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Abstract
Innumerable GIS proiect failures during the past two decades
may in part be due to the implicit mental model cartied by -
Gts'designers, which is based on obiectivist assumptions .and
o narro* view of scientific method. Hermeneutic methods
may be a useful alternative which can realign the way the
deiigner approaches the nontechnical tasks of user requirc'
menls anallsis and conceptual database design. Several tra-
ditional human/ geographic information commun ication
models are discussed, and an alternative hetmeneutic model
is introduced. Examples of concrete application of herme'
neutics to the GIS design ptocess are presented, based on the
writings of philosophers, human-computer interaction spe-
cialists, and geographers.

lntroduction
...we must step back and examine the implicit understanding of

design that guides technological development within our exist-

ing tradition of thought. Only by unconcealing that badition
an-d making explicit its assumptions can we open ourselves to

alternatives and to new o*tt",rlrlit"ttlltjtll; 
,,or"r, 1e86, p. 5 )

Following the broadest of definitions, we often speak of_cIs
in terms of a macroproject, in which case the concept of GIS
design transcends software engineering t_o include a host of
insti-tutional, social, commercial, and political issues' One of
the basic and most necess€ry components of cIs design is the
user requirements, or functional, analysis (Calkins, 1983;
NCGIA;1990; Marble and Wilcox, 1991; Emery, 1991; Mont-
gomery and Schuch, 1993), because each project is_unique
ind each user has a distinct view of the system and the geo-
graphic information produced by it. User requirements analy-
iis typically involves a GIS designer (a.k'a the analyst) who
visits^the p'otential user site, coiducts a series of interviews,
establishei rapport with several types of potential users, and
observes the current tasks, data flow, and information prod-
ucts. Thus, from the designer's point.of view, user require-
ments analysis provides the details necessary for a proper
conceptual database design (Elmasri and Navathe, 1989;
Laurini and Thompson, 1992). From the user's point of view,
the requirements analysis-ideally-assures delivery of an
informition system optimized to his/her needs. In practice,
however, there are three common analysis scenarios which
can adversely affect the conceptual design process.

First, GIS software vendors lament that often user requi-
rements analyses are not carried out at all (Dangermond, -.
1990), whichincreases the risk of system failure or user dis-
appointment when implementation is supposedly-complete.
ln this case, either the user organization has decided not to
enlist "objective" consulting services for the design and im-
plementation phases of the GIS project,- or the chosen con-
iultant has failed to properly execute this vital system design

task. Second, the user requirements analysis is often carried
out by a single hardwarefuoftware vendor, especially in mo-
nopoiistic cises where the purchase decision is already
made. This situation favors analyses which are more pre-
scriptive and skewed than might-otherwise be the case, be-
cause the analyst is constrained from the outset by his/her .
system's curtent capabilities and limitations. The situation is
iilustrated-unintentionally-by the comments of Leighton
and Kutsal (1989):

This lneeds analysis] is the best opportunity for a vendor to ed-
ucate clients witL regards to technology and what is practical,
and to study the client's operation.'. . During this phase,.a ven-
dor is being paid to be honest and forthright. This is an ideal
oooortunity [o present t]re "reality" of a client's perceptions'
ani to correct misdirected or overstated expectations' (p' 378-9)

Third, even so-called "objective" user requirements anal-
yses conducted by third-party analysts are necessarily.
iubjective if the analysts are indeed human beings living.
witirin society. Furth-ermore, this article-$gues that certain
svstem desien methodologies may actually facilitate an ana-
lyst's preten'sion (or belieD of obiectivity, which may lead to
inaccurate, poorly representative requirements documenta-
tion becaus6 the usef's view is not adequately considered'
Perhaps the greatest misconception in the field of informa-
tion slistems-design is that the entire process- must be a well-
controlled, objective, quantitative exercise when, in fact, one
of the key components-user requirements analysis-in-
volves th-e praclice of social science' The latter is a field
which has 

-encountered 
problems with quantification and ob-

jectivism and, therefore, has explored alternative methodolo-
gies during several decades.
" This iticl" reviews what has been, since the 1970s, the
"traditional" cIS design approach-structured system de- -
sisn-and it makes expticif some common assumptions of
thls approach. The aim is not to debunk structured des1gn-
methodology but, rather, to offer an alternative view which
misht soften and improve it. Alternative views are necessary
bec"ause certain key elements of the GIS design task are not
objectively fixed and agreed upon between designers and
,tr".s 

"rdl 
thus, are nol adequitely treated by structured

methodology. This is becoming more noticeable as the cts
field evolv6i to incorporate users who are neither technical
specialists nor spatial professionals, because these users of-
ten have speciaiproblems and needs. Although th-e char-ag-
teristics of two styles of design are discussed briefly in this
article, the primary focus is dn the philosophy behind this
dichotomy,bn how the GIS designer should view the design
process.
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Hard and Soft Deslg Approaches
Information systems fail for many diverse reasons, but pri-
mary among these are that (1) the wrong problem is ad-
dressed because the correct one was not identified, and (2)
the wide view of social and psychological factors is ne-
glected (Flynn, 1992). Several system design approaches
have appeared during the past decade in an atiempt to mini-
mize these failures, and these can be categorized as being
"hard" or "soft" design approaches. Skimming through the
GIS literature, however, one may be led to believe that the
only design approach is the firsi: the functionalist, hard sci-
ence approach (Waters, 1993). This is more generally termed
"structured design methodology" (Yourdon, 1989) and it has
dominated the information systems field during more than a
decade (Crinnion, 1991) as a de facto standard.

Structured methodologies offer the designers a set of
tools-data flow diagram, entity life history, data dictionary,
etc.-with which to hard-code their obiectives and to
simplify their presentation to the user. The future user, who
usually knows far less about the technical possibilities of the
system, is presented with a draft design plan and is encour-
aged to cross-check the analyst's findings in structured
walkthroughs and presentations (Crinnion, 1991). Thus, the
user requirements analysis, which is supposed to extract the
user's ideas, opinions, needs, aptitudes, etc. is, in some
cases, only an explanation of the conect way to do things
and an opportunity for the user to "sign-off'on a proposed
design. Note from Leighton and Kutsal's quote, that "reality"
is defined by the analyst rather than extracted from the user
or jointly agreed upon.

