on their
part. These are people trained in mechanical eaging
among other fields, who have built numerous complexices
for the lab, but modifying the Instron proves totbe difficult a
task.

In conclusion, the scientists are both unwillinglamable to
change their practice to match the requirementshisf nice

fancy new technology. They embed much more than the

specific hypotheses they are testing in the deviees

instruments that they build. The technologies anbadiments
of all of the knowledge and practice that intersecthe site of
experimentation. In the case of the mechanica¢teis design
has roots in both the in vivo and in vitro world$ the

researchers. They use it to see if their constrwdsld

withstand the forces of human cardiovascular sygtemif they

at least getting closer to that goal). When thegidksl that
testing local strain might be more beneficial thieair original

single measurement, they added a video cameratMihand
small black beads to the construct to allow thentegs strain
along the sides of the construct as different fisimin at the
hooks. It must be able to work with their constsyend all of
the limitations that come with. The original MT, ik¢ha jumble
of parts and “difficult™ to use, has evolved ouéne along side
the lab’s changing practice and knowledge in a Weat the
Instron seems not to fit in. That is not to sayt tha outside
technologies can fit into the lab. A standard degl®C is, after
all, a major component of the MT. However, techgads that
will be successful in creative environments mugipsut the
kind of evolution and appropriation that users dedn&om

their tools, and, as we show next, the researcgpsopriated
the Instron for use in answering a new researchstipe

though in a quite different way from the originateantion in
purchasing it.

5.2 Designing a Bioreactor

Another fundamental problem for the lab is comiqwith a

source for a large number of endothelial cellse-gpecial cells
that line every blood vessel in the body and regutiotting. In

order to combat rejection complications involved thwi
implanting fabricated blood vessels into a humanybadhe

researchers would ideally like to devise a way lbtam cells

directly from a prospective patient.



One potential source is the endothelial progerdtis that, at
varying stages of development, are either in theebmarrow,
or circulating in the body’s blood. A researchesdééed these
to us as “like an adult stem cell.” That is, theg aot stem cells
as we discuss in the popular news, that may diffeate into
any cell, but rather, they are already on their veayecoming a
blood cell, but all of the characteristics of ertd#ial cells are
not yet developed, and they do not function prgopéfl
embedded in construct walls as immature cells. @rle post-
doctoral researchers in the lab has been succassfalising a
way to cause the differentiation, however, thecpss is
tedious, labor intensive, expensive and thus intmac —
“you’re not gonna see, an implant company doing.'thfter
reading about researchers at another institutioro wiere
successful in causing differentiation of other £@fito ligament
tissue via the application of mechanical forceq) tesearchers
in Lab A set out to see how mechanical forces walffdct
their marrow progenitor cells.

The focus of our analysis is data collected aboutaa of
students engaged in building a new “bioreactor’r-inovitro
experimentation device. A31 was a senior undergrdu
student during the time when ethnographers were&kingrin
the lab, and A26, his mentor, was a post-doctagakarcher
who also had industry experience prior to enteritis
laboratory. A31’s project was to build a customrbaxctor that
would allow the researchers to explore the effeofs
compression on stem cells.

We might say that A31 and A26 hypothesized that the
application of various mechanical forces (in thigase
compression) will cause the progenitor cells tdedéntiate into
the special endothelial cells; however, they théwmesewould
not make such a statement. When asked relatively iathe
project why he is applying compression forces imtipalar,
A31 replied that he had been instructed not to ansivat
question, because they did not really have “justtfon” for
their research. In an interview soon after thifew he was
pressed by the interviewer, “Is it safe to say yjwave a
hypothesis?” he replied, “[sigh] We don’t reallyp.nlaughs]
To be honest, we want to come up with a processdald
ultimately generate a high yield of endothelialzélVhether or
not that's possible — don’t know. I think it coué, but | think
it may depend on a combination of physical forcesl a
biochemical cues.” At this stage, when A31 wasaalyepart
way into designing the new bioreactor for the lab,and his
mentor still had neither a detailed plan nor a s@ined
hypothesis for what they were doing.

Over the next several months A31 and A26 refinegr thlans
as they learned through the design and buildingcga®
Designing and building the bioreactor was an ongoin
evolutionary process that scaffolded learning andwkedge
development, which in turn, shaped the continuemtesictor
development. A31 actually built two related bioteas for this
experiment. One bioreactor, the “confined compoessi
bioreactor appropriated the existing Instron maeltand served
as a test bed for a second, “unconfined compresbioreactor
that was built from scratch. For clarity, we willfer to these as
the “modified Instron” and “custom bioreactor” resgively.

