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Abstract—The design of software intensive systems often takes
place in informal conversations. The nature of these
conversations is not yet well understood. A state transition model
of such conversations is proposed, and a transcript of a
conversation between expert designers is analyzed. The model
suggests that designers move quickly through states of idea
generation and evaluation, utilizing speech, diagram, and gesture.
They switch perspectives, taking on the roles of different actors
and objects. Conflicts in the evaluation stage may occur because
some perspectives help fulfill different criteria held dear by
different designers. These conflicts are time-consuming – and
essential to the design process. Future research in this area may
focus on how the different design representations provide clues as
the collective state of the design process. Conflicts, once detected,
might be resolved by producing two models, each fulfilling
alternative criteria.

early stages of software design, however, do not require
commitments. Instead, agreement on the structure of system is
sought. With this in mind, we create a provisional state
transition diagram for the realm of software-intensive systems
design conversations. This model is shown in Figure 1.
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I.

PROVISIONAL MODEL OF DESIGN CONVERSATION
How does a design start? Early stages of design begin with
much uncertainty. Users often don’t know what they want.
Designers don’t understand the domain. So design often takes
place as a kind of sense making [1]: designers talk to each
other, and seek to gain insight into a problem, which will
manifest in their choice of objects and relationships.
Designers have available many different ways to partition a
system, corresponding to the many ways of categorizing a
domain. The domain of interest here, traffic simulation, can be
perceived in different ways. For example, Manhattan can be
seen as a set of about 10 avenues and 200 streets that cross, or
as a set of 2000 intersections connected by blocks. The traffic
pattern in Manhattan can be defined as the percentage of cars
that pass through each intersection and turn in a particular
direction. Alternatively, it can be defined as the traffic
constituted by the starting points and destinations of all drivers.
There is, then, much for designers to discuss.
Their dialogues are casual. Such dialogues can be analyzed
using speech acts [2] and related techniques such as the
Language/Action Perspective [3]. Winograd’s technique sees
conversation as a dance that can be expressed as a state
transition diagram, in which speech acts move the participants
from state to state, toward an action. The technique’s focus has
been on processes that involve promises and commitments. The

Figure 1. A state transition graph of design conversation
This model contains the main states that are assumed to
function in design: a state of generating, and a state of
evaluation. In the idea generating stage, a designer suggests an
idea, and other designers build on the idea by refining it or
suggesting new related ideas. In the course of generating ideas,
designers may take on in turn the perspective of important
actors in the system, such as users, and the objects of the
problem domains, such as roads and traffic lights. In
brainstorming [4], participants are encouraged to stay in the
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creation state for as long as possible without evaluating. But in
natural design conversation, evaluation and creation are
intermingled: all it takes is a comment from a participant about
the suitability of an idea, and an evaluation conversation
ensues. If the idea is evaluated similarly by all involved, then a
state of agreement is quickly reached and the designers proceed
to generate new ideas. On the other hand, if someone disagrees
about the merits of an idea, a dispute ensues. Such disputes can
bog down the conversation, and so designers will sometimes
table a dispute so that work can proceed along other
dimensions.
The process of evaluation is complex. In the case of early
software-intensive systems design, the idea to be evaluated is a
description of an object and its relations to other objects.
Designers are trying to match artificial objects they know how
to build, such as queues, to objects that exist in the world, such
as lines of cars at an intersection. Since there are many possible
ways of dividing the world, the evaluation conversation is
about choosing the most promising way of matching these
well-understood artificial objects with the objects of the
problem design [5].
How then can ideas be evaluated as they come up? What
formal criteria can be used? It is most likely that criteria will be
informal, and will shift. In fact, finding new design objectives
is often part of early design [6]. However, there are certain
criteria that come up again and again in design. One of them is
practicality, the degree to which a design is consistent with the
design constraints. This criterion is important. But often the
problem statement or specification has within it conflicting
requirements [7], and so the designer may need to loosen or
disregard some constraints. Moreover, designers often
disregard constraints for other reasons.
There are other criteria that are often used. One is
simplicity, which has been found to be a near-universal
criterion in all forms of design [8, 9, 10, 11, 12]. Another is
modularity [13], which is related to an economic objective,
lowering the cost of development. There are several others that
often are used: usability, performance, scalability, flexibility,
security, manageability, and safety. These involve tradeoffs:
Flexible systems often don’t perform as well as performanceoptimized but more rigid systems, for example. Thus the
designer is faced with a large dimensional evaluation space:
each design solution can be regarded as a point in a space with
as many axes as there are criteria. Moreover, it is hard to judge
objectives such as performance before the system is
implemented. Hence, designers use heuristics and rules of
thumb to make their decisions about which criteria to use, and
how well a design fulfills a criterion.
The normative way of addressing such multi-objective
decision problems is to discover Pareto-optimal sets [14]. That
is, designers search for a set of solutions that are clearly better
than other solutions, because they are the same as or better than
the dominated solutions on all dimensions. This set might
include a solution strong on flexibility and weak on
performance, and vice versa, but would include no solution
weak on both dimensions. This technique is not often taught to
software design teams and so we don’t expect to discover it in
most design conversations.

