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Abstract

Function is an ambiguous concept, whereas having explicit and precise concepts is critical for building a systematic science
of engineering design. Based on Bunge’s scientific ontology, this paper is devoted to developing an explicit and precise
concept of function for design science. First, we attempt to clarify the concept of behavior, which is closely related to func-
tion and is also shown as an ambiguous concept in engineering. Second, the concept of action is imported from scientific
ontology into design science. Third, a scientific ontology based concept of function is proposed, together with an ontology-
based functional taxonomy. A case of a function definition of a civil aircraft type demonstrates that the proposed concept of
function is more explicit and precise than previous ones, and it can lead to better functional design results.
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1. INTRODUCTION

In design science, function is usually regarded as a critical con-
cept in research on design theory and methodology (e.g.,
Hubka & Eder, 1996; Pahl & Beitz, 1996; Suh, 2001). In in-
dustry, function is regarded as a key concept in some engineer-
ing design guidelines (e.g., VDI 2221, Verein Deutscher Inge-
nieure, 1993; ARP-4754A, SAE Aerospace, 2010). It seems
that there is in design science already an explicit and precise
concept of function. However, function has been defined in
multiple different ways and is currently an ambiguous concept,
as pointed out in recent reviews (Erden et al., 2008; Vermaas,
2013). Typical understandings are, for example, function as in-
put—output transformation (Pahl & Beitz, 1996), function as
purpose (Gero & Kannengiesser, 2004), and function as in-
tended behaviors (Goel et al., 2009). As pointed out by Ver-
maas (2013), design methodologists have been aware of the co-
existence of such different meanings for more than a decade,
but they usually avoid disputes or other efforts aimed at re-
solving it.

A direct consequence of the ambiguity of the concept of
function is that different functional descriptions can be given
to one and the same artifact, even if it is used in the same sit-
uation. For example, multiple functions can be given to a hair
dryer, such as fo blow and heat air, to dry (wet) hair, or to
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evaporate water (on hair). This consequence is probably harm-
less, given that many designers largely depend on past experi-
ences when incrementally developing some technical artifacts,
as is the case for building tools design companies (Eckert,
2013). However, it may become rather serious when designing
some complex artifacts (e.g., civil aircrafts) through systematic
design processes, which often entails an initial function defi-
nition task. Without an explicit and precise concept of func-
tion, it would be impossible for designers to develop an ex-
plicit functional model (Eckert, 2013), thus hampering the
implementation of such systematic design processes.
Although function will remain in the near future as an am-
biguous concept in engineering, the authors believe that a sin-
gle concept of function will eventually emerge in design sci-
ence, because such a concept is not only necessary for
developing a systematic science of engineering design but
also indispensable for applying design science to industry.
Note that this concept of function need not fit all engineering
fields (such as design, analysis, and diagnosis), because the
meanings of function usually depend on different kinds of
engineering tasks or different methodological goals (Goel,
2013; Vermaas, 2013). In our opinion, an ideal concept of
function for design science should possess three basic fea-
tures. First, it should have an explicit philosophical founda-
tion, and thus it will not easily raise contradictions. Second,
it should be described with terms that have been developed
in science. Third, it should be able to bridge the gap between
the human need domain and the physical solution domain, as
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required by most systematic approaches to engineering design
(e.g., Pahl & Beiz, 1996; Suh, 2001).

It has been widely accepted that ontology can help en-
gineers and scientists to reach explicit and sharable concepts
and knowledge about the world (e.g., Guarino, 1995). There-
fore, this paper attempts to employ Bunge’s (1977) scientific
ontology to build a function concept for design science. The
reasons why scientific ontology is adopted here are that, on
the one hand, it is a widely accepted ontology in scientific
philosophy and, on the other hand, it has dealt with several
explicit concepts (e.g., behavior) that are closely related to
the concept of function. This paper can be taken as adopting
the revisionary approach to functional descriptions in engi-
neering (Vermaas, 2013) through proposing a single concept
of function for design science. It will present definitions of
function and other related concepts, it will also give some de-
tailed commitments of such concepts, and it will compare the
proposed concept of function with existing understandings.

