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Abstract

Being adoption-centric means focusing research on what
technol ogieswould be hel pful to real usersand trying to en-
sure that the results are more likely to be adopted. Too little
is known about how to improve adoptability. This paper
describes preliminary steps towards a framework for un-
derstanding methods for injecting innovationsin a way that
makes the results more likely to be adopted. The framework
defines taxonomy of adaptations that tools and users un-
dergo in the face of innovations. It then employs theories of
distributed cognition to suggest which potential adaptations
would be considered potentially desirable to users because
they preserve, leverage, or add cognitive supports. An ex-
ampleisgivenillustrating how this framework is being used
in exploratory design.

1. Introduction

Therate at which practitionersadopt the products of soft-
ware engineering (SE) tools research suggests that much
improvement is possible in making research results avail-
able and adoptable. In some cases the lack of adoption
may very well be due to the way that software research
prototypes are developed. Frequently a simple, stand-alone
“demonstration” implementation is developed. Oftenthisis
a bare-boned and impoverished environment or tool when
compared to the robust, full-featured, and highly usable
tools and environments that practitioners normally work
with.

An aternative approach to tools research is to employ
an “adoption-centric” approach of building innovations as
adaptations of the rich tools and environments currently
existing in practice. Here, “tools’ and “environments’
are considered broadly, and would include editors, shells,
browsers, word processors, personal information managers,

and ordinary software development environments. An
adoption-centric approach would perform the tool s research
with a concern for easy adoption of the tool by some real
user community.

Severa potential advantages can be offered for this ap-
proach. First, reusing an existing environment can make
prototype development easier since the researchers do not
need to spend time implementing and perfecting common
but necessary infrastructure (undo, copy and paste, print-
ing, help, etc.). Simple, bare-boned “toy” tools frequently
miss these features or implement them awkwardly. This
will normally seriously affect user performance and satis-
faction, which will in turn make successful evaluation of
the innovation exceedingly difficult. Second, by using an
existing toolset one is more likely to find a user population
to evaluate the tool on.

Being adoption-centric while adapting existing systems
means that close attention will need to be paid to the ways
software engineers currently work, and to how innovations
can be fit into this work. This point is, in my opinion, the
most critical aspect of the approach, and the place wherethe
greatest research benefits can be expected. Being concerned
for current work practices groundsthe entire research effort
in real user needs and situations. In addition, being con-
cerned with how the innovations fit into real work helps
assure that the research is in a position to make practical
impacts sooner than the 17 or more years that some SE in-
novations have taken [12]. The adoption-centric approach
is therefore not merely another attempt to build extensi-
ble development environments or to implement specific SE
tools on top of other tools. Thereisarea concern for mak-
ing innovations match realistic scenarios, and for introduc-
ing innovations to practical environments in ways that are
likely to be morereadily adopted. Attention to other factors
such as marketing and organizational structure may also aid
adoption (e.g., Fowler et. al [4]), but the prototype imple-
mentation is the main adoptability factor under the direct
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control of most tools researchers.

Once the above general goals of adoption-centricity are
stated, however, the question of how to actually go about
achieving them looms large. How and why users adopt
new technologiesis not well known, and even lessis known
regarding how, exactly, one can build innovations that are
more likely to be adopted.

This paper outlines a general framework for understand-
ing adoption factors and recognizing opportunities for im-
plementing innovations in ways that are more likely to be
adopted. There are three main components to the frame-
work. The first component is ataxonomy of types of adap-
tations, both for tools and users. This taxonomy is pre-
sented in Section 2. The second component is an anal-
ysis of how to interpret adaptations—and the resistance
to such adaptations—in terms of adaptations to distributed
cognitive systems. This analysisis presented in Section 3.
The third component is a technique for analyzing existing
toolsets for opportunities to inject new technologies in a
waysthat are likely to be adopted. Theway thisis currently
being approached outlined in Section 4. Section 4 aso out-
lines how the framework is being considered in a project
relating to software clone detection and copyright violation
litigation.