In addition to designing the mechanical and comjprial
aspects of both biroeactors, A31 also had to detise
biological, tissue-engineered constructs that cdaddused for
the experiment. His goal was to apply compressoreels to
cells, which had to be embedded in some kind offalding
material. Initially, he planned to grow the enddidle
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Figure 3: The two compression bioreactors. On the feis the
modified Instron machine with a riser block and
compression chamber. On the right is the custom-diemed
unconfined compression bioreactor near completion.

progenitor cells in collagen. This is the matetfadt cells grow
in in the human body and as such, it is the typicalrix
material used by the lab in their research. Howemgdway
into designing how he would form discs of an appiaip size
and shape for the bioreactors that he was condlyren
designing and building, he realized collagen woltldiork:

A31: OK, we're trying to investigate the effects of
compression on um stem progenitor cells in a 3-
dimensional construct, but we were planning on gsin
— we, we do most of our work with collagen gels and
so near the end of last semester | was just yowkno
trying to figure out how- what was the maximum load
we could apply to the collagen gel before it ruptur
So | put a couple of ‘em out on the bench top and |
put — and | got all these weights out — you knod bn
had a plastic clear uh plate | put over them, and a
soon as | put the lid on it — just the plastic glat
mean — it was the lid of a tissue culture dishyht—
and its probably less than 50 grams — it flattetied
gels so thin that you know the ridge of the thenas
sitting on the table and the gel deformed all ttasy w
out like this.

Interviewer: Oh my goodness! Were you expecting
that?

A31: No. Not at all [starts to laugh]

Interviewer: What did you think was going to

happen?

A31: | figured it would, | figured, have you ever
pressed on a piece of Jell-O?

Interviewer: Sure!

A31: | figured it would it would kinda deform a little
bit and crack and tear. The problem with that, einc
we found that out, its now we can’t do unconfined
compression with collagen, and most of our work is
done in collagen.

This almost accidental discovery of collagen’s naetbal
properties is typical of the kind of explorationdadiscovery
that is ongoing in this kind of research environimeén this
case, the new knowledge changed A31's plan fronplgim
designing a bioreactor to also testing new kindsaaifffolding
material not currently used in the laboratory. \WHie worked
out how to grow the cells, bioreactor developmettinued,
with the understanding that “we have to find a fetdfmaterial
we can use it with, otherwise it's really of no ueeus.” After



several weeks of experimentation, the researcheusdf a
mechanically suitable matrix material — alginatepaymer
derived from seaweed — and using the bioreactararbe a real
possibility.

Our observation of the researchers using the neatlifinstron
bioreactor for the first time again highlights ti&d, evolving,
and exploratory nature of laboratory. At this ppiAB1 and
A26 had been working on together for over six menth
designing and building the two bioreactors. On tay, the last
of the custom parts for the confined compressiandaictor had
been assembled, and A31 had a set of gels (celisliagen)
ready for experimentation. Our ethnographic fiedels recount
the first assay:

The first gel doesn’'t get squished. On a secomd itrgets
squished so much that it sort-of comes up andreusides, and
the Instron’s self-protection mechanism causesntlaehine to
beep loudly and immediately shut itself down bectarsenuch

best use the technology. The bioreactor can sewvéelp
formulate, validate or invalidate the researchkygotheses and
knowledge because it exists in the real world thatscientists
could not fully explore with thought experimentsora.
Constructing and then using the bioreactor forcessmaffolds
the construction of more concrete knowledge. Theigieand
building of instruments can be an experiment imlitslong
before the bioreactor is used as an instrumentnamipulating
cells in some type of assay.

6. IMPLICATIONS FOR DESIGNERS

In this section we will continue the discussionnfr@ur case
studies with a focus on the implications of our kvdor
technology designers.

Designing for creative environments challenges iticauhl
notions of human-computer interaction and even soser-
centered design techniques. Traditional approadpesally

force was being applied. The next few go somewhat morefocus on getting to know a user group via obseovali

smoothly, but these first few runs don’t produce nfifcany?)
usable data. However, they are clearly importamttfoth A26
and A31 to learn how to use the bioreactor.