This paper is organized as follows. With the aid of scien-
tific ontology, Section 2 attempts to clarify the concept of be-
havior for design science. Section 3 introduces the concept of
(physical) action in scientific ontology, which is helpful for
understanding the concept of function. A scientific ontology
based concept of function is then developed in Section 4, fol-
lowed by a case study in Section 5. Finally, Section 6 con-
cludes this paper.

2. BEHAVIOR

Many engineering design studies have related function with
behavior, and some of them even employ behavior to define
function. However, just like function, behavior is also an am-
biguous concept in engineering design. Therefore, it is indis-
pensable to clarify the behavior concept first. Note that we are
primarily concerned with physical behavior here.

2.1. Behavior in scientific ontology

Bunge’s scientific ontology does not give a direct definition
for behavior. It only deals with the word behavior in some
sentences. A representative sentence is as follows: “Clearly
if one of the things acts upon the other, then while the behav-
ior line of the agent remains unaffected, that of the patient
becomes, . . .” (Bunge, 1977, p. 257). Here, the behavior
line refers to the state (change) line of a thing (i.e., the trajec-
tory of a state or its change) over a period of time.

Therefore, based on scientific ontology, it is reasonable to
define the behavior of a thing as its state or state change over
a period of time. Here, a thing refers to a physical entity (i.e.,
a substantial individual) endowed with all its properties
(Bunge, 1977). For example, when we say, “a car is moving
from city A to city B,” what is described is the “moving” be-
havior of the car, while “from city A to city B” is an adverbial
phrase for modifying its behavior state change over time. To
have an explicit concept of behavior, some ontological com-
mitments about behavior are given below.
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First, any behavior belongs to a thing, which accords well
with Bunge’s viewpoint (i.e., any state or state change be-
longs to a thing). Note that the thing that a behavior belongs
to can also be regarded as its subject (Chen et al., 2011). For
example, in the behavioral description mentioned above, the
moving behavior belongs to the car, which can also be re-
garded as the behavior’s subject.

Second, a behavior can be directly associated with a phys-
ical state variable, which is self-evident in scientific ontology.
For example, the moving behavior mentioned before is actu-
ally related to the state variable location, which is not expli-
citly pointed out though.

Third, behaviors can be classified as static behaviors and dy-
namic behaviors (Chen etal., 2011). A dynamic behavior refers
to the state change of a thing (e.g., the car’s moving behavior
mentioned before). In contrast, a static behavior deals with
the invariable state of a thing over a period of time. For example,
in the description a paperweight is standing on a pile of paper,
the standing behavior of the paperweight is a static behavior.

Fourth, because a behavior describes the state (change) of a
thing itself, it should be described with an intransitive verb
(Chen et al., 2011). For example, the verb stand or move, in
the aforementioned behavioral descriptions, is either an in-
transitive one or used in an intransitive way.

Fifth, according to scientific ontology, behaviors can be
further classified as induced behaviors and spontaneous be-
haviors. An induced behavior refers to the passive state
change of a thing directly caused by the external action of an-
other thing. For example, in the description “a table moves as
a man pushes it,” the table’s moving behavior is an induced
behavior. In contrast, a spontaneous behavior is totally active
(e.g., the rotating behavior of the Earth).

It is expected that the ontological commitments listed above
can help designers form a scientific ontology based concept of
behavior and can provide some guidelines about how to
describe a behavior. In addition, they can also serve as some
criteria for judging whether a description is a behavioral one.

2.2. Comparisons

Based on the ontological concept of behavior mentioned above,
it is now possible to analyze the existing definitions of behavior
in engineering to see whether they accord with the proposed
ontological meaning of behavior. Due to limited space, only
two representative definitions are employed for comparisons.
One representative definition is given by Bobrow (1984) in
artificial intelligence research, by which a behavior refers to
the time course of observable changes of state of the compo-
nents and the system as a whole. By this definition, the behav-
ior of acomponent or a system can be regarded as its own state
change in a time course. It is, therefore, basically consistent
with the ontological definition of behavior mentioned above,
except that it does not take static behavior into consideration.
The second definition is given by Gero and Kannengiesser
(2004), who argue that behavior refers to what an object does.
For example, the behaviors of a window (i.e., what a window
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does) include light transmission, ventilation restriction, winter
solar collection, and so forth. Such an understanding of behav-
ior is also shared by some other researchers in engineering de-
sign, as reviewed in our recent research (Chen et al., 2011).
However, this behavior concept is not an ontological one and
can lead to philosophical issues (i.e., the behavior of an entity
may unreasonably depend on properties that do not count as
properties of the entity), which have been pointed out by Dorst
and Vermaas (2005). For example, because airflow cannot be
treated as an ontological property of a window, it is then not so
reasonable to treat ventilation restriction (i.e., airflow restric-
tion) as an ontological behavior of the window. It is more
suitable to treat such behaviors (e.g., ventilation restriction)
as actions, another concept to be introduced in Section 3.