Because structured methodology is assumed to be an ob-
jective procedure whereby the designer observes the current
user situation and suggests the correct solution, it may actu-
ally obscure the designer's natural subjective behavior. While
structured methods encourage user feedback, early and active
user participation is not explicitly written into the process.
User problems are to be worked out iteratively, just as "sys-
tem errors will be patched in the next revision." If the sys-
tem is deemed flawed, then the design proceeds iteratively in
a process called stepwise refinement. The prototyplng design
methodology (see Eason, L988; Crinnion, 1991; Dunn and
Harrison, L991; Peuquet and Bacastow, 1991) is an extreme
example of stepwise refinement, whereby a limited working
version of the system, presumed to be flawed, is given to the
user community for feedback, which then guides further de-
sign iterations.

Prototyping is essentially a modification-adding a
measure of social concern-to the traditional structured
methodology, and is still considered a technical process (Wa-
ters, 1993). It has become commonplace for organizations to
design and implement prototypes, or "pilot projects," due in
part to conservative management practices and lack of confi-
dence in the overall implementation plan. Organizations
should be careful, however, not to fall into the trap of utiliz-
ing the pilot project as a substitute for rigorous initial system
planning {Tomlinson, personal communication). For exam-
ple, it is commonplace to utilize off-the-shelf GIS software for
this prototyping effort, which can unduly bias the subse-
quent design process (Marble and Wilcox, 1991).

Alternatives to structured system design are often termed
"soft" design approaches (Eason, 19BB; Flynn, 1992). Flynn
(1992) reviews such approaches, among them SSM and par-
ticipative design. The first, Soft Systems Methodology (ssv)
is due to the early work of Peter Checkland (1981). Its under-
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lying theme is that reality is socially constructed by humans
and is not a "given," and problems are viewed as fuzzy, not
structured, and without apparent solutions (Flynn, 1992).
During the design process, a "problem situation" is gener-
ated and analyzed, the product of which are so-called "rich
pictures." Given this problem situation, a set of relevant sys-
tems is derived and then a conceptual model is developed.
Then the user or user group is asked a series of questions to
determine how well the conceptual model matches their
original problem situation. ssM explicitly addresses the pri-
mtrry cause of information system failures: lack of proper
problem identifi cation.

Participative systems design, due to Mumford (19811,
stresses involving the employees who will eventually use the
system in the design process. It also focuses upon socio-tech-
nical issues: the interface between the tools and techniques
of the system itself, and the social and ethical goals of the
organization. The approach also stresses a group-based ap-
praisal-using questionnaires and interviews-of the re-
quired system before considering the existing system. The
participative design approach is the one which focuses most
directly on institutional (employee-user) needs, desires, and
job satisfaction goals.

Although it seems clear that soft system design ap-
proaches can offer a wider view of user requirements defini-
tion through user participation, it must be noted that neither
soft nor hard methods have been empirically proven to be
better at providing usable systems (Flynn, 1992). Flynn ar-
gues, however, that soft design approaches are more suited
to design situations whereby both "requirements uncer-
tainty" and "process uncertainty" are high. That is, for well-
defined requirements and problems-cadastral or other
inventory applications perhaps-linear, structured ap-
proaches may be best. When these attributes are nofwell
fixed and agreed upon-as might be the case for so-called
"scientific GIS" applications-soft design approaches may be
best. This second cIS use type has been gro*ing rapidly dur-
ing the past decade,

Structurcd Thlnking, Structurcd Deslgn?
Adding structure to a design methodology may make it more
obje_ctive in the sense of formalization and, thus, being more
e-asily understood and replicated, but it does not guarintee
that the human designer/analyst will behave obje-tively.
Therefore, we must recognize subjectivity as a human attrib-
ute which is natural and which cannot be muted. Subiectiv-
ity on the part of the designer is not a negative attribute and
it cannot be avoided because we all have our prejudices and
tendencies, especially toward solutions which have worked
well in the past. Regardless of whether the system designer
is a vendor employee or an independent consultant, he or
she does not work in a social and organizational vacuum
and, thus, the design process cannot be considered totally
objective. Structure implies ease of control and description,
butdoes not guarantee arrival at the correct answer, espe-
cially when the user's side of the story has not been properly
accounted for. We must recognize this fact, alongside the fact
that many cIS projects have failed during the paJt two dec-
ades (Marble and Wilcox, 1991) partly due to poor require-
ments documentation (Calkins, 1983; Laurini and Thompson,
1992). The reader is asked to consider three key questions. Is
there a relation between objectivist thinking and overly
structured design methods? Is there a relation between struc-
tured methods and system failure? And does today's evolv-



cartographer's
interpretation

Figure 1. The traditional cartographic communication
model .

bv imases in magazines, books, or on television' Again, this
is specilation, bit while it is not supported by empirical evi-
dence, it seems to make sense as a working hypothesis'

Let us examine a concrete example of a mental model:
how we view the assimilation of geographic information by
an average person. Traditionally, the model was based on
rnup ,rr"l"tid the relationship has been.most salier-r1ly repre-
senied by the cartographic communication model (Figure^1)'

attributed to RobinJon and Pechenik (1976). Variations of
this model have been used by several authors (e'g', B6dard,
1987: Chrisman, 1987; Morehouse, 1989) to describe user/GIS
communication, where reference to the map is replaced by
cIS/LIS. In either case, the basic message, portrayed graphi-

callv as blocks connected by arrows, is that the real world is
interpreted once by the cartographer/database designer-us-
ing well-known prbcesses such as abstraction, simplification,
ani generalization-and then a second time by the user who

ing cIS market demand that we pay more attention to
alternative philosophical viewpoints which lead to alterna-
tive design approaches?

Mental Models and Design
User requirements analysis normally places considerable em-
phasis on desired geographic information pro_ducts: the de-
iiverables of an operational cIS. In the case of the city of -
Ottawa, for example, Tomlinson and his associates identified
100 unique geogriphic information products which might re-
sult from proper implementation of the GIS during a 10-year
period (S;itli and Tomlinson, 1992). This view of cls design
may be compared to an architect interviewing the future
homeowner to get an idea of the basic attributes of the de-
sired house and, thus, of the building products necessary to
build such a house. In considering geographic information at
this product level-in terms of some number of maps at a
given scale-implementation details are de-emphasized so as
not to skew the user needs documentation toward any one
vendor solution (Montgomery and Schuch, 1993). In practice,
however, this process is confounded by the designer's prior
knowledge of the technical solutions available: he/she cannot
wipe clein a well-developed mental model of similar infor-
mation systems.