2. Types of adaptation in adoption

Users adapt to new tasks and technology. Such user
adaptationsinclude learning new concepts, skills, and prob-
lem solving techniques or strategies. As Mackay [11]
pointed out, users and their environment actually co-adapt
(also see Fowler et. al [4]). Users adapt their tools and en-
vironments to better suit their tasks and individual charac-
teristics. Tool adaptations along these lines include setting
key bindings, scripting, and programming. Users also adapt
their entire information space in order to help solve prob-
lems. For instance software engineers implement file nam-
ing conventions in part because this makes their browsing
and searching tools effective [7].

When any new technology or innovation is adopted by
users, it means they adapt again to the changes. It seems
likely that these adaptations could be effected in fundamen-
tally different ways. A vocabulary for describing the differ-
ent forms of adaptation is desirable. This section extends
Mackay's analogy by using conceptsfrom biological evolu-
tion to understand tool and user adaptation types.

Biological evolution and adaptation

Biological evolution can be seen as an extended process of
adaptations to changing conditions. A naive conception of
evolution is that it makes steady progress towards organ-
isms of greater complexity and fitness. It is true that some

organism features are associated with a history of gradual
and incremental refinements of similar-but-less-it features.
For example, Dawkins reconstructed a history of how com-
plicated eyes were built out of a series of additions and
refinements of previous structures [2]. Even so, the fossil
record also suggeststhat evol ution should not be exclusively
characterized as a uniform process of gradual refinement.
The late evolutionary theorist Steven Jay Gould conspicu-
ously argued that the evolutionary history is “punctuated”
with periods of aternating relative stability and astonish-
ingly rapid and wholesale changes which include radical
changes to basic organism design [5]. This sort of dis-
tinction in evolutionary progression resonates with certain
theories of knowledge acquisition and learning [14] which
posit differences between learning by “accretion” and by
“restructuring”. Accretion occurs when the knowledge can
be absorbed with only minor changes to the existing knowl-
edge structures, whereas restructuring is made necessary by
concepts and data that cannot be accommodated within the
existing structures.

Why do adaptations even occur? Adaptations occur, at
least in part, as responses to changesin living environment
(e.g., climate). Adaptations in this sense improve the fit-
ness of an organism to some ecosystem. Sometimes these
adaptations are specific to particular ecosystems—the or-
ganisms become “speciaists’. An example is the giant
panda, is adapted to survive on bamboo shoots and nothing
else. In contrast, some organisms are generalists and can
survive well in many ecosystems. An example the brown
bear, which is omnivorous and ranges very widely.

How do new adaptations arise? One part of the story is
simply by design variation through mutations which result
in improved fitness to the ecosystem. Another part of the
story is that an organism’s existing features might be used
for additional or new purposes. Gould called this “exapta-
tion” [6]. An example he uses is how feathers may have
originally provided warmth, but were eventually a step to-
wards achieving airflight.

Applying theevolution metaphor totechnology adoption

It is possible to see biological evolution as a metaphor for
user and tool adaptation. Based on the above discussion,
three basic contrasts might be helpfully applied to classify
user and tool adaptations.

First, user and tool adaptation may be divided into grad-
ual accumulation of design changes, and rapid, wholesale
changes. The former is common in the slow evolution of
product lines (e.g., creeping product features). Users also
gradually adapt by learning different problem solving skills
and tool features. Wholesale and rapid changes occur when
users adopt radically different tools such as new operat-
ing systems, development environments, or office products.
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Users are often painfully aware of how they need to adapt to
such wholesale changes. Thus afirst question for adoption-
centric SE is “what type of adoption is being attempted:
gradual accretion of localized design variations, or whole-
saledesign changes?’ The adoption-centricresearcher must
know which is being attempted—and which is needed.