Overall, our understanding of design conversations is low,
and thus the exploratory study here, and the related studies in
this workshop, may advance our knowledge of current practice,
and suggest ways of improving it. We proceed by analyzing the
transcript a single design conversation. In particular, we are
interested in disputes that may happen in the evaluation
process. Design can be an argumentative process [15], and we
hope to uncover here how such argument takes place, and what
it yields.
We are also interested in the ways arguments relate to
perspectives. In the world of spatial design and spatial
cognition, one can quite literally shift perspectives. For
example, one might view a map from above, or one might
describe the way one traverses a route [16, 17]. These shifts
may also correspond to the use of diagrams, to show plans, and
the use of gestures, to show traversal [18]. In the world of
software design, perspective may correspond to the point of
view of actors and objects. That is, the designers may
consciously try to see the world from the perspective of these
objects. In doing so, they may understand better how to model
the system. On the other hand, they may fixate on one
particular viewpoint. Sometimes viewpoints are mutually
exclusive, as in a Necker cube: we can only see things from
one perspective at a time. In such cases, design dialogues may
help designers to take on roles and explore the space of
different partitions and relationships.
Next, we analyze a design conversation.
A. Background
The design conversation, part of the corpus of this
workshop, is between a male and female designer from the
company Amberpoint. Both are expert designers: the female
has a background working with software developers, and the
male has a background working with users. They are presented
with a written problem definition, the design of a traffic
simulator, and they proceed to sketch out a design in the course
of a little less than two hours. The interaction was videotaped
and transcribed, and supplied to participants in this workshop
by the organizers.
Approximately 12,000 words are spoken over the course of
108 minutes. Each person spoke about 150 times, so the
average turn was about 40 words. No one turn used over 300
words. Thus, the conversation involved a series of short
speeches, consistent with the concept of turn-taking [19]. The
video transcript shows that most of the diagram drawing was
done by the male, but the female gestured on and enhanced the
diagrams at various points in the talk.
B. The opening themes
The first conversation is about the end users of the simulation,
identified as students and a professor by the male: “Students
need to be able to build these roads.” The female says “So it's
like a drawing tool that can allow them to lay down these
intersections.” In other words, the male identifies a particular
object, the road, and the female elaborates or modifies this by
using the word “intersection”. She next says: “I suppose
there's some traffic speeds at which these cars travel.” She has
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introduced another object, a car, and an associated
characteristic, speed. He responds: “I don't know if they can
set the speeds. They can set the density.” He is referring to the
problem definition that mentions the ability to set the density
of traffic but not the speed. He is evaluating her introduction
of the concept of speed, and dismissing it on the basis of
practicality: the specification of the problem doesn’t call for
setting speeds.
This initial interaction will be expanded upon over the next
hour or so, as they debate in different forms whether or not it is
necessary to model the cars themselves. Density is an attribute
of a road, not a car, but speed is a characteristic of a car, and so
this opening conversation raised two alternate perspectives.
The diagram on the white board shown in Figure 2,
extracted from the video during the first conversation between
the two designers shown above, is used to visualize both
intersections in the real world and the simulation interface for
the end users. The diagram persists through the design process,
helping the designers reason spatially and refer to their
previously expressed ideas. They can point at this diagram and
still express their two very different perspectives.