Mental models let people derive appropriate behavior for situa-
tions that are not remernbered (or never before encountered).
People probably make up mental models for most things they-
do. Thii is why designers should provide users with appropri-
ate models: when they are not supplied, people are likely to
make up inappropriate ones. 

(Norman, 1988, p. z0)

The user begins the requirements analysis process with
preconceived notions abouf how his/her GIs should "look

ind feel" and how it should perform: what is termed a men-
tal model (Hearnshaw, 1990). Let us comPare the user's men-

tal model with the designer's. The designer's model is rich
from the technical point of view because he/she has experi-
enced several system design projects and has witnessed suc-

cess and failure, The user's model is naive, in the general
sense of the word, because he/she has not participated in

previous design sessions. The user's model may be based not

on specific software or machines, but rather on asking ques-

tioni and receiving answers using geographic information.
These answers may not correspond to known, concrete geo-

sraphic products.
" ^ 

Thi; article speculates that, when we are not specifically

trying to build ne.w mental models, we use default models

deriv"ed from past experience, primarily from visual stimuli

such as published diagrams, flow charts, or artistic carica-
tures. Thus, we hold mental models of abstract concepts
which we have never really seen, such as Heaven (clouds),

electricity (a continuous flow), gravity (Earth as a big mag- -
net), the mind (a switchboard), etc' thanks to the imprint left
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readJ into the abstracted cartographic image to extract neces-
serv realism fN{uercke. 1990). The model is based on a mapsary realism (N{uercke, 1990).
reaher/cls user who is a passive receptor, not directly
involved in the map-maklng process and, thus, havinli""ot""a in the map-making process ind, thus, having no ex-
nlicit control over the information provided.plicit control over ihe information provided.' 

Why do we accept and rely on this mod
' 

Why do we accept and rely orthis model? First, be-
cause it is simple, -[ich makes it easyto draw and to un-

on a maP

derstand. Second, because it is compatible with our de facto
definition of scientific method since the late 1950s: the appli-
cation of positivism of one sort or another. The GIS commu-
nity would be remiss not to acknowledge its entanglement,
for better or worse, in this philosophical viewpoint' Positiv-
ism describes the view of s-cience based on empirical meas-
urement, explanation, and prediction of an -objective "real
world." It is also based on ihe scientist as disinterested ob-
server. able to stand outside his subject matter (Johnston'
1983). The model in Figure f. is compatible with that sci-
encei the real world is measured and described systemati-
cally-on paper or in a database-and then offered to the
,rer. Althonln tft" cartographic communication model as-
sumes iteratilvely testingtaih map with its intended audi-
ence, it does noi suggest intimate user involvement before
producing the first diaft. If we implicitly accept this struc-
tured moiel of the relation between user and geographic in-
formation, then we also may be led to trust that the
cartoqrapher has obiectively and disinterestedly designed the
-"p.itt"t is, after a literal-reading of-Figure 1, are we to as-
surie that the cartographer has considered the user's needs
before the first map wis produced? The seasoned cartogra-
oher will know to "read between the lines" in Figure 1, and
ihat the cartographic communication model has a long tradi-
tion-at least-since Board (1967)-and is not as simplistic as
it appears. But in the rapidly growing field of GIS, is today's

"*r"iue" 
GIS designer lik6ly a seasoned cartographer, or has-

he/sh"e more likJly only sLen quick references to the model
in articles such as Chrisman (1987)?

In the absence of alternative models, the GIS designer
implicitlv holds a mental model based on Figure 1, that GIS
deiien is a value-free representation of the real world which
is cJnverted to digital form following structured, easy-to-fol-
low guidelines. This design attitude Tay bq further rein-
force"cl by similar linear mental rnodels coniured up by
published database design graphics such as in Figures 2 and'a. 

nach illustrates a direit path from reality through to phys-
ical database implementation and is based on early, ''hard,"

Life Cvcle design models which are partly to blame for innu-
-L.ubi" systeri failures. These structured models of system
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Figure 2. Phases of data-
base design (after El-
masri and Navathe
(1989), p. 38).

not subject to change, so the design process must adapt to
the current state of that component.

The view that a user does not properly understand the
d-esig-n process is elitist and self-serving. The system designer
should not confuse a user's incomplete knowledge with igno-
rance. If the user fails to immediately understand the work-
ings of an information system or is unhappy with its design,
then a common explanation is that he/she lacks necessary
training. This lack of training, if true, should have been iden-
tified during the requirements analysis as a key contextual
factor. If it was not noted in the initial requirements docu-
mentation, then it is only an excuse. And an obvious re-
sponse is to provide a custom user interface which alleviates
the need for specialized training. Many cIS users possess
expert-level knowledge in the application field in which the
cIS is to be utilized but have neither the time nor desire to
learn the technical intricacies of a specific system. Then
again, the user's overall goal should not be mastery of a new
machine but, rather, more productive interaction with geo-
graphic information (Mark and Gould, 1991).

- The system designer also possesses incomplete knowl-
e_dge-regarding the user's environment, for example-and,
thus, assumptions and stereotypes can be the cauJe of mis-
understandings during the needs analysis. He/she may as-
sume, for example, that the user will want to view
planametric maps or use the leading relational database man-
agement system (nnsN,IS). fust as the analyst must be careful
not to invite an important client to a steakhouse without first
asking if he/she is vegetarian, the analyst needs to know how
and when to leave the structured routine and to ask more
personal and context-specific questions of the user. In light
of the user's lack of experience in this area, the cIS desilner
has but two options: (tl continue to marginalize the usei and
carry on with the analysis, making key decisions on behalf of
the user using past experience as a guide, or (2) realign his/
her mental model to better accommodate the user's incom-
plete knowledge and special context.

design were based on the elicitation of a set of user require-
ments, which was deemed as a straightforward, noncon[ov-
ersial, technical exercise (Waters, 1993). Mowshowitz (1926)
shows that in the early 1970s only 20 percent of information
systems in North America achieved their intended benefit.
Although a causal link between failure and design methodol-
ogy used was never proven, we note that during that period
of time linear and highly structured design processes were
the norm. And while we know that cIS design during that
epoch (for example, Calkins (1,572)) followed such structured
methodology, we see little published evidence that alterna-
tive design methodologies are being followed today (Waters,
1993). Modifications such as the Marble-Wilcox model (to9t)
cannot really be considered alternatives.