Compared with the definition given by Gero and Kannen-
giesser (2004), the scientific ontology based concept of be-
havior will not incur the aforementioned philosophical issue
and is therefore more explicit. According to scientific ontol-
ogy, the behaviors of a window are, for example, to rotate
for a wider open angle or to shrink into a smaller size in a
cold weather, but this concept will not deal with the processes
such as airflow restriction.

3. ACTION

In contrast with the concept of behavior, little engineering de-
sign research has formally dealt with the concept of action.
However, this concept is also closely related to the concept
of function (Chen et al., 2011). Therefore, we continue with in-
troducing the concept of action. Note that what is of primary
concern here is physical action, although the concept of mental
action will also be discussed. If not pointed out otherwise, the
word action will refer in this paper to physical action.

3.1. Action

Actions (i.e., physical actions) are ubiquitous in the physical
world. Scientific ontology gives a formal definition for phys-
ical action (Bunge, 1977, p. 258).

Let x and y be two different things with state functions F
and G, respectively, relative to a common reference frame,
and let 2(x) and h(y) be their respective state histories. Let
H be a third state function, depending on both F and G, and
call 4(y|x) the corresponding (state) history. Then x acts on
, if for some state function H determining the state trajec-
tory A(y|x), h(ylx) # h(y).

In this definition, the state function refers to a mathematical
function regarding the trajectory of a state change over a pe-
riod of time; the common reference frame can be regarded as
a common reference coordinate, with its vertical axis and its
horizontal axis representing the state variable of interest and
the time variable, respectively; a state history denotes a state
trajectory. Some significant ontological commitments of the
concept of action are as follows.
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First, according to scientific ontology, an action must deal
with two things. If analyzed from the perspective of the sub-
ject—object relation, the thing (x) that exerts the action can be
treated as subject, and the thing (y) that is acted upon can be
treated as object (Chen et al., 2011). For example, in the action
an oven is heating food, the oven is the subject and the food is
the object. In contrast, a behavior only deals with one thing,
which can be regarded as the subject of the behavior.

Second, what an action primarily concerns is the result (i.e.,
state change) of the action on the object, that is, A(y|x), which
means that an action emphasizes a state change of the object
(Chen et al., 2011). For example, in the oven case mentioned
above, what is emphasized is that the food (i.e., the object)
gets heated (i.e., its temperature goes up). In contrast, a behav-
ior is concerned with the state or state change of a subject.

Third, because an action requires a common reference frame
in scientific ontology, the state function of the subject, that is,
h(x), should share the same state variable (/) as that of the ob-
ject, thatis, h( y). This is an important commitment for differen-
tiating an action from its indirect influence(s). For example, if a
hot thing x is put together with a cool thing y, a heating action
will make y heated, where the common state variable is tempera-
ture. If the thing y still has good heat extensibility, an indirect
state change will also occur, that is, the size of y extends. If
the common state variable were not required, it would be diffi-
cult to tell which state change (i.e., the temperature increase or
the size extension) is the direct result of the heating action.

Fourth, an action usually should be described with a transi-
tive verb to show the action of its subject upon the object (Chen
et al., 2011). For example, in the aforementioned action de-
scription, an oven is heating food, the verb heat is used in a
transitive way. This is completely different from a behavioral
description, which should employ an intransitive verb.

Fifth, an action must correspond to a physical law, which
prescribes the action manner between the subject and the ob-
ject (Chen et al., 2011). In an ideal action description, the ac-
tion manner should be declared to avoid ambiguity. For ex-
ample, the aforementioned action should be ideally described
as a stove heats the room air via heat-exchange, where heat-
exchange is a specific action manner (rather than other action
manners, e.g., heat-radiation). In contrast, a behavior merely
deals with what state change happens to a thing, other than
how it is changed.