Even after spending countless hours designing rif@shine,
neither researcher had a very detailed plan goirig the
experiment of what would or should happen. Althotlggre are
some laboratory procedures that are more establisimel have
a “protocol” sheet stored in a bound notebook atftbnt of the
lab — carrying out one of these basic assays i®#sg part of
the researchers’ work. Discovery and progress cemdeaping
from the edge of established knowledge, and leavamg
historical record that allows others to follow rose footsteps.

The modified Instron, though initially easier to dify and
temporarily a focus of work, was pushed aside fa more
complex custom bioreactor that the researchersdcbetter
integrate into their work. The custom unconfinegnpoession
bioreactor was designed so that it could be plaitedan
incubator for more sterile and controlled testsg.(eat
physiologic temperature) than the Instron, whichstrit out in
the open lab space. The initial modified Instromwhaver,
served an important, even if temporary, role. Irsigieing
fixtures for the appropriation of the Instron, A3é&arned
valuable concepts about mechanics and engineehraugh
exploration and tangible experience. Furthermorde t
researchers were able to use this modified Instfon
“preliminary trials” that facilitated developmentf onew

knowledge related to how one can set up a compressi

experiment with cells embedded in engineered tisdthe
knowledge gained from designing and using thigimséent was

interviews, surveys or focus groups. Some methdasec to
our own include design ethnography and particiyat@sign.
However, the goal of much user research, regardtdss
methodology, is often to “define” the target popiga and
identify some set of tasks that can be translateéd system
requirements. Design is about supporting theseinements,
and to that end, it typically centers on making enefficient the
particular set of tasks or interactions uncovergdHe initial
research. Although this approach may be succesi&ful
supporting specific and relatively static practides typical
work environments, the evolutionary nature of dueat
environments requires a new approach. In ordeutoessfully
design technologies that promote and support eibati
designers need to reconsider the assumed relaifisnisbtween
humans, technology, and practice that underlie staadard
user-centered design process.

6.1 Values in Technology Design

As the work of researchers in a wide variety ofaarsuggests
(e.g. cleaning products in the home [26]) the régtchallenge
for technology designers is to consider the var@ftwalues
embedded in existing technologies and practicemnvaneating
something new. Technology deployment has multitkte
implications, and designing primarily for increasefficiency,
productivity, or reduced effort in one area of axistng
practice, may have broader impacts that do not ssecity
improve the overall situation.

6.1.1 Efficiency is Not a Central Problem
Science and engineering researches in creativenauyative

later embedded in the unconfined compression custom enyironments by-and-large do not care about effije In

bioreactor. The intermediary instrument, thus, sdénas a
stepping-stone and tangible test-bed for ideashgpdtheses.

This
researchers — they scaffold exploration. In thisecathe
bioreactor allowed researchers to embody theiratemt ideas

and evolving knowledge of mechanics, biology andl ce

development. Beyond what the bioreactor does to ctiks
(hopefully, perhaps, it will cause differentiatiotie bioreactor
also does something for the researchers’ knowledgd
practice. In the space of the laboratory, the Bioie is a
physical and tangible articulation of the researghe
understandings and objectives. A limited kind ofipeocity
emerges in this relationship between the scierdisd the
instrument. The technology’s actions, sometimesrising,
teach the researcher about what he has built andheomay
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is what often makes bioreactors so powerfut fo

beginning to think about how information technolagight be
designed to support and facilitate research in Aalwve asked
the laboratory manager — who is intimately involweith and

knowledgeable about the research — if he thouglystem such
as LabScape [1] would be useful in his lab. As mogrwed

earlier, Lab A appears similar to the cell bioloigyporatory
studied in the LabScape project, and the reseaenerfamiliar
and comfortable with computing technologies. Thus, were
somewhat surprised when the he said that he savaloe in a
system such as LabScape for his laboratory. Notwikahave a
better understanding of the culture and practicésthe

laboratory, we can see why. Although the desighaifScape
was grounded in an ethnographic-style study, tlseachers
focused on issues like “during the sixty minuté® biologist
changed locations a total of 76 times [1].” Inaffitcies were



assumed to be ‘bad’ and “science’ was assumedwaysl
progress like a well-structured assay. These valhat were
embedded in the system do not align with the valfesur
participants.