Incomplete Knowledge
Technical specialists often dominate the design team so that
users are marginalized by the design process (Dunn and Har-
rison, 1991). Laurini and Thompson (1992) point out that
users are often perceived as not knowing what they want,
not being able to clearly articulate their needs, having needs
which change over time, and not approaching the design
task in the right way. This situation can be viewed in two
ways: as a problem to be solved or as the naturally occurring
situation which must be accommodated by the design pro-
cess. The same dual viewpoint exists regarding subjectivity.
In order for system design to fully account for user needs,
the latter viewpoint must be adopted on both topics: the cIS
designer must ask how his/her design methodology ad-
dresses these naturally occurring, inevitable phenomena. The
typical user, who has recently had this new technology
thrust upon him/her and has not experienced multiple user
requirements analyses, cannot imagine how his/her work
habits and organizational structure might change, and per-
haps cannot list hypothetical novel geographic information
products. The user is a system component which is really
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Data Model or
Conceptual Model

Figure 3. Reinterpreta-
tion of Peuquet's four
levels of data abstrac-
tion (after Maguire
and Dangermond
(1ee1)).



Figure 4. Communicating spatial information (after Kuhn
(1ee0)).

Altenative Models
What is so wrong with the models portrayed in Figures- 2
and 3? One problem is that the models illustrate a single
pass and do not explicitly promote cycles of learning or user
ieedback, where the cts user's mental model plays a role in
the design or modification of the GIS. As a slight modifica-
tion to tLese simple models, Medyckyj-Scott's graphic {1993,
p. 91) includes a-feedback loop to the "requirements" box,
6ut only after implementation and testing- have already- been
compleied. Aeain, while we realize that the seasoned data-
base designet-will krrow to "read between the lines" and that
these models really are not as simple as they appear,-it must
be stressed that in today's rapidly expanding GIS field we can
make no assumptions a'bout ihe background or knowledge of
the plavers (Gould, 1991; Medyckyj-Scott ' 1993).

Since the appearance of the linear models in Figures-1
through 3, seveial alternative models have been suggested'
Kuhfs (1990) model of communicating spatial information
(Fieure 4) illustrates a dual viewpoint: the user's mental
moidel of the phenomenon of interest as opposed to the com-
puter model of the objects to be represented' Most imp-ortant
is that it places the uier between these two views, neither of
which is iabeled "reality." The user requirements analysis-
must consider both views, just as the architect must consider
both his technical view and the less precise (but very real)
"look and feel" which characterizes the homeowner's view'
The architect will not have satisfied the homeowner if the
house is built using sound design and construction princi--
oles but does not riake the homeowner comfortable and does
irot correspond to his/her prior mental model. Also note that
the architect cannot easily ask that the unsatisfied home-
owner "wait for fixes in the next version."

Institutional issues have been added to the communica-
tion model by several authors, logical in that GIS are devel-
oped for organizations more than for individuals' Marble and
Wil"o* (rgdr) mention the importance of these issues, as
part of tLeir modified structured approach, but they do not'suggest 

what to do about them. B6dard (rsaz) speaks of the
daiibase "gatekeeping" function of a central LIS agency. The
existing rules and-regulations of such an institution will of-
ten obs*cure or minimize the effects of individual or group
mental models about how the system should function' The
result of the GIS/LIS design process is a database which re-
flects an "official" view of ieality which binds all system
users (B6dard, 1987). Thus, GIS designers who routinely deal
with tlese institutions may be prone to assume that the indi-
vidual user's opinion is of little importance in the concep-
tual design ptotess. This assumption might-be avoided by
adoptioriof B6dard's communication model, which does not

"*pii"itly 
accommodate user feedback but does permit a plu-
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ralistic (consensus) view of the database, where individual
user views are indeed considered.

Chrisman (1987) proposes a culturally based communi-
cation model, which he ionsiders the institutional evolution

of the cartographic communication model (see Figure 5.)'
Chrismin's cultural model differs conceptually and

sraohicallv from the linear models in Figures 1 through a'

Tfr" crs designer who adopts this mental model of system

desien is enJouraged to ac-knowledge, accept, and promote a

feed6ack cycle belween him/herself, the user, and the user's
institution. Chrisman thoughtfully included two levels of

feedback processes: data collection and socio-economrc proc-

"rr"t, 
f"U"t"a a and b, respectively, in Figure 5' Alth-ough

thu p.o""ttts are not desciibed in detail, we can read into

the eraphic two statements: (1) data collection should be car-

ried"oui by personnel within the agencies- involved, so that

G;i. ;";iew of the world is considered, and (2) individual

Deople have some influence over the practice of institutions
but are sometimes subsumed by the institution'

Chrisman (t982) concurs with an earlier argument-in
this article, when he states that the first conclusion of his

cultural argument is ".'. that geographic information is a hu-

*u", ro.i"i commodity. It is iotltrictly empirical and objec-
tive.;' (p. 1369) He then goes on to warn against the opposite
extrem6-pure relativism--where we lose touch of our com-
mon, cultrlral reference sYstem'

Another user-sensitive system design model is that pro-

oosed bv the ANSI-SPARC committee some two decades ago

isee DatL (1983) for details). Here, individual user views of

ihe real world are accommodated at what is called the exter-
nal data modeling level (see Figure 6)'

The conceptrial level, then, is seen as the- "community
view" (Date, rges) or the "official view" (B6dard, 1987): the

,vnthesis of all user views into a single concePtual database-'
Ii follows, therefore, that individual user views (mental mod-

els) of the cIS and its geographic information must be con-
ria"."a during initial Ionieptual databa-se design if' i1 lh.9

"orrrr" 
of systEm use, the user is to be able to exhact his/her

appropriate view from the database.,- 
iminor improvement on the ANSI-SPARC model is a re-

vised diagram by Frank and Mark (1991), which-explicitly
links the 

"externil schema of two user grouPs to both the con-

ceDtual and internal levels of abstraction (Figure 7)' This

connection, and the absence of directional arrows' permits --
an implicit feedback between the user's view and the overall

\ , ,

r--_l

Data managed bY institutions

Human Institutions & symbolic systems

\,t

Individual PeoPle

Figure 5. The cultural Communication model (af-
ter Chrisman (1987)),



Real World

Figure 6. Interpretation of ANS|-SPARC data modeling lev-
els (after Laurini and Thompson (19921).

ture (e-g., Nyerges, 1993; Egenhofer and Herring, 1993; Gan-
ter and Crane, 1993) but such citation is for the most part
gratuitous, aimed at demonstrating that cIS user interface re-
search is underway. Mark and Gould's deeper message,
aimed more at conceptual design principlei than at the expo-
sition of user interface alternatives, is encapsulated by the-
following points:

o The prime objective should be to enhance user interaction
w)th geographic information and with geographic problem-
so,lwng, rather than with software or hardware (p. t+Zz1;

o Much of the "user interface problem" is not a piogramming
problem, but rather a conceptual and a human-prollem (p.-
7429),

r Underlying the design of crs are questions such as, ,,What do
pe.ople do [with or without computers]?" and, more specifi-
cally, "What do crs users do?" (p. 1a29).