It is expected that the ontological commitments mentioned
above can help designers form an explicit concept of action
and can guide them about how to explicitly describe an action.
Based on such commitments, it can be found that the behavior
concept is fundamentally different from the action concept.

3.2. Mental action

Besides (physical) actions introduced in scientific ontology,
there are also mental actions that exist in the mental world.
A mental action can be regarded as the conceptualization of
a physical process in the human mind (Chen et al., 2011).
Note that the physical process here can either be a physical
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action, a physical behavior, or even their combinations. A
typical mental action is that a refrigerator stores fresh food.
Here, the physical process is primarily composed of the phys-
ical action, the refrigerator cools the germs on the fresh food,
the physical behavior, the reproduction speed of the germs
slows down as they get cooled; and therefore the physical ac-
tion, the decay action of the germs on the food slows down.
Mental actions and physical actions share some similar fea-
tures. For example, a mental action also has a subject and
an object; a mental action should also be described with a
transitive verb.

Mental actions can be classified as subjective actions and
objective actions (Chen et al., 2011). A subjective mental ac-
tion is a subjective conceptualization of a physical process,
which is imaginary and does not directly correspond to a
physical action. In contrast, an objective mental action is an
objective and correct conceptualization of a physical action
in human minds. Furthermore, there exists a one-to-one cor-
responding relationship between an objective action and a
physical action. Because a design process often takes place
in the mind of designers, what are actually involved in design-
ing are objective mental actions, which can be regarded as the
surrogates in designers’ mind of physical actions.

In engineering design practices, an interesting phenom-
enon is that many subjective actions are often unconsciously
misunderstood as objective (i.e., physical) actions. For exam-
ple, some designers probably think that a hair dryer has an ob-
jective action on hair (i.e., drying hair) that is actually a sub-
jective action. This is because when the hair-drying action is
mentioned, it actually implies a subjective conceptualization
of the hair, that is, the hair has two subjective states (i.e., dry
and wet), where the physical entity of interest is merely re-
garded as hair. However, if investigated from a physical
perspective, it could be found that the physical action behind
the hair-drying process is that the water on hair is heated for
speeding up its evaporation process, where the directly related
physical entity is actually water (other than hair). Therefore,
the hair-drying action should be regarded as a subjective
action, rather than an objective action.

4. FUNCTION

As mentioned before, function should bridge the gap between
the human need domain and the physical solution domain in
design science. Because human needs (e.g., amusing) are of-
ten subjective, while physical solutions are objective, func-
tion therefore should be an intermediate concept that posses-
ses both subjective attributes and objective ones.

4.1. A scientific ontology based concept of function

Engineering design activities exist because the physical
worlds around human beings are in undesirable states or can
possibly change into undesirable states. Therefore, the function
of an existing/desired physical system can be regarded
as a special kind of desired mental action on the objective
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world of interest, which is expected to change the objective
world from a problematic state into a satisfactory one or to
prevent it from changing into an undesirable state. Hereby,
the desired special kind of mental action can also be called
functional action, while the objective world refers to an ob-
jective conceptualization of the physical world (i.e., the sur-
rogate of the physical world in the mental world). Note that
the function concept here must deal with physical (i.e., objec-
tive) entities and therefore are not suitable for energy- or sig-
nal-focused functions.

Functional action also shares some similar points with
physical action. For example, a functional action also has a
subject and an object, and it should also be described with
atransitive verb. Some significant commitments of functional
action are given below.

First, because a functional action should be related to an
objective (i.e., physical) world, it should be described in
terms of physical state variables. This commitment is critical
for differentiating functional actions from purely subjective
actions, which cannot be described with tangible physical
states. For example, the function of a hair dryer should be de-
scribed as to separate water from hair, which, based on our
previous research (Chen et al., 2007), can be represented as
a location relation transformation, that is, (HAIR.Location =
WATER.Location) — (HAIR.Location # WATER.Location),
rather than as to dry hair, which could be subjectively concep-
tualized as a transformation with a nonphysical state, for exam-
ple, (HAIR.Dry_State = false) — (HAIR.Dry_State = true),
where Dry_State is a nonphysical state variable.