Second, the issue of specidization versus generality
needs frequently be considered for tool design. Specialized
tools may be more fit for certain tasks but require specific
learning (user adaptation) and may not “ survive” changesin
tasks. Task specificity isacommon argument for or against
various programming languages. An advantage of gener-
alized tool capabilities is that once users learn them they
can apply them in many situations. The drawback is that
the general capabilities might work less well than the spe-
cialized versions, or users may need to do more work, or
to customize them. In terms of adoption-centric design, the
researcher should likely be encouraged to recognize special -
ized and generalized capabilitiesin both tools and users and
take advantage of both when opportunities present them-
selves. For example, in certain work domains, program-
mers may be specialized to be highly familiar with spread-
sheets. This specialized expertise might be exploited by im-
plementing the innovation as an extension to a spreadsheet
program. But also note that a spreadsheet itself isgeneral in
that it can be applied to many different tasks (compare, for
example, atool that performsfixed calculations).

Third, it may be helpful to distinguish two different
classes of adaptations to existing tools, or aspects thereof.
Thefirst is by simple design mutation or accretion. For ex-
ample, adding a call-graph visualization view to a toolset
might be termed simple accretion, whereas changing the
way error messages are displayed might be considered mu-
tation. The second main class of adaptation type is by
exaptation. Tool based exaptation might be said to occur
if new uses are made for existing specialized functionality.
For example, in Mackay’s study [11], mail filtering func-
tionality was used to implement smart filing of messages.
In the realm of software development, Bellamy [1] noted
that Smalltalk developers would use a cross-referencer as
away of locating semantically-related code. The develop-
ers would “tag” class methods as belonging to an applica-
tion by inserting references to a dummy class. The cross-
referencing was therefore not being used to trace down
real calls, but to approximate a mechanism for clustering
conceptually-related methods from multiple classes.

The adoption-centric researcher will want to be aware of
whether changes are being made by mutation, accretion, or
exaptation. One reason for wanting to know this, clearly,
is that the adaptations made to tools are likely to induce
similar types of adaptationsto the users’ knowledge of how
to use the tools. Tool mutation implies that the user must
adapt by modifying their skills and mental models for using

the affected features. Accretion, on the other hand, is likely
to allow simple knowledge accretion by the user. Exaptation
isrelevant to tool researchers because users may already be
skilled in using the tool feature that is being exapted for a
different purpose, or they may be able to exapt an existing
feature or technique for use in conjunction with the new
innovation.

3. Distributed cognition & legacy user systems

| am alegacy user. So, in al likelihood, are you and ev-
eryone else. My favorite editors are Enacs and vi . This
fact might be viewed with considerable disdain by combat-
ants on both sides of the long-running “ vi versus Emacs Ed-
itor Wars'. | use both editors practically every day for writ-
ing papers, programs, email, and numerous other activities.
Many other and newer editors exist—certainly many specif-
ically tailed for programming. Some of these, perhaps, are
even superior to both of Enacs or vi (at least for some
tasks and in some ways), although | may never truly know
it. Myself and my computing environment in combination
form alegacy user system.

| use the term “legacy user” in the way a software main-
tainer would expect: alegacy user is analogousto alegacy
software system in SE. This term is intentionally selected.
Cognitive science regularly views human minds as com-
puter systems. Learning (i.e., user adaptation) servesto pro-
gram and maintain the cognitive system.

Theterm “legacy user system” is no accident either. The
cognitive science field of distributed cognition (DC) treats
cognition as a computational process distributed between
humansand tools (see Hutchins[9], Zhang et. al [17]). Thus
users in combinations with tools are seen to form DC sys-
tems. From this point of view, external artifacts are seen to
represent knowledge or cognitive states (goals, intentions,
etc.), and both users and computers are seen to process such
external knowledge and cognitive states. For instance, Flor
et al. [3] analyzed programmer pairs from the DC point of
view. In their anaysis, they likened code scavenging to
case-based knowledge use: when code is scavenged, it is
copied with appropriate modifications, which is an analogue
of schematic abstraction and instantiation. Only instead of
occurring “in the head”, it occursin atext editor.

Legacy user systems are also computational systems:
legacy computational systems. Legacy systems are not nec-
essarily poorly maintained systems. Instead, they are iden-
tified by other characteristics: they aretypically (1) consid-
ered “mission critical” for the organization using them, (2)
not implemented using the most up-to-datetechnol ogies, al-
though for various reasonsit is desirable to bring them into
compliance, and (3) poorly documented and understood.
These are al characteristics of legacy users systems; the
termis apt:
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1. TheDC system asawholeiscritical for effectivework.
Clearly the user’'s own mind is mission critical, but
just as clearly their normal environments are critical
(or else adoption would not be a problem—they would
be able to effectively use whatever environment is in
front of them).

2. Updatesto the legacy DC system is frequently desired
and, in the case of adoption-centric research, assumed
necessary.

3. The DC systems are ailmost entirely undocumented.
As Hollan et. al [8] point out, the roles that artifacts
play in cognition are often difficult to recognize. Care-
ful field studies are therefore frequently needed in or-
der to reverse engineering and redocument legacy DC
systems in preparation for reengineering. It is well
known that humans generally are unable to articulate
how it is they think and act, and they certainly do not
come with cognitive design documentation.

Themain value in bringing DC theory into the present dis-
cussion is that it identifies aspects of legacy user systems
which areimportant for effective distributed cognition.

More specifically, users rely on their external environ-
ment to provide cognitive support, i.e., to assist or help them
intheir cognition [16]. This support is partially attributable
to the makeup of the tools. For instance most web browsers
maintain link visitation history mechanisms, and will dis-
play the visitation status of links by rendering non-visited
linksin adifferent colour. Those features can support users
by acting as external memory: users no longer need to re-
member where they have been. In other cases the support
can be said to be “built up” in the environment through the
various adaptations and customizations they make. For in-
stance, the collection and organization of bookmarksis a
lasting external memory that users often depend upon. An-
other example, already mentioned above, is the tagging of
methods which was observed by Bellamy. These tags are
needed if the programmer is to use the code location tools
they are accustomed to. Over time, user and environmen-
tal adaptations generate a DC system in which the tools and
their features support cognition, and in which the users have
the skills, knowledge, and preferencesfor utilizing them ef-
fectively. Users are reluctant to adopt new technologies be-
cause doing requires new adaptation (learning), and may
destroy the cognitive support built up in their environments,
or makeit less efficiently usable.

This analysis is helpful because it delves a little deeper
into the barriers to adoption. Existing theories of adoption
are compatible with this basic analysis (at least, the parts
dealing with the adoption factors associated with individu-
as). For example the so-called “diffusion of innovation”
theories [13] posit that individual evaluations of “useful-
ness’, “compatibility” and “ease of use” greatly influence

decisions to adopt. But what, precisely, is “usefulness’ and
“compatibility” and how can it be identified in tools? The
answer | am working towardsisapartial one, but it isa step
in the right direction. Usefulness is a function of the cog-
nitive support provided, and “compatibility” should mean,
in part, the retention of built-up cognitive support. To make
innovations more adoption-centric, therefore, one needs to
reverse engineer and redocument existing legacy DC sys-
tems, and then build tools that can reengineer them in ways
that retain and build cognitive support.

4. Framework application

The overall aim of the present framework is to help in
reengineering existing legacy user systems. Below isabrief
outline as to how this might happen in the future. The basic
method is to first use the DC ideas to either guess or em-
pirically determinethe cognitiveinfrastructure (i.e., adapta-
tions) users have built up in themselves and their environ-
ments. Currently we base this on an inventory of cognitive
support possibilities derived from a feature analysis of the
environments. Then opportunities are examined for adapt-
ing existing features in ways suitable for introducing the
new technologies. This general ideais explored below.