Mark and Gould referred superficially to the work of
Winograd and Flores (19S6), but they failed to dulv publicize
its ce_ntral mess-ag-e: the hermeneutic system design alte.na-
tive. Here, the following section gives a brief intrbduction to
the -concept of hermeneutics and then suggests a hermeneutic
model which may be used to substitute oiaugment struc-
tured design models. This hermeneutic model, or view of
system design, may serve to create a more user-centered
mental model among GIS designers.

Hemeneutlcs
There are several philosophies of science available to us, and
we will look briefly at three, Positivism, described earlier, as-
sumes a context-free, objective study of the external world.
This is the philosophy of science most commonly held by
geographers involved in GrS-related activities ana, luaging Uy
contributions to this iournal, it is dominant in fields outsiae
of geography as well. Structuralism, pioneered by L6vi-
Stra-uss and Pia_get and upon which many curreni cognitive
studies rest, is based on theorizing and deriving abstiact
models rather than on empirical sludies. Let uJlook at hypo-
thetical examples of each approach. The GIS researcher whio
uses satellite imagery to "prove" that defoliation in a partic-
ular zone is positively correlated with nearby toxic eduents
is practic-in-g positivism. The approach can be identified by
its use of objectively defined boundaries and classifications,
and quantitative methods of hypothesis testing. The GIS re-
searcher who attempts to define-as an intellectual exer-
cise-the mental model people use to define fuzzy

design and implementation of the database. This feedback
rupports the prototyping system design model, cited by
Dunn and Harrison (1991) and Waters (1993) as a "thiid gen-
eration" design methodology, and could theoretically be ex-
tended to the approach suggested in this article.

- The diagram by Frank and Mark also eliminates explicit
reference to the so-called "real world," which seems mis-
placed in any model which permits true user-specific views.
These individual views should be based not on a single, pre-
conceived real world, but rather on n context-dependentieal
worlds for n users or user groups. This is not to say that we
therefore have fallen into the relativism Chrisman warned us
of: we still retain the overall, common structure of the con-
ceptual view, and the experience which all humans share.
Thus, the conceptual level is our "shared real world." To
Frank and Mark (1991), this means negation of certain objec-
tivist ideas, and adherence to the newly developed philoso-
phy of experiential realism (see Mark, 19s9). In this article,
however, we suggest an example of what Waters (1993) la-
bels the "fifth generation" of system design, which "drew
strength from the phenomenological and hermeneutic
traditions" (p. 64).

A Hemeneutic View
This article has discussed several views on the relation be-
tween user and geographic information, as well as some
common models used to represent that relation within the
colceptual design process. Mark and Gould (rSS1) high-
lighted an alternative view-from the perspective of uler in-
terface design-where computer use iJ de-emphasized in
favor of direct use of geographic information, and, thus, fo-
cus is placed on the external (user) level of system design.
Their commentary has been cited frequently in recent li'tera-
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Conceptual Schema

External Schema A
(user view)Internal Schema

(physical data
storage)

External Schema
(user view)

Figure 7. Relations between three ANS|-SPARC levels of
abstractions, for user groups A and B (after Frank and
Mark (1991)).



geographical entities, such as regions, i-n order to be able to
imp-lement these entities as objects in the database, is prac-
ticing structuralism. This approach can be identified by its
lack of empirical testing; the researcher theorizes that a cer-
tain mentai or behavioril structure exists based on intellec-
tual reasoning and on anecdotal evidence' Both these
approaches aisume that the researcher is on the outside
t6o^ting in, a disconnected observer of the phenomenon of
interest.

A third possible approach is the hermeneutic approach:
inquirv based on constrained subjective interpretation rather
than oiiective explanation. Hermeneutics (from the Greek, to
interpret) is defined by Packer (1985) as "an attempt to de-
scrib'e and study meaningful human phenomena ." based on
practical underitandine"-(p. 1082), which implies getting be-
i-rind th. social and hislorical context of the subject (the
writer, the politician, the computer programmer, etc.)' Alter-
natively, w6 might view hermeneutics as the application of
phenomenology: a post-positivist philosophy which
Lxamines the Toundations of expeiience and action' Phenom-
enology seeks original context, to disclose the world as it
showJitself before scientific inquiry, as that which is pre-
given or presupposed by the sciences (Pickles-, 1985). Thus'
it fo"rrtm on the conteitual background which normal (posi-

tivist) science conveniently assumes away or ignores in an
effort to conduct a controlled study'

But Iet us not become lost in abstract definitions of her-
meneutics, which is meant to be based on practical interpre-
tation. Thus, to contrast the earlier applications of positivism
and structuralism, we can state that the GIS researcher who
conducts interviews of potential system users, to learn more
about their view of the application domain and their prior
exDerience, is practicing hermeneutics. To be even more
faiinrut to the principlei of hermeneutics, the researcher (de-

signer/analyst)-at the same time would make explicit-notes
re*garding his/her own prior experience or context, which
will affeit his/her interpretation of the users' comments'
These introspective not-es are essentially metadata, and can
be just as important to the user requirements documentation
as metadata are to the fidelity of a spatial database.