Second, different from a simple physical (i.e., objective)
action, a functional action not only can be a generalization
of multiple physical actions used in a system, but also can
be achieved with some spontaneous behaviors, or even a
combination of both physical actions and behaviors. For ex-
ample, when a hair dryer is employed to separate water
from hair, the primary physical action is that the hot airflow
output by the hair dryer heats the hair, while the drying pro-
cess also involves a significant physical behavior, water
evaporates into gas, a spontaneous behavior that can accelerate
as the temperature of the water goes up.

Third, the consequence of a functional action must corre-
spond to the directly intended world state to be achieved for
the physical world of interest. Such a commitment is impor-
tant for differentiating the function of a system from its objec-
tive (i.e., physical) actions and is also crucial to keep a func-
tional description conforming to a human need. For example,
without this commitment, one could say that the function of a
hair dryer is to heat the water (on hair). However, because the
temperature increase of water is not directly intended, treating
the physical action of heating water as the function of a hair
dryer does not accord with the human need.

Fourth, unlike a physical action that merely deals with the
physical state change of one thing (i.e., one object), a functional
action deals with the state change of a world, which may com-
prise multiple things as objects and thus is more complex. For
example, in the function of separating water from hair, there are
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two things as objects (i.e., water and hair), and what it is actu-
ally concerned with is not the specific state change of either
thing but the location relation between the two things (i.e.,
they should not be in the same location; as shown before).

Fifth, a functional action should be represented in a way inde-
pendent of any specific physical processes for achieving it (Chen
et al., 2011). This commitment is consistent with the require-
ment from Pahl and Beitz (1996), that is, that function should
be represented in a solution-neutral way to enable the generation
of promising principle solutions in a wide solution space.

Based on these commitments, it can be found that the sci-
entific ontology based concept of functional action is differ-
ent from the concepts of objective (i.e., physical) action and
subjective action. The relationship between functional action
and the aforementioned concepts can be illustrated with the
set-based graph shown in Figure 1. Note that the subjective
action set is not directly indicated in the figure, because it
is equivalent to the set difference of the mental action set
and the objective action set. From this figure, it can be found
that our concept of functional action is an intermediate con-
cept between the objective world and the subjective world.
This figure can also explain how known physical actions
and known physical behaviors are conceptualized as different
mental objects. For example, a physical action (a,) can be
conceptualized as an objective action (a,); a physical behav-
ior (bp) can be conceptualized either as an objective behavior
(b,) or even as a functional action (ay).

4.2. An ontology-based functional taxonomy

Based on the general functional taxonomy (Chen et al.,
2007), an ontology-based functional taxonomy can then be

~ Objective |
! Behavior Set |

'Known Physical|

| Behavior Set E

Physica ? :
Action Set ! i Behavior Set

Physical

Fig. 1. The relations among various concepts.
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developed. Because a physical world often deals with the
static state of a thing, the dynamic behavior of a thing, the
action of one thing on another, and the relations between
two or more things, functions can then be ontologically clas-
sified as state-focused functions, (dynamic) behavior-focused
functions, action-focused functions, and relation-focused
functions.

A state-focused function means that a thing is in an unde-
sirable physical state and should be transformed into a desir-
able one. For example, when a person thinks that the water in
a cup is too cold, s/he will then propose a state-focused func-
tion, fo heat water, that is, to increase the temperature of wa-
ter. Note that a substance-transforming function can also be
regarded as a special kind of state-focused function.

A behavior-focused function means that a thing has a (po-
tentially) dynamic behavior that is regarded as dissatisfactory
and therefore should be transformed. This kind of functions is
often neglected in previous engineering design research. It is
suggested that the description of a behavior-focused function
should explicitly include the focused behavior, so that it can
be easily understood. For example, because water can flow
away, a behavior-focused function, to store water, should
then be clearly indicated as to prevent water from flowing
away.

An action-focused function means that a designer is dis-
satisfied with an action that one thing exerts on another, and
therefore a desired function is needed to change the action.
For example, a mechanical designer may think that the friction
action of a machine seat on a rotating axle is too big and there-
fore propose an action-focused function, fo diminish the
friction action of seat on axle. Similar to behavior-focused
functions, action-focused functions have also received little
attention from engineering design society. A proof is that
some designers even did not know how to explicitly describe
the function of a lubrication component (Eckert, 2013).

A relation-focused function means that a designer is dis-
satisfied with the relation between two things in a world,
and therefore a function is needed to transform the relation be-
tween them. A typical example is the aforementioned func-
tion, to separate water from hair, where what the designer
is actually interested in is the location relation between water
and hair (i.e., water and hair should not be in the same loca-
tion), rather than a state change of either water or hair.

It is expected that this functional taxonomy can clarify our
concept of function and can tell designers how to describe
different kinds of functions. In addition, it can also be found
that behavior or action is necessary for describing a function
in some situations, which is different from what is suggested
in existing design methodologies (i.e., only describing a func-
tion as a verb—noun pair).

4.3. A comparative analysis

Based on the understandings mentioned above, it is now pos-
sible to compare our scientific ontology based concept of
function with those in existing engineering design research.
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Due to limited space, only three representative functional
definitions are given below for comparison.

The first definition is from Pahl and Beitz (1996), who de-
fine function as a general relationship between the input and
output of a system, aiming at performing a design task. This
definition has served as the conceptual foundation of multiple
functional reasoning approaches (e.g., in Campbell et al.,
2000; Chakrabarti & Bligh, 2001; Chen et al., 2012; Nagel
& Stone, 2012). A major problem with this definition is
that it is not based on an explicit ontology. For example, it
even does not have the concept of behavior. Another problem
with this definition is that it is not suitable for the functions
that do not deal with explicit input—output transformations
(Umeda et al., 1996).

The second one is from Gero and Kannengiesser (2004),
who have defined function as the purpose (teleology) of an
artifact. However, because purpose is a purely subjective con-
cept, treating function as purpose would make function be-
come a purely subjective concept, which would make func-
tion ineligible an intermediate concept to bridge the gap
between the subjective world and the objective world. As a
result, it is often possible that such functions (i.e., purposes)
cannot be represented with explicit physical states (e.g., to
amuse passengers).

The third one is function as intended behavior (e.g., Goel
et al., 2009). As mentioned before, the behavior concept in
such research is more like our ontological concept of physical
(i.e., objective) action. Therefore, it is fair to say that function
in such research is regarded as intended objective action. Be-
cause intended objective actions are only part of objective ac-
tions, treating function as intended objective action would
make function become a purely objective concept. As a result,
such a concept of function then is insufficient to serve as an
intermediate concept between the subjective world and the
objective world.

Compared with the existing understandings of function de-
scribed above, our concept of function does not have the men-
tioned limitations. For example, because our concept of func-
tion can deal with potential behaviors or actions, it can also
represent the functions that do not deal with input—output
transformations (e.g., fto prevent water from flowing away);
because our concept of functional action actually lies between
the objective action set and the subjective action set (see
Fig. 1), it is just an intermediate concept between the subjec-
tive world and the objective world, and therefore can bridge
the gap between the human need domain and the physical so-
lution domain. Therefore, our concept of function can serve
as a more explicit and more reasonable concept foundation
for design science.

5. CASE STUDY

The function definition of a civil aircraft type is employed
here to illustrate the significance of an explicit concept of
function. For the sake of commercial secrets, the name of
the aircraft design company (ADC) is omitted here. Because
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civil aircrafts are very large and complex, aircraft companies
are suggested to follow some systematic aircraft development
guidelines to obtain airworthiness certificates with less diffi-
culty.

The function definition of an aircraft type is a process that
defines the functions of an aircraft type at the aircraft level and
then decomposes them into more detailed functions. The
ADC has invited some international experts, who are special-
ized in systematic aircraft design, to form an international de-
sign team to undertake the aircraft function definition work.
Part of the function definition result is shown in Figure 2,
where the aircraft functions are illustrated with three-layered
function trees.

However, it is not difficult to find that there are multiple
problems with this function definition result. For example,
while many functions were described with transitive verbs,
there were also some exceptions (e.g., to move from airport
A to airport B and to accelerate in air); some function-related
concepts (e.g., behavior and purpose) had been misunder-
stood as function (e.g., the behavior, fo accelerate in air,
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|
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Fig. 2. The initial aircraft function definition result.
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Customer Need

Related World

(Potential) Dissatisfying Aspect

Function

To move from A to B {Passengers}
To walk in aircraft {Passengers}
To sit in aircraft {Passengers}
To breathe {05}