LabScape was designed to support the “everyday "wofk
scientists in so far as this work was a planned ear@fully

executed experiment. The system centers on thefuSample
Flow Graphs (SFG): detailed experimental plansanform of

a kind of flow chart. Throughout an experiment tiielogist

logs her work by noting where she is in the taskvfland the
outcomes of each mini-step. At the end, her plandeamlessly
morphed into a report that can be transferredl# anotebook,
for example. In our observations of Lab A, we fthdt research
practice rarely proceeds in such a neat or tidyhifes

Following a protocol for an experiment is only arwemall

portion of what scientists do every day. Rather thas case
study of the compression bioreactor demonstrateigntific

practice is often much more exploratory and evohdry in

nature.

Furthermore, as Wyche, Sengers & Grinter noted hieirt
household cleaning study [26], gains in efficien@r
productivity may have unintended negative impaetgobd the
initial problem space. While clothes dryers freedmen to
spend more time elsewhere, it removed a valuabémiog for
casual social interaction with neighbors. Similarip the
science lab, while automated recording or datautaphay help
scientists be more efficient or take fewer tripgoas the
laboratory space, it removes some of the serendipit
collaboration and built in checks for their workm&ll mistakes
are frequent as researchers do math on the flwecting from
past experiments and published standards to theertur
situation. If a researcher has to record a valu®@n scratch
paper and again back at his computer, he may be likety to
catch a mistake. If someone needs help recordfiognation at
the hood so that her hands remain sterile, therhabeanother
pair of eyes watching her work and another perskintsvliedge
and ideas available.

Thus, efficiency is not paramount in the environmétot only
because there are few stable practices to makaeeffiin the
first place, but also because changes in practicédchave
potential negative consequences beyond their iettrstope.
Some of the inefficiency builds valuable researbkaks into
the typical practice.

6.1.2 Inflexible Practice and Appropriation

An especially salient characteristic of the rededab that we
observed, and we presume of many creative envirntanés
that while practice is generally evolving, it iss@l perhaps
surprisingly, inflexible. As we saw with the Instroand
Mechanical Tester, while some technologies may &k suited
to a specific problem, that does not ensure theacessful
incorporation into research practice.

Because the development of new knowledge and negtigega
requires the ability to try out new ideas, techgas that will
be successful in a creative environment must suppor
exploration and have the capacity to co-evolve wékearch
practice. In order for technologies to co-evolvéhwihanging
practice, scientists must be able to appropria¢entifor novel
uses. Designing for one specific interaction ok tesnstrains
the possibilities for use, and severely limits thecess of a
technology in an evolving setting. Here, we wouke lto build
on Dourish’s notion of ‘appropriation’ as “the way which
technologies are adopted, adapted, and incorporatéal

126

working practice” as a key characteristic of tedbgi@s that
can promote creativity [6]. To this we add the ioot of

appropriating the history of the design of a dewind its use in
problem solving.

6.2 Cognitive Partnering

One objective of the emerging field of Human-Cerdere
Computing is to articulate and develop new ways of
understanding the human-technology relationship.dficthree
laboratories that we observed, and presumablyhieratreative
environments, technology plays a greater role gimply as a
tool for offloading some task. Technology can bpaatner in
creativity if it supports the values relevant tadwators.

When we look at the roles that the Mechanical Teared

bioreactor play in the practices of researcheisaim A, we can
see that they are central to all aspects of waarning, and
innovation. They are typical technologies in thagyt can be
used to take some input, manipulate it, and redoo®e output.
In this work sense, then, the interaction patté@mviell within

the models of technology use as seen in most of(el@! [20]).
A popular textbook in HCI [5] describes the humachteology
relation as a four-component model that expliditigorporates
the system into the relationship. However, evethintextbook
model, keyboards and monitors divide the user gatés from
one another, and interaction focuses on an exchahggputs
and outputs with processing (cognition) isolated time

technology and the human, independent of one anditfileen
we look at how technologies are integrated intoative

environments and practices of learning and innowatthese
models no longer seem sufficient for describingehgrety and
complexity of the relationship.

The central purpose of the technology is often wbat it
“does” for the researcher, but how it enables #searchers to
embody and test hypothetical models of biology mme¢hanics.
We use the notion “cognitive partnering” to captuver
observations that the researchers understand aedénh with
the technology they design and construct as thabgih were
collaborators in research [21]. For instance, ia Hioreactor
case, the design and construction of the instrurhelted the
researchers define their questions and deepenkith@iviedge —
the technology itself was a site of exploration and
experimentation.