A key to hermeneutics, noted here by two geographers,
is the explicit acknowledgment that context is inescapable'

Hermeneutics: awareness of cultural biases in the design of re-

search as well as in the conclusions derived from them has led

to debates over ideology, knowledge, and power, or, of some,

acknowledgments of th-e hermeneutic circle. The researcher has

begun to aciknowledge his/her role as participant rather than ob-

server of reality. (Buttimer, 1990, 24J
The dialogue ... both enriches the analyst'-s understanding and

enables the subiect to divulge meanings: the analyst learns to

live the life of the subiect by participating in his language' Her-

meneutics, then, is basicallv an empirical science, in that it

seeks to explicate meaningi at the phenomenal level and does

not seek universal truths \ing beneath those meanings. (]ohn-

s ton ,  1983 ,611

Extrapolating from the first quote, the analyst must rec-
ognize thit the Heisenberg principle applies to his/her par-
tiiipation in the user requirements analysis. That is, the
anaiyst cannot be, at the same time, covert observer and di-
rector of the analysis. And if he/she is in fact directing the
analysis, then his/her opinion, tendencies, and even race,
r"*,Lg", etc., may filtef through and have some effect on the
p.o."Jt. According to the second quote, it is not enough that
the analyst pay a quick visit to the user site: he/she must get
intimateiy invblved in the users' context and learn their lan-
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euase. Marble and Wilcox (1991), proponents of structured
iretiodology, say of the GIS designer (analyst) that "it is val-

uable to hive a ;'neutral" leader of the design process-one
who does not have to overcome a history of interactions with

other participants." According to the hermeneutic approach,
it is piecisely this disconnectedness that we are trying to
avoid in theiocially based user requiremerrts analysis'^

Hermeneutics stresses the empirical observation of true
behavior, not the simulation of thit behavior or a rep-ort of
what that behavior usually is like. Furthermore, it is based
on the view that this behivior-thoughts, speech acts, judg-

ments-is necessarily based on interpr-etation and not on the
disconnected observition of obiective facts. Further details
on hermeneutics in general, and on its role in the social sci-
ences, can be found"in Bauman (1978), Bernstein (1983)'

Bleicher (1980), and Gadamer (1976)'

Precedents
Although there are no known direct references to hermeneu-
tic anaiysis in the GIS literature, there do exist a few key.
orecedents within the geographic and human-computer inter-
iction literatures, and in indirect reference in the field of
GIS. It should also be noted that to a great extent GIS is not

all that different from general information, systems' Two pub-

lished works are espec'ially important to the-context of GIS
desisn: Winoerad 

".td 
ploi"t (isso) and Turk (1990)' The

first"is a wide"ly cited book on cognition and the design o^f . .

"ompnte. 
systems, which is diffeient from others in the field

of himan-ctmputer interaction (ucI) because it is firmly
rooted in hermleneutics. Not only do Winograd and Flores
suDDort the use of hermeneutics as an empirical method for
unh'erstanding human action (e.g', what people do with com-

outers). their"entire thesis is basLd on hermeneutic method
lnd iti'base philosophy, (See the quote at the beginning of
this article.)

Turk (igso) is the most comprehensive review article to
date on the variety of perspectives and methodologies availa-
ble to HCI."seatc[ ainied at GIS design. Turk has a back-
ground in philosophy-in addition to his specialty of
Iurveying-land h6 t6o cites the importance of the
hermeneitic paradigm, especially the work of Heidegger
(1e62).' 

A significant minority of geograPhers-has also promoted
hermene"utic ideas. A salient example is the work on the re-
lation between phenomenology and science by Pickles
(1985), and then his later admonishment of the GIS commu-
nity for being essentially blind to philos-ophies which are
non-oositivisl in nature (Pickles, 1993). In that same
oublication, Sheppard (1993) attempts to demonstrate how
io-called "Automited Geography" is not at all philosophi-
cally neutral, and how its relia-nce on hypothesis testing' -
r"cdnaa"y data processing, and S6ellan- logic End it implic-
itly biased toward a singrilar view of science' Of his philo-
sobhical alternatives, Sheppard cites "Interpretative
upp.ou"h", ... [which] empiasiz-e the difficulty of both deter-

"ii"i"g 
the significant aspects of geographical phenomena

and piacing a"definitive interpretation on them"' Another
well-lknowi geographer, Petei Gould- (1988)' in an essay criti-
cal of the -""cttiniitic cognitive studies which intend to
inform GIS design, states,

... the texts [maps, other symbolic systems] are inanimate things
without meaning unless interpreted and given meaning from a

wholly human h"ermeneutic p-erspective"' ' Pointing to the hu-

*"n 
"'"t 

of interpretation giving meaning to a text simply rein-

forces the importance of a statement and conclusion "' every



text-creation, and every meaning-giving interpretation, is con-
text dependent.

Gould is not attacking cIS per se but, rather, the poorly
conceived approaches to their design, and he puts hii finger
on a key aspect of hermeneutics: context. Finally, it should
be noted that Waters' (1993) one-page column entitled ,.cls:
Paradigms Lost" is an important contribution to the debate
on alternative GIS design methodologies (paradigms). As
mentioned earlier, his "fifth generation" of system design
correspo-nds to the hermeneutic method. Waters also pro-
vides a fruitful "pointer" to the extensive work of Hiishheim
and Klein (rggZ) on the topic of information system design
paradigms.

Evidence of the diffusion of Winograd and Flores' her-
meneutic ideas (or perhaps of Heidegger's original work) is
the work of HcI researchers (and Digital Equipment Corp.
employees) Whiteside and Wixon (1987). We quote from
their suggestions to HCI researchers:

We invite the authors [readers] to observe some people doing
some real work and to try to do this with as few-thebretical pre-
conceptions as possible, lollowing a hermeneutic approach. ip.
357)

and from their section entitled "Consider interpretation a vi-
able alternative to explanation or modeling":

[Model-based HCI] ... has elements that are assumed to
have meaning independent of the context in which thev
occur... . Formal m^odeling seeks explanation in terms df
a supposed underlving trrie structure. Interpretation
seek-s-a more relative iruth, one that is sens^ible and ap-
propriate to the situation at hand, but not absolute or-
timeless. Thus, interpretation is much more contextuallv
dependent than formal modeling. Practical desien, how"-
ever, is exactly the creation of thines that will ioik
well in a specific context. (p. 361, eimphasis added)

The Shared, Social Wodd
Hermeneutics is based on the experienced or shared world,
not pure-relativism whereby the real world exists only in the
minds of individuals. It is based on everyday practice, not
e-veryday concepts; on what people actually do and not what
they soy they do or are hypothesized to do. This is the very
cor_e of -Heidegger's philosophy (Heidegger, 1962; Dreyfus
and Hall, 1992). There are certain events that we cannot pre-
tend are personal, such as walking on the ground and
breathing air: these are both experienced and shared. That
these events are due to gravitational attraction is a theory,
not a fact of our experienced world. That people share simi-
lar experiences-both cognitive and bodily-ii one of the
keys- to herm_eneutics. According to Heidegger, ,,meaning is
fundamentally social and cannot be reduced to the meaning-
giving activity of individual subjects" (cl Winograd and Flo-
res, 1986, p. 33). Applying this to our design task, the shared
world concept is what makes possible the conceptual level of
GIS database design (see Figure 6), which cannot, by defini-
tion, allow the coexistence of n relativistic external models
for n users. It is necessarilv the svnthesis of all these.