{CO,}
To carry luggage {Luggage}
To eat food {Food}

At location A

No space to move (if no lanes)
To fall down (if not supported)
Not enough O,

Too much CO,

No (enough) containing space

To fall down (if not supported)
To slide away (if not fastened)
At low temperature

To decay (if not refrigerated)

Transport passengers from A to B
Allow passengers to move
Prevent passengers from falling
Make 02

Remove CO;

Contain luggage

Prevent luggage from falling
Prevent luggage from sliding
Heat food

Prevent food from decaying

To drink water
To keep warm

{Drinkable water}
{Cabin air, outer air}
To excrete {Excreting passengers, At same location
other pass.}

{Excretions}

To flow away (if not contained)
To cold cabin air through heat exchange
(if not isolated)

To flow away (if not contained)

Prevent water from flowing away
Prevent outer air from cooling cabin air

Separate the excreting pass, from other pass.

Prevent excretions from flowing to other places

and the purpose, fo amuse passengers); and many functional
descriptions in the third layer (e.g., fo provide passenger seats
and to provide lavatories) were more like structural descrip-
tions. Therefore, it can be concluded that the aircraft design-
ers did not have an explicit concept of function.

To solve the above problems, the authors were invited to
revise the functional definition result. A human need-driven
approach is suggested to help aircraft designers revise the
function definition result. The human need-driven approach
involves four primary stages. The first stage is to define the
human needs related to an artifact, which depends on how
people will behave or interact with the artifact. The second
stage is to derive the physical worlds (i.e., the objects of de-
sired functions) that are related to those human needs. The
third stage is to clarify the (possible) dissatisfying aspects
of the physical worlds. The fourth stage is to define desired
functions according to those dissatisfactions. Part of the
new function definition results are shown in Table 1.

It can be found that the new aircraft function definition re-
sult is better than the previous one, and conforms well to our
scientific ontology based concept of function. The functions
are clearly associated with human needs through related phys-
ical worlds and (potential) dissatisfactions. Some functions
that were previously described in an inappropriate way are
now explicitly described. For example, the description fo
move from (airport) A to B, which actually describes an air-
craft behavior, is now transformed as a state-focused function,
to transport passengers from A to B; the description fo pro-
vide passengers’ seats is now redefined as a behavior-focused
function, fo prevent passengers from falling down to the deck;
the description fo provide lavatories is now related to multiple
functions, such as a relation-focused function, to separate
excreting passengers from other passengers, and a behav-
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ior-focused function, to prevent excretions from flowing ran-
domly into undesired locations.

From this case study, it can be found that our concept of
function is more explicit and more reasonable than existing
ones, which has allowed designers to reach more explicit
and precise aircraft function definition results. Almost all air-
craft designers in the ADC agree that our concepts of behav-
ior, action, and function are explicit and understandable, and
can be applied to functional design practice.

6. CONCLUSION

Although function is regarded as a critical concept for design
science, it still remains an ambiguous concept in both aca-
demic research and industrial practice. Based on Bunge’s
(1977) scientific ontology, this paper is devoted to develop-
ing an explicit concept of function for design science. The
primary findings are as follows.

First, an ontological concept of behavior is clarified with
the aid of Bunge’s scientific ontology. Its primary ontological
commitments are provided to help designers understand this
concept, together with a comparative analysis.

Second, the ontological concept of (physical) action is im-
ported from scientific ontology to design science. Its primary
ontological commitments are also provided, together with an
analysis of the differences between behavior and action, and
the differences between physical action and mental action.

Third, based on scientific ontology, a more explicit and
precise concept of function has been defined as a special
kind of desired mental action, aimed either at transforming
an objective (i.e., physical) world of interest from a dissatis-
factory state to a desirable one or at preventing an objective
(i.e., physical) world from changing into a undesirable state.
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The primary commitments of function are provided, together
with an ontology-based functional taxonomy. The differ-
ences between function and other related concepts (e.g., be-
havior and action) are also discussed.

An aircraft function definition case has been employed to
demonstrate the proposed concept of function. Based on
our scientific ontology based concept of function, it can be
seen that aircraft designers can now define the functions of
an aircraft type in a more explicit, precise, and reasonable
way. It is expected that our function-related discussions
here can give academic researchers a more explicit and pre-
cise concept of function for developing design science, and
design practitioners a more stable concept for applying design
science to industry.
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