
Chapter 7
System-Environment View in Designing

B. S. C. Ranjan1, V. Srinivasan2, Amaresh Chakrabarti3

Abstract A system interacts with its environment to satisfy requirements. There-
fore, designing should involve developing the concept of both the system and its
surrounding. A comprehensive review of literature on designing to analyse the use
of  system-environment view in designing revealed that while the concept of sys-
tems is used, implicitly or explicitly, by many design models, the concept of envi-
ronment is rarely used as an evolvable construct in designing. Based on this, a sys-
tem-environment view has been proposed in this paper that consists of: System,
Subsystem, Elements, Environment and Relationships; each of these constructs is
explicit and evolvable during design. The proposed system-environment view is
empirically validated using protocol studies of design sessions, which were under-
taken before this view was developed. The validation involved checking whether
or not all the constructs in the system-environment view are naturally present, in
these design sessions. An example of system-environment co-evolution during de-
signing is also presented to show the importance of environment as an explicit
evolvable construct in designing.

7.1 Introduction

A system interacts with its environment in order to satisfy requirements of the sys-
tem and its environment. Therefore, developing the concepts of both the system
and its environment are important in designing. Various researchers, e.g. [1-4]
considered the interactions between system and environment as an important as-
pect of designing.

Asimow explained in detail the various interactions between engineering sys-
tems and their environment [1]. Deng et al. [2] showed that information of ‘work-
ing environment’ is useful for exploration of functional design solutions. Accord-
ing to Hall [3], physical systems not only exist in environment but they exist by
means of an environment. Hubka and Eder [4], in ‘Theory of Technical Systems’,
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defined environment and discussed specifically about ‘active environment’, the
portion of the environment that directly interacts with the system and plays an im-
portant role in the performance of the system.

While the primary focus of designing is to develop a system, environment must
also be identified, specified, and variously modified, in order to ensure that they
together are capable of fulfilling the requirements. Due to the primary focus of de-
signing on the system, current literature on design theories, models and approach-
es either completely ignores this system-environment view – the perspective of
taking both system and environment as explicit constructs – or focuses only on the
system as the evolving construct during designing.

Henceforth in this paper, the system-environment view considers – system,
sub-system, elements, relationships and environment, to help explain or design the
interactions among them and the system-environment co-evolution.

The need for a system arises from its environment. As system is developed, its
environment also gets modified. Hence, any changes in a system lead to change in
its environment. There are various examples in literature on the evolution of prod-
ucts, where changes in a system have led to changes in its environment, and vice-
versa. An example is the historical evolution of writing devices from the likes of
pen and inkpot, in which design efforts variously focused on: either the pen as the
system to be designed with the inkpot being given and hence part of the environ-
ment, or the inkpot as the system to be designed, with the pen being part of the
environment. Subsequently, the two were considered together, leading to design of
integrated pen and inkpot systems, such as a fountain pen or a ballpoint pen [5].
Another example is design of material handling robots such as pick-and-place ro-
bots. For these robots, the environment should also be designed, such as the loca-
tions of pick-up and place-down, the path of the robot and so on, in addition to the
design of the robot in order to satisfy the task that the robot has to perform [6].

Therefore, we argue that a system-environment view must consist of explicit
constructs to represent both the system and its environment, and must be incorpo-
rated into design theories, models and approaches as constructs that can evolve
during design.

The specific objectives in this paper are:
1. To check if current literature on design theories, models and approaches uses

the system-environment view in designing.
2. To propose a new system-environment view.
3. To check if the constructs of the proposed system-environment view are used

naturally in designing.

7.2 Literature Survey

Various design theories, models and approaches are reviewed to investigate
whether and how these take into account a system-environment view.
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In Cross [7], VDI 2221 [7], Visser [8], Ulrich and Eppinger [9], the problems
are divided to sub-problems for which sub-solutions are found and are combined
to produce solutions. This can be perceived as a system-environment view at the
level of problems and solutions but without the environment and relationships.

The outcomes of designing in French [10] are the selected schemes, general ar-
rangement drawings, and part drawings. The selected schemes are at system level,
general arrangement drawings are at subsystem level, and part drawings are at el-
ement level. In Cross [7] the outcomes are solution space, concept sketch, draw-
ings, evaluated drawings, and final production documents. The solution space,
concept sketch are at system level, drawings and evaluated drawings are at subsys-
tem level, and final production documents are at element level. In Chakrabarti et
al. [11], the outcomes are functions, solution-principles and embodiment. Func-
tions are represented using input-output description and solution-principles are
represented by stringed laws and effects. The input-output descriptions are either
at system or at element level. The individual laws and effects are at the element
level; these are strung together to form the system level description. Srinivasan
and Chakrabarti [12] used the concept of system and environment to define the
various constructs of the outcomes of the SAPPhIRE model. However, they did
not explicitly use the concept of system-environment in their integrated model of
designing.