Eclipse and clone detection

At the Software Research Laboratory one of our projects
is to investigate techniques for detecting software clones,
copyright violations, and plagiarism. Software clones are
sections of code that are very similar. These commonly oc-
cur because of code “scavenging” in which code is copied
and then modified to suit local needs. Copyright and plagia-
rism casesinvolvefinding and verifying the fact that code or
design aspects were copied from one code base to another.
In each case, code similarities of various types need to be
detected and investigated.

Our research is taking an adoption-centric approach to
developing and inserting suitable technologies into prac-
tices of SE and copyright litigation. Thiswill result in sep-
arate tools for software engineers and for legal analysts, but
we are planning and devel oping both sets of innovations on
top of three main existing technologies: Eclipse, Microsoft
Office tools, and Microsoft Windows! These platforms are
suitable starting points as our anticipated user base is ex-
pected to be familiar with them. In particular, in legal cases
the users are expected to use Office tools such as Word, Ex-
cel, and PowerPoint in the generation of legal documents
and presentations. We expect synergy in our work on both
clone detection and copyright violation.

Our research strategy has identified three technological
additions that are intended to implement three activities.

1Eclipse, Office, and Windows are registered trademarks.
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FEATURE DESCRIPTION REUSE MUTATE ACCRETE EXAPT
perspectives customizable/sharable views and visible actions new projects

wizards steps users through common tasks new tasks

OLE integ. editors, views, and toolbar objects can be embeded embed view

Task View users can edit and step through task (i.e., to do) list new cmnd | auto generate

Search View multiple search types, results filtering, sorting new type search metadata
Compare View  two files can be compared side by side new views

Table 1. Inventory of some Eclipse features and some adaptation possibilities

These additions address activities typical in reverse engi-
neering [15]. First, data must be gathered on where code
similarities occur. For this we wish to introduce various
automated and semi-automated code comparison technol o-
gies. Second, similar items must be classified into clone or
non-clone (or copy or non-copy), and then grouped or ag-
gregated into function-relevant clusters. For example, when
reengineering a software system the engineer may wish to
cluster related clones together so that new modules can be
generated by abstracting related and duplicated function-
aity into a set of related methods. In copyright litigation
contexts, the clustering might pertain to collecting together
different types of copyright violations (e.g., code copying
versus design copying). Third, exploration, visualization,
and evaluation must be performed. For instance, the over-
all distribution of clones across sub-project boundaries may
need to be known by project managers. Likewise lawvyers
will want to see visualizations and analyses of the instances
and extent of copying. We are working on novel visualiza-
tions for code comparison and system visualizations. We
wish to add various automated measurements.

In order to continue forward we need to be able to ana-
lyze Eclipse, Office, and Windows so that our innovations
can be well matched to these technologies, and can be in-
serted in a manner that eases barriers to adoption. The re-
mainder of this section describes an approach we are con-
sidering for evaluating tools for adaptation possibilities and
cognitive support roles. The work is ongoing and prelimi-
nary, but the overview below gives a flavour of the type of
analyseswe are considering. The overview may give others
ideas as to how to improve the analysis, and to apply it to
their own adoption-centric SE research.

A cursory inventory of Eclipse features yielded a list
suitable for determining adaptation possibilities. A subset
of this inventory appears in Table 1. This list of features
were then examined to see what adaptation mechanisms
were provided by Eclipse. These were categorized using
the adaptation taxonomy; examples are listed in Table 1.
The column “reuse” indicates an instance where a generic
feature might be used for new purposes. Theentriesin these
columnsindicate ideas about how the adaptations might be
made (e.g., adding a new command to the Task Vi ew mu-

tates it). The inventory and classification generation took
about an hour to collect, although we refined this list and
its categorizations after various discussions. It is unclear at
thistime how helpful this exercise has been, although obvi-
ously some similar type of analysis (perhaps a more infor-
mal and haphazard one) would need to be performed if one
is to build tool extensions. It may be worth noting, how-
ever, that the columns of Table 1 may be helpful inidentify-
ing adaptationsthat are less disruptive to existing cognitive
support.