Because of the assumption of this social, shared world,
hermeneutics is circular (Buttimer, above, mentions the ,,her-
meneutic circle"), so as the analyst tries to get at the under-
Iying context of his/her subiects, helshe becomes immersed
in his/her own context and'in the context of the local work
environment, which shapes and colors the way he/she will
interpret the comments of future subjects. This is an iterative
structure that we should not attempt to hide or eliminate, as

LIL?

it is inevitable. Instead of treating this circle of prejudice (or
pre-urrderstanding) as a fault of the analysis, we should
openly recognize it and make it explicit (i.e., write it down
and include it in the user requirements document). We high-
light this circular characteristic in an effort to demonstratJ
that, simply by considering hermeneutics in our user require-
ments analysis, we have already completed one iteration-,
and_are already arc doing herm-eneutics. That is, by consider-
ing-hermeneutic inquiry, we are questioning our piejudices
and the possibility of one single, objective &planation of the
real world. A hermeneutic attitude toward the design process
may reduce the tendency to dictate norms or presciibe, and
may incre-ase the tendency to explore, question, and admit
the prejudicial aspects of the user requirements analysis. At
a more idealist level, hermeneutics encourages a moie truth-
fu1, ethical user requirements analysis

Thlownness
Winograd and Flores (1986) describe in some detail several
key aspects of Heidegger's philosophy-and, thus, hermeneu-
tics-which can be applied to system design. Two of the
most applicable are breakdown and thrownness. The former,
explained by Mark and Gould (1991) in the context of crs
user interface design, is a situation which suddenly makes
the previously unconscious use of a tool very conscious.
This would be the case when we are approaihing a stop sign
and suddenly find that our car's brake p-edal doei not frrncl
tion, or when the cIS user must leave his/her problem-solv-
ing mode to attend to a UNIX system error.

Thrownness-an awkward term due to imprecise transla-
tion from the German-is essentially Heideggei's explanation
of non-rationalistic behavior. Winograd and-Flores explain
that they deliberately use the tetniationaljsfic ratheithan
rational because, while they do not defend irrational behav-
i9r, lhey d9 wlsh to highlight certain aspects of rationalist
thinking which leads to no1 very rationil behavior when
viewed in a broader perspective. The rationalist decision-
mqkingmodel (according to Winograd and Flores, 1986, p.
20), such as promoted by Simon and his colleagues (Simon,
1976), assumes a person rationally chooses from among con-
crete alternatives following a series of steps:

o List the alternative strategies,
. Determine the consequences of each strategy, and
a Comparatively evaluate each set of consequences.

This rationalistic model nicely matches the methods
used in structured system design.in the practical world,
however, we find thLt the ratio-nalistic -bd"l does not con-
form to what we observe in the daily workplace. The work-
place demonstrates an intractabilitv which Simon's model
does not accommodate, and this can adversely affect our
uier requirements analysis. The real world is not so well-de-
fined and structured aiwe would like it to be. We return to
the experience of HcI researchers Whiteside and Wixon
(1987), who indicate that the basic assumptions of certain
quantitative user studies (i.e., goal-oriented, rationalistic be-
havior) may be fundamentally flawed and, thus, inappropri-
ate.for stud-ying the behavior of interest. This is sup-pbrtdd by
their considerable time spent observing users in naiural envi-
ronments:

The discussion of goals and goal-oriented behavior ... does not
capture what we have observed in the field or the lab, in our
studies and observations of users. In a tightly defined, carefully
controlled laboratory situation, where the us-er has been given a
set task, goals are perhaps identifiable. However, in a moie rep-



Figure 8. An attempt to preserve the fidelity of
two "user views," of User 1 and the Manager.

A Hemeneutic GmPhic
ihis article speculated earlier that simple graphics can be-

come default'mental models for GIS designers who otherwise
fr""" 

"ot 
explicitly formed a model of the design process' If

ittir ir ttt" case, then our hermeneutic alternative needs to
provide a sim-ple graphic for this purpose' Figure B repre-

sents one such attemPt.
A detailed description of Figure B is in order' Each par-

ticipant in this cts deiign proceJs-designer, manager, and..n

"*it-ft"t 
his/her *o.id ,r:i"* (vw). This wV is conceptually

isomorphous with the external level as defined by ANSI-

spaRc, and contains intellectual, philosophical, experimen-
tal, and social components of the person's-daily experience'
The \rw ellipse is not isomorphoui across human zubjects;
however; soine people have i wider range of social, intellec-

tual, and cultural sliills, dne mainly to increased experience
in a complex shared world. This shared world (sw] is repre-

sented Uv tfte large, central ellipse, and is isomorphous with

ifi" 
"o""tpt"al 

le"vel of the aNsi-sPARC definition' Each of the

arrows reiresents a view of the geographic data available'
firir 

"i"# 
need not be assumed itralgtrt and unobstructed, as

seen in the case of the manager in Figure B, and the surface

across which we view the data is nonisotropic' The mana-
qer's view, for example, is necessarily complicated by meta-

Eata concerns such is data cost and quality, whereas the

orJltt"ty user's view is more simply Content-oriented' The

arcs alo'ngside each arrow represeni what we have termed

f""aUt.tioops. In this herm6neutic model these return paths

reDresent. more concretely, the flow of geographic informa-
tidn. ftris allows for various cycles whereby a user visualizes

unJ -"rr"g"t geographic data (bases) and gradually builds
more and 

"vari"ed interpretations of geographic i nformation'
That is, the user's view is not static and is permitted to
evolve. When the user requirements analyst probes the po-