What is important to note here is when the scientise the
technology to manipulate cells it is not just theaf assay

which can be examined to test their original hypett that

contribute to knowledge creation. Rather, learningd a
knowledge innovation occur through the entire psscef

building and designing the bioreactor. The bioreadt not a

“system” separated from the user by its availabjeuts and

outputs, but rather it is more like a partner iatth supports

and promotes creativity by being a site of expioratand

discovery.

The researchers call what they do in simulation and
experimentation “putting a thought into the bengp-to see if

it works.” From a distributed cognition standpoirds an
instantiated thought, the bioreactor is an embodiadntal”
model — a tangible artifact with a meaning that lee®
alongside the scientists’ understanding. It thusvese an
important function as a site of simulation — naostjof some
biological or mechanical process, but also of th&rgists’
knowledge.

A model of technology interaction basedpartneringsuggests
different places for breakdowns than the traditiohtCl



models. In addition to breakdowns that may occuiween the
inputs/outputs and human and computer on eithex, sig find
that breakdowns may occur when the device doesliwt, or,
more importantly, is not capable of re-aligninghmihe models
of the user. In particular, in the research lab, finel that

discover where people’s work may be inefficient. afrusing
ethnography and similar methods, it is crucialriesearchers to
de-familiarize themselves not only from the enviramt under
study [2], but also from typical computer sciencelglems like
efficiency and productivity. In creative environnerike the

breakdowns occur when a technology does not supportscience lab, other factors, such as those thatawe tiscussed

appropriation and cannot evolve with knowledge iratmns.

7. CONCLUSION AND FUTURE WORK

In this paper we have shown how and why some tdobies

work and others fail in the engineering researtiodatory. In

addition to the implications for designers that dvscussed in
section 6, we also gave a full description of theeriaction

patterns surrounding certain technologies and tnethat these
technologies are integrated into the creative mestof the

research laboratory. In doing so, we aim to prowadmething

more useful than a single design idea. Hopefullyhavee built a
piece of the foundation upon which other desigearscreate a
wider variety of innovative technologies than we,pimarily

ethnographers and cognitive scientists, could @nvislone.

While earlier attempts at designing technology ftire
laboratory may be under-deployed and under-usedhelieve
that there is the potential for very valuable tesbgies to be
developed for the scientists. Building on our ethrapbic study
of the research labs, we have ideas for what pnublare very
real to the scientists, and how we can better emkbdir
values in the technologies that might be created.

Although LabScape makes following a protocol ancbrding
data more efficient, this “problem,” when viewedthwrespect
to the environments we study, is one of computEnsists, not
biologists and engineers. These researchers do.eveow
struggle with how to generate hypothesis, how tddbnew
technologies, how to augment existing ones, hokntmw what
came before and what's going on next door, howetvé a
bioreactor — that you only just figured out youfsalen after
spending 6 months personally designing it — in suetay that
other researchers who come along later can knowt wba
have done and why, and see the potential for usiisgdevice
in their own work. At the same time, researchersidbwant to
devote large amounts of time to writing up instimrctmanuals.
Building on the WikiTUI project [25], we envision asne
example of a promising technology to be a kind afrfotation
space” where researchers could bring a physicaiceeand
then “tag” different areas of the technology witheit
knowledge in the form of video, audio, or writteatal In this
way, design decisions and knowledge could be endzbdto
the technology in a way that was retrievable by ebth
researchers at a later date.

Furthermore, while we note that the process of ding

bioreactors and other technologies is an imponpaatess for
the researchers, it is also a difficult one. It \donot, perhaps,
be useful to have an outsider come in and buile\écéfor the

researchers, however, research along the lineBeoPhidgets
project [8] provide promise for allowing the scistd to retain
control over the important experimental processles$igning

and building a custom device while not having teefst large
amounts of time in learning the details of eleetkic
computational and mechanical systems.

Finding the problems that are real to a populatind creating
technology that really works for people will alway®e a
challenge. We believe that methods like participatdesign
and ethnography can help designers better unddrstasir
users. However it is tempting to use these methsiuply to

127

are far more important for the success of a newneogy.
Furthermore, especially in environments where teldgy is
custom made, it may serve a more integrative e . simple
“tool.” Considering that devices and instrumenta @anction
as cognitive partners highlights different aspedfs the
technology as important. De-familiarization and plee
ethnography can help researchers to better unddrstaulture
that they are designing technology for and envirental
perspectives on cognition similarly encourage dstiol view
that can highlight new roles for technology likegndgive
partnering in the research laboratory.
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