The female, a little later, says:
Well, so one is you want to change the layout of the map, two is
you want to change the parameters you gave us in terms of speed
and timing, right? And three, you want to run it, meaning little
dots are moving, showing you how the traffic is flowing.

Here, she is sticking to the idea of speed, and she is
imagining cars as dots moving on the simulation. Later we will
find out the male is thinking that the road itself could just
change color to indicate congestion – that the cars themselves
would not need to be drawn.
C. The Argument
The designers proceed to work through how signals will
work at intersections for the next 35 minutes. Then, the female
reintroduces the car idea [0:41:23.8]:
F: Now, with regard to the actual cars, okay. So, you start simply.
You want to pump a single car through the system and you want to
be able to specify where it starts and where it's going/
M: I think it sounded like from here you pump in traffic from the
edges of the streets.
F: I understand but what does that mean? In other words, the traffic,
you know what does that mean to pump in traffic?
M: You'd set a rate, like this many cars come in per minute going this
direction.
F: But you want to build up on the complexity of it, so I want to start
off and say I have a car starting at A that wants to end up on the
diagonal of, you know, D and whatever, if there was a fourth street
or something, right? So it seems to me that in order to do that,
each car has to have a destination, a starting point, and a
destination ‐ the route it needs to take. Because if I just start
pumping, I say hundred cars and they just go.
M: Yeah, I don't know how you'd figure out like what percentage of
cars are turning left.
F: Exactly, so how many cars are going this way, are they making
right, so this traffic increases because this is the suburbia and
they're all making a right over here.

Figure 2. The diagram used to represent real intersections and user
interface

In the intersection-centric view cars are controlled by
intersections, and in the car-centric view, cars have start points,
destinations, routes, positions, and speeds. Both perspectives
have something to recommend them, but it is not apparent to
the two designers the strengths of the other’s beliefs and
arguments until later in the conversation.
The designers in the other two videos in the corpus, who
work at Adobe and Intuit, do not explore the issue in as much
depth. They decide that the cars can more or less be controlled
by the intersections, consistent with the male designer
viewpoint in this Amberpoint video. But there is much said for
the car-centric approach, and some simulators do model the car
in the way the female designer recommends. We are interested
how the female designer argues her case.

M: I don't know so much that it'd be done at a car‐by‐car basis, but I
think there's additional information on each intersection about
what percentage of cars do you expect to be going straight, making
a left turn, and making a right turn.

This is a perspective conflict. He says that you can stay
with the intersection, with the distribution of cars at the
intersection, and she is saying that realistically cars have
destinations: the destinations are set ahead of time, not at an
intersection.
He is right that it is possible to set the distributions at
intersections, feed in cars, and let the intersections manage the
traffic distribution. But she is right that this is not a realistic
model of what happens in the world. Perhaps because she
understands that his way is simpler to implement, and so she
makes the following design argument [0:43:08.7]:
F: That why I thought that maybe, you know, just like we have pallets
for these things, maybe we have—in other words so you can
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customize your car but there's some cars that you know, again,
Volkswagon vs. Mercedes that have certain characteristics. You
know, I always go straight, or I always make a left turn whenever
possible. I always make a right turn when possible, you know I
make left and the right. So this way, you can simulate something
that easy again. Because otherwise, how do you tell these cars
where to go? You see. Okay, I say I want fifty cars on the grid, but
I don't want them all going the same way.
M: I just think at each intersection, there's like a random number
generator. That's the distribution of a given car that comes up to
this intersection from the west to the east, you know 80% go
forward 10% go left and 10% go to the right. Something like that.
F: But then you have no control over that.
M: Yeah, it didn't sound like you need control at the individual car
level, I guess that's all.
F: Well, by controlling it at an individual car level you end up
controlling the flow. You need some control with the flow, so
what kind of maneuvers, you know how do you program a little
car? How do you say, whether each car or—
M: Are you saying there's actually a car out there?

She is certainly saying that, and he is beginning to realize
she is making an argument from a different perspective. The
dialogue continues [0:44:47.0]:
F: I'm entertaining this idea, whether there should be a car out, and
there are different types of cars you know.
M: Yeah, put it up there.

the criterion of practicality. She is saying you can have a
distribution of cars, but the cars shouldn’t be controlled by the
intersections. They should have directions and routes.
They come back to the issue again [1:02:34.5]:
F: But Jim did we finish with the cars kind of? Did we have a
[inaudible] for the cars that you would just be saying, I want fifty
cars?
M: I think I felt like each of these has a density, like number of cars
per—….
F: … you would say left, south going, you know, whatever, that you
just put in these percentages and say, I will have three cars starting
at D West, and they're going to go this way.
M: I think this, though, is part of the intersection, the percentage that
turn at the intersection.
F: Really? You see I thought it was, because what I thought would be
that the car would be its own thing. Cars are independent of
intersections I feel, so you want to leave the intersection. You
want to change the behaviors of the cars without changing the
behaviors of the intersection, so it's the cars [see Figure 2] that has
the knowledge of where it's going and how it’s behaving. So my
idea was that, you know, a car would start here and it will note that
at every opportunity it will turn left and then right and then left
and then right, that's the characteristic of this car. This car would
just go straight. You know?

F: I don't know, talk through this with me. Because on one hand, as
you said, you can generate these, but you still need to be given
some [inaudible]. You need to characterize the cars. …
M: Yeah, I think you would have to do that with a combination of
the density at certain hours and for a given intersection, a
percentage, what you expect to go left right or straight for that
hour.
F: So you say, I want 50 cars like this.
M: No, no, then I think you would say between these hours, 50 cars
start at B and then given the percentages, they're going to turn at
9am.
F: So that's what I was getting at, so you need direction, south. Where
they're going, start, end, where they want to end, right? Because if
it's starting where is it going? Or it doesn't have an end, it just
follows.
M: I think it doesn't have an end, you can just give it a density and it
just follows these rules. Because I think, in viewing, like the
simulation would be so hard for the students to set up if they had
to design a separate car for each.
F: So it has to have a starting point, and then you set something about
time. How this can adjust itself depending on time.
M: Potentially, I don't know if it needs to be that complicated but I
could see, I mean realistically—

The male designer thinks that the introduction of the car
makes the model overly complex for what it has to do. That is,
the problem statement doesn’t say you need to model cars, it
just says you need to model density. He thinks the model can
be built at a higher level, based on specifying a distribution, not
the actual cars. Thus, his objection to her scheme is based on

Figure 3. Diagram vectors expressing intersection’s or car’s
perspective

Figure 3 shows the two designers arguing about whether
the car should be controlled by intersections or independent of
intersections. The diagrams evolve from the initial simple
diagram as shown in Figure 2. Both the male and female make
use of the diagrams to make each other to understand his or her
own points.
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This is an example of taking on a perspective. It is a route, not
a survey, view of the traffic problem (cf. [16]).
This example suggests that gestures as well as language
may be important in delineating changes in perspective, as well
as indicating dispute.
The female designer is making a point related to
modularity: cars are independent of intersections. That is, once
an intersection has its traffic light timing set up, the user might
want to change the nature of the overall traffic flow and see its
effect on all the intersections. The user doesn’t necessarily
want to reset the distribution of left turns at every intersection.
Thus, she now has a strong argument that her model will aid
the user.
Later, the male designer brings the issue up again
[1:18:24.8]:
M: Okay, then cars. This is where we still have a little doubt. This is
kind of the editing‐setting mode, and then for each road, you can
specify the density: how many cars per minute, hour, are traveling
through.
F: Yeah, but I would take more, so I would take the map drawing as
one thing, but the intersection specification and the car
specification, I would take it more as a part of the simulation. So
you build your roads and you build all of that, and you've got your
distances and your speeds and all of that. Now you're getting ready
to simulate.

So he wants to just specify density, and she wants to have a
separate car specification.
Now she invokes simplicity [1:20:06.1]:
F: So I would start simple, Jim. So why don't we start out by saying
how many cars do I want in the system, and for now we will
assume that they are evenly distributed starting at all possible
entries, you know, lets make it simple, hmm? So in other words if
I say I want one hundred cars, I'll get, you know, however there
are prongs outside divided by that and that how many will start.
Start simple. And again, just to start off, I would say, you know,
just to even see whether the traffic is moving at all, they're all
going straight. The simplest possible scenario. You have X cars
starting even going straight. Is the traffic moving? Because there is
no point in, you know, I would think that's how you would
approach you know, is it even moving at that point? And then if
it's moving well, however you measure that, you can start building
complexities into the cars, into the traffic.
M: Anyway, so then you could say how many permanent. Or you
could just say 100 and distribute evenly.
F: That's what I was saying, just to make it simple.

Figure 4. Gesture movement vectors expressing the car’s
perspective

Gesture also play an important role. In Figure 4, extracted
from the video during the dialogue quoted above, the female
designer is turning away from the board toward the male
designer. She gestures, perhaps as if she is becoming the car.

M: Because if you want to specify it, you know, that's like a big‐ass
dialogue. We would have to think about it some more, because
there's a lot of, right?

He still is not in agreement [1:23:54.0]:
M: This is something where I'd go back to the customer and try and
figure out, how did they collect this data, you know like Professor
E must have statistics about, you know San Francisco traffic, like
does she have it in terms of at each intersection, this is the
percentage of cars going each direction, or does she have, between
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nine and five, this many thousands of cars are trying to get from
this point to this point, you know. So look at what kind of data she
has available to her that her students are used to working with,
because otherwise we're [inaudible] how this data is really
working.

His point is the following: it would be nice to know where
all cars go, but it is likely that we don’t know that. We have
may have sensors at intersections, in which case we do know
which percentage turn left or right.
The topic is raised again [1:26:18.0]:
F: This is cars?
M: Yeah, percentage of cars we're doing it off, rather than do it at the
intersection. This is why we need to check with the professor
again. This is part of the simulation. It's either we build up a whole
set of cars or we say at each intersection, this is the percentage of
F: Yeah, yeah I don't know the level of control we need on the
traffic—how it's going, its not clear to me.

She is making the argument of modularity again: from the
user’s perspective, it seems better to model cars separately. She
makes it clearer [1:27:28.6]:
F: Yeah, and in some ways, I would say, within the simulation you
may want to keep, again, separate the intersection from the cars.
Because you want to have this map, with this kind of intersections,
and pump different kind of cars through it. So you can mix and
match.
M: So you want to leave one of these constant and change the other.
F: Exactly, exactly.
M: This lighting seemed to work for, you know, this [inaudible] of
traffic.
F: So this has to be like the main object. Your map is a named object,
your intersection configuration is a named object, and your traffic
patterns are named object. So you can say, I want to use this map,
with this intersections, with these traffic patterns.
M: So then this was the percent? What was this? This was the
density, and then this was the turning percentages, direction
percentages, okay. Okay. So then what I want to do, you build the
simulation, you run it in which you use this map and then we have
a graphic way of showing where all the traffic is backing up, and
we also have some kind of table that shows you the average
maximum wait‐time, average maximum number of cars and
average through each intersection.
F: So what do we do? We build a flex application that has little dots
moving? I mean how do you visualize this simulation?
M: Yeah, yeah or we could just color the road bolder if there's traffic
waiting there.

Even in the visualization he is thinking you can avoid
having cars. She comes back to the issue yet again [1:42:36.2]:
F: Yeah, but then there are also the cars, which kind of [inaudible]
them into sections need to be aware of, because that's where we
know what's happening, and we want the cars themselves also to
know where they are at. So there is a relationship between the

road, very dynamic relationship, between the car, the road, and the
intersection. Because car is always on the road, on some road. And
some percentage of the time the cars are in intersection. So cars
always on the road, and sometimes in intersection. And the
intersection tells the car what it can or cannot do at any given time.
And the car needs to tell the intersection what it wants to do. So
the car knows what it wants to do, where it's going and the
intersection tells the car, yeah.
M: It might ask the approach what the traffic configuration is.
F: So the car is going on the road, it approaches the intersection.
M: Yeah, that's kind of where this stuff lives. We haven't really, this
is where we find some conflict.

The male is fighting for practicality, the letter of the
problem statement. The female is fighting for realism and
modularity. Simplicity is invoked by both: it is simpler to avoid
specifying traffic patterns of cars, but it is also simpler to reuse
intersection timings and vary the traffic patterns, rather than
reconfigure all the distributions at each intersection.
These different proposed models are in a Pareto optimal set:
neither dominates the other. Which is more desirable depends
on how strong the different criteria are in the minds of the
designers.
II.

DISCUSSION AND CONCLUSIONS

We formed a provisional model of software intensive
design conversation, which posited that designers will move
from idea generation to evaluation states many times in a
conversation. Also we posited that conflict will occur in the
evaluation stage, as a result of designers emphasizing different
evaluation criteria.
The Amberpoint video provides one in depth instance of a
design conversation. In the conversation, there is indeed a
conflict, over the way that traffic should be represented. The
conflict surfaces early in the conversation, and is returned to
many times over the 108 minutes of the dialogue. Thus, at least
in this instance, design conversation functions as a state
machine, with different states visited and revisited.
The reasons for the conflict can be inferred from the
dialogue. Both designers invoke different criteria to bolster
their argument. The male designer uses an argument based on
practicality: the specification doesn’t include a call to
manipulate individual cars, only traffic densities. These can be
most easily controlled at the intersections, objects that are
necessary anyway to control the signals. In addition, it is likely
that statistics about traffic flow are probably collected at
intersections, so the interface will match individual data. He
also invokes the criterion of simplicity: the model would be
easier to build than the alternative. The female designer thinks
that traffic should be modeled as sets of individual cars, with
starting points and destinations, or routes, built in. She argues
that is a more realistic approach, as, in fact, cars are not
directed to destinations as a result of their encounters with
intersections. Later, she argues her point based on the criterion
of modularity: the patterns of lights at an intersection may be
independent of the mixture of traffic that flows through the
intersection. She also invokes simplicity: it may be easier to
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configure a set of cars than to fiddle with the percentage of lefthand turns at a large number of intersections.
It does seem that over the course of the conversation, each
designer gains a better understanding of the alternative models.
However, it hard to tell if the process of conversation is leading
them to uncover the latent reasons for their respective
preference, or whether they are simply mustering better
arguments to bolster their positions. Likely, both things are at
work. The backgrounds of the designers are consistent with
their preferred criteria: the male works with end users, and the
female works with developers. The male puts more credence in
the problem statement, and the female is paying attention to the
independence of objects in the model.

occurs, this large space may collapse down into a few clear
criteria. Instead of forcing this to happen through a predefined
method, it maybe better to allow the rearrangement to occur at
the right time, when the designers are ready to hear each other.
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