Lntial user, this mental model reminds him/her to consider
not onlv the person's view of the data, but also how the in-

terpretation 
"nd 

,tt" of those data affects the user's work' A

,rsd. requirements analysis may n-eed to reiterate several

times pLr user (or user Sroup) beforer proceeding to the next
world view (lw).

ihe uttaiytt-must take special care with treatment of the

shared world"(sw). Traditio;al user requirements analysis,
based on an objective model, would be represented by a

heavy arrow wfti"h does not cross any- one user's world

"i"*. 
fnit is akin to proceeding straight to the conceptual

database design without considering -sp-ecific user input' -
AdherenJe to this model would help guarantee that the

conceptual database design truly reflects both- personal views

u"d tti*ua--orld "realiti-es." Doing so should improve the

oossibilitv of designing a GIS which, when queried by a par-

[i""]* 
"ttt, 

is abie to 
"produce geographic information which

is both locailv and glo6allv relevanl and useful' Finally, we

siress that th6 mode"l does not emphasize either a strictly
subjective or objective focus on the design process, but

rather, a socially mediated compromise'

Conclusion
Goodchild (ro9z) proposes that we look-beyond GIS's techni-

cal consideiations to ionsider a geographic information sci-

ii"", und' he questions "the extent tb which Grs as a field
contain a legitimate set of scientific questions and the extent
to which thJy can be expressed ..' ."-(P' 32)' But, in order to

identify the fuU range of these questions, the GIS community
*itt .td"a to exercisE a fundamental but unused muscle: or-

gani""d skepticism. The basis of arguments such as those of

resentative situation, users are often unable to state unambigu-
ous conditions of satisfaction' and are dependent on the context
in which they are operating. (p' 359)

Heidegger proposes that we are often thrown into situa-

tions, whei6 th-e possibility to step back and objectively .
weigh our optioni does not exist.  A good example is again--

the i-rse of th-e car's brake pedal. When we are driving rapidly

and suddenly a dog runs in front of the car, we are thrown

into action, ind are not permitted any sort of removed con-

templation. There is no time to weigh the options or form a

new^ mental model of the situation. Winograd and Flores
(1986, pp. 34-35) Iist several characteristics of thrownness

itt"t *r ian apply directly to the user requirements analysis

situation.

r "You cannot step back and reflect on your actions": the user
is not able to leave his/her shoes and obiectively analyze his/
her needs;

o "The effects of actions cannot be predicted": the user often
cannot predict the requirements and the deliverables o-f a yet-
unimplemented cts, eipecially if he/she is not presently us-
ing another GIS;

o "Y=ou do not have a stable representation of the situation":
the user cannot have a stable representation of his/her needs,
because (1) there wiII exist fragmentary and conflicting infor-
mation and (2) the user may be confronting occupational
changes as a tesult of the cis implementation; and

o "Eveiy representation is an interpretation": there exists no
single representation of the work environment and the user's
tt""?t, otly interpretations. Therefore, the analyst,should be

asking the'user for his/her impressions, ideas, and reactions
rathei than asking obiective "What is...?" questions'

Whiteside and Wixon (tgez) make direct reference to

thrownness, as an alternative to rationalistic assumptions:

We suggest, as a possibility, an alternative assumption: Users
do noiitart with goals at all; rather, they are always already
acting in a situation, thrown to it as it were, unreflectively and
unanalyticallY' (P' 3o0l

Furthermore, they believe that often a subject -wiII "in-

vent" a qoal, posf hoi, it asked by a researcher to list one'

The cls 
"clesigner 

should be wary of users inventing goals or

needs, so as to satisfy a rigid analysis procedure.
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Pickles (1993) and Sheppard (1993) is not that positivist sci-
ence and related work is all wrong, but rather that GIS ram-
bles along, blind to the alternatives which other "scientists"
considered long ago. While their thought-provoking argu-
ments come from outside the walls, the core cIS community
Iacks a serious self-critical element. Critiques such as that by
Aangeenbrug (rsot) are really only software wish lists, and
do not touch upon the deeper issues a fledgling field must
confront before it can begin calling itself a science.

This article does not intend to promote hermeneutics as
an outright substitute to normal scientific method and struc-
tured design. What it does aim to point out, however, is that
certain key elements of the cIS design process, such as user
requirements analysis and conceptual database design, are
not agreed upon and easily quantifiable. Thus, they do not
necessarily need to follow the same paradigm as more fixed,
technical aspects of system design. The elements in question
are based on social science research, on interviewing people
and interpreting and understanding what they have to con-
tribute, and on the non-rationalistic situations in which these
people sometimes operate.

It is hoped that the practical nature of hermeneutics has
been transmitted by this article, and that the reader is not
left thinking it is hopelessly transcendental or inapplicable.
(Perhaps industry practitioners will need to rename the ap-
proach so that it sounds less academic!) Hermeneutics is not
a cookbook of hard rules to be followed; however, it can be a
fresh perspective on the problematic of cls design, a perspec-
tive which can be applied to the way we work. Based on the
above discussion of a hermeneutic GIS design model, we can
summarize recommendations for GIS designers in the follow-
ing items:

o Our human/geographic information communication model-
implicit as a mental model or explicitly drawn on paper-
should accommodate multiple external views and feedback
cycles for each user or usefgrorp;

o The person (or team) conducting the user requirements analy-
sis is always an intrusive participant in that analysis, not a
disinterested observer, and the requirements documentation
should ref lect this'

o The hermeneutic design model encourages the analyst to fo-
cus on the task of interpretation, not explanation based on
pre-established norms;

o User requirements analysis based on a user's rationalistic, ob-
iective behavior may be counter-productive and misguided,
as he/she is often thrown into complex situations which are
difficult to describe;

o This lack of ability to precisely describe his/her situation is
not cause for the inalyst to abandon the user's input but,
rather, a signal that another cycle of interpretation may be
necessary;

. Designers should familiarize themselves with Winograd and
Flores (1986), as perhaps the most succinct, readable, and rel-
evant treatment of hermeneutics available; and

o Simply becoming aware (through Winograd and Flores) of the
existence of hermeneutic alternatives to obiectivist thinking
signifies a first, basic application of hermeneutics. This is 5e-
cause, by comparing the two philosophical approaches, the
reader is forced to question his/her presuppositions as an ob-
jectivist thinker (or analyst). Identifying his/her inherent con-
text fand prejudices) is a first pass in the hermeneutic circle.
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