The features in the list were then examined in light of
various theories of cognitive support [16]. The aim was
to help understand their potentia roles in supporting de-
veloper cognition. Although this is hardly a substitute for
studies of real users (users may not actually use the sup-
port, or may have many other types of built-up support not
knowable through armchair analyses), it seems to be a pru-
dent first analytic step. The next analytic step isto consider
how we might best implement our planned innovations on
top of thisinfrastructure. In this step we expect the theories
and models of cognitive support to be helpful, although we
have little to report at this point. Nonetheless a flavour of
the analysis can be relayed.

We know that current technological limitations make it
impossible to automatically and accurately detect al soft-
ware clones within a system. Thus the user must cooperate
with the tools in order to jointly determine which poten-
tial clones—i.e., “clone candidates’—should be considered
true clones. The classic way of doing thisis to have one or
more clone detectors generate alist of clone candidates that
the user steps through and classifies as clone or non-clone
(or copy vs. non-copy in copyrighttools). It seemsclear that
the generic Task Vi ew functionality can be adapted: the
clone detector would generate a clone candidate list in the
task list (an accretion of functionality), and the user would
need to step through the task list and examine the candi-
dates, deleting onesthat are non-clones. Thiswould, in fact,
requireamutation (in particular, aspecialization) of thetask
view functionality since the potentia clones are clone pairs
and the Task Vi ew behaviour would have to be modified
so that it browsed to the two clone locations when the user
double-clicks on the clone candidate.
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The DC support point of view notes that this functional-
ity is an example of distributed planning and plan follow-
ing [16]. What the clone detector is doing is generating a
plan for checking the results, which the user (more or less)
follows to make those checks. The Task Vi ew functions
as an external memory for the plan, and for where one is
in following the plan. Reusing the Task Vi ew effectively
leverages existing cognitive support. Once thisis realized,
opportunities for improving distributed plan following can
be explored. For instance, the above envisioned extension
forcesthe user to make a series of decisions about clones. 1t
is likely that ordinary users will not be able to decisively
classify clone candidates in the first pass. Said in other
words, they will likely have uncertainty in their decisions.
It makes sense to try to add support for uncertain knowl-
edge management by allowing the uncertainty to be exter-
nalized [10]. Otherwise the engineer will need to remember
the uncertain clone pairs in order to return to them, if nec-
essary.

Various designs can be entertained for implementing the
uncertain knowledge management support. Table 1 pro-
vides clues as to which ones might affect adoptability. For
instance, the Task Vi ew might be mutated in order to en-
codethe uncertainty in the classification. It might be prefer-
able, however, to create a more specialized version of the
Task View. Since there are aready severa specidiza
tions of the Task Vi ew (the Conpar e and Sear ch views
are both specialized task steppers), it may be preferable to
add an entirely and obviously new view (that is, by accret-
ing similar functionality) that allows clone candidates to be
classified with varying degrees of uncertainty. Although we
are nowhere near being able to decide what implementation
is best, the vocabulary of cognitive support and adaptation
taxonomy appearsto be helpful in understanding design op-
tions and then reasoning about their potential adoptability
implications.

5. Summary

In order to achieve the goals of adoption-centric SE re-
search, one must have an idea of what factors affect adopt-
ability and what changes can or should be made to exist-
ing environments in order to introduce innovations. The
direction presented hereis to examine the cognitive support
present in target tool environments and look for appropri-
ate support to preserve, leverage, or add. Although progress
has at times seemed glacia, the cognitive aspects of adop-
tion resistance appear critical, and my persona feeling is
that there is no choice but to continue the difficult and long-
term work necessary to understand and address the role of
cognitive support in tools and how various adaptations to
them affect adoption.
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