Some researchers used system hierarchy structures to represent the system-
environment view. Lossack [14] used task structure, physical principle structure
and geometry structure. Pahl and Beitz [15] used function structure, working prin-
ciple structure, assembly drawings and so on. VDI 2221 [7] used function struc-
ture, module structure and so on. Cross [7] suggested the use problem structure
and decision trees. Similarly, Ulrich and Eppinger [9] suggested the development
of hierarchy of needs, in the concept development phase of design. In these re-
searches, system-environment view had been used at several levels of abstraction
without considering environment.

Hubka and Eder [4] developed a theory of technical systems. Their system-
environment view consists of system, subsystem, elements, components, relation-
ships, environment, and active environment. However, neither ‘environment’ nor
‘active environment’ is used as an evolvable construct in designing. They used
system hierarchical structures at different levels of abstraction e.g. transformation
process structure, function structure, organ structure, and component structure
[17]. Hansen and Andreasen [13] developed the domain theory based on systems
theory and therefore implicitly considered system-environment view. In domain
theory, there are three main domains: transformation, organ and part. Domain the-
ory and Hubka’s function-means law were combined [13] and function-means law
was modeled as a tree structure; it is set-up as a function/means tree which is a hi-
erarchical arrangement of functions and means that are connected by causal rela-
tionships. The function/means tree represents the system view in this approach.

Hall [3] used a system-environment view that consists of system, subsystem,
objects, relationships and environment. Hall considers environment as a major fac-
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tor in the design process, and hence used ‘initial environment’ and ‘final environ-
ment’ in his model of the systems engineering process; however, he did not use
‘environment’ as an evolvable construct during the process.

Asimow [1] and INCOSE [16] used system-environment view explicitly with-
out considering the environment. Asimow [1] in his morphology of design pro-
posed using system, subsystem, components and parts. Although he considered
the interactions between system and environment as important, environment was
not used as an evolvable construct in his model of designing. INCOSE [16], for
the systems engineering process, uses a view with these constructs: system, ele-
ment or segment, subsystem, assembly, subassembly, components and parts. Ul-
rich and Eppinger [9] in the system level design explicitly used a system-
environment view (without considering environment); in this view, the product is
divided into functional and physical elements. Functional elements of a product
consist of individual operations and transformations. Physical elements of a prod-
uct are parts, components and subassemblies.

Howard et al. [18] explicitly used modular hierarchical structures to represent
the system-environment view without considering the environment. Blessing [19]
used product model (which consists of product, assemblies, components and
standard components) to represent the system-environment view without consider-
ing the environment. Prabhakar and Goel [20] proposed Environmentally-driven
Adaptive Modelling (EAM), which uses Environmentally-bound Structure-
Behavior-Function [ESBF] model. ESBF model supports a hierarchy of interac-
tions between a device and its environment. In Environment based Design (EBD)
methodology by Zeng [22, 23] defines product system as “the structure of an ob-
ject (Ω) including both a product (S) and its environment (E)”. EBD uses a hierar-
chical representation in which system and environment are connected to each oth-
er via a set of objects. Zeng states that, “in the design process, any previously
generated design concept can be treated as an environment component for the suc-
ceeding design, as a result, a new state of design can be defined as the structure of
the old environment (Ei) and the newly generated design concept (Si), which is a
partial design solution”. This change in the state of the environment, where the
new environment consists of the earlier environment plus the new design, is pro-
posed as “evolution of environment”. However, this work does not propose sys-
tem-environment co-evolution as proposed in our paper. This is because Zeng
considers system and environment to be mutually exclusive [23]; therefore, the
new environment, created by adding a change in the system, amounts to changing
either the system or its environment, but not both and not together.

Relationships – one of the constructs of the system-environment view – are
considered explicitly by Hall [3], Hubka and Eder [4], Blessing [19], and Bhatta
and Goel [21]. Hall [9] stressed that relationships is what “makes the notion of
‘system’ useful” Hubka and Eder [4], in their system-environment view, define re-
lationships of various types e.g. analogy, homomorphy, isomorphy, equivalence,
identity, causality, coupling, goal-means, spatial and logical. Blessing [19] uses a
relationships model, which contains several relationships (e.g. spatial, functional
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and hierarchical). The structure of a device in the SBF model of Bhatta and Goel
[21] is represented hierarchically in terms of its constituent structural elements and
relations among them such as part-of, includes and parallely-connected. Lossack
[14], and Pahl and Beitz [15] consider connections or interrelationships using sys-
tem hierarchy structures. Chakrabarti et al. [24] developed a SAPPhIRE model of
causality; according to it: parts create organs. The relevant input and organs to-
gether activates a principle (effect), which in turn creates phenomenon. Phenome-
non changes the state of the system and its environment (state change), which can
be interpreted at a higher level of abstraction (action). Here creates, activates,
changes, and interpreted, as are the causal relationships among the outcomes.

The following points are concluded from the above review of literature:
1. Only some researchers consider the system-environment view. Very few con-

sider the system-environment view explicitly (e.g. Hubka and Eder [4, 17],
Hall [3]); others consider this view implicitly (e.g. Hansen and Andresen
[13]). Most of these researchers do not consider environment.

2. Relationships are explicitly considered in very few theories, models and ap-
proaches (e.g. Hall [3], Hubka and Eder [4], Blessing [19], Bhatta and Goel
[21]); the rest consider it implicitly (e.g. Lossack [14], Pahl and Beitz [15]).

3. Environment is explicitly considered in very few theories, models and ap-
proaches, e.g. Deng et al. [2] and Hubka and Eder [4].

4. None of the models consider ‘environment’ (that is universe without the sys-
tem) as an evolvable construct in designing. Consequently, none of the mod-
els note the occurrence of co-evolution of system and environment as a phe-
nomenon during designing.

7.3 Proposed system-environment view

We propose the following system-environment view, which consists of the con-
structs: system, sub-system, elements, relationships and environment. Here both
system and environment are evolvable constructs in the process of designing. The-
se constructs are defined as follows. A system is the overall product being de-
signed, at any level of abstraction. A sub-system is a subset of a system that can be
further divided. An element is a subset of a system or a sub-system, which cannot
be further divided. An environment refers to all subsets of the universe apart from
the system. The relationships are how system, environment, sub-systems, and el-
ements are linked with one another. Elements (and sub-systems) combine together
to comprise sub-systems. All sub-systems and elements combine together to com-
prise the system. System is characterized by a system-boundary that separates it
from the environment. System needs an environment (which is outside the system-
boundary) to satisfy its requirements.

These constructs are illustrated with a ballpoint pen, which is a system made up
of refill, body, and a cap. The refill is a sub-system consisting of elements like nib,
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ink and ink reservoir. The body is another sub-system consisting of elements like
upper-body and lower-body. The environment for the ballpoint pen includes pa-
pers on which it has to write, and an agent that uses the pen to write on the paper.
The above example is given only at the the physical structure level of abstraction;
however, the system-environment view can exist at any other level of abstraction.

7.4 Validation of the System-environment View

In order to validate the importance of incorporating a system-environment view in
design theories, models and approaches, we analysed video protocols from a series
of design sessions to check if the constructs of the view are used in designing.
Four designing sessions are used for validating the importance of system-
environment view. The intent was to check whether or not these constructs of the
system-environment view proposed are naturally used, albeit implicitly, in these
design sessions. The video and audio protocols, their transcriptions, problem
briefs, sketches of design session are taken from an earlier research [25], which
was carried out before this view was developed.

Each design session consisted of an individual designer solving a design prob-
lem under laboratory conditions. The designers were trained and instructed to dis-
cuss-and-think-aloud. These design sessions were video and audio recorded and
each session was assisted by a researcher for any clarification during the session.
Four designers [D1-D4] of varying background and experience were each given
one problem brief from among three product design problems [P1-P3], Tables 7.1
and 7.2.

Table 7.1 Pattern of Problem-Solving
Problem brief P1 P1 P2 P3
Designer D1 D2 D3 D4

Table 7.2 Pattern of Problem-Solving

Problem-briefs
P1 India has large number of people with transferable jobs. They need to shift frequently from

one place to other (every 1-2 years). And often face problems transferring present types of
furniture, which are bulky and heavy. It is not economical for them to buy furniture and
sell it before shifting to other place. This furniture occupies lot of space and this is an addi-
tional problem since they live in small houses. It takes more time to pack the furniture and
it damages during transport if it is not packed properly. Your task is to design portfolio of
furniture which will help in sleeping and storing things while taking into account the above
problems mentioned. Setup time and effort on the part of user should be minimal

P2 India has large number of people with transferable jobs. They need to shift frequently from
one place to other (every 1-2 years). And often face problems transferring present types of
furniture, which are bulky and heavy. It is not economical for them to buy furniture and
sell it before shifting to other place. This furniture occupies lot of space and this is an addi-
tional problem since they live in small houses. It takes more time to pack the furniture and
it damages during transport if it is not packed properly. Your task is to design portfolio of
furniture which will help in sit, write and eat while taking into account the above problems
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mentioned. Setup time and effort on the part of user should be minimal.
P3 There are many problems associated with the increase in temperature during summer. Huge

numbers of people die because of heat waves. A number of products are available such as
umbrella and hat to help alleviate part of these problems; however, there are useful only for
blocking the direct sunlight. These are not able to protect a person from high temperature
and heat waves. Air conditioners are available and solve this problem; however, they are
expensive and work only in fixed setting. No mobile and portable equipment is available
that can be carried around while in transit. There is a need for a product that will help in
maintaining body temperature within a comfortable range. Your task is to design a product
that will help in solving these problems. It should help the user in avoiding direct sunlight
and maintaining body temperature. The user should be able to use it with-out any difficulty
in setup and it should be portable.

The transcriptions of these design sessions are analysed by coding the tran-
scriptions using the following constructs, which together represent the system-
environment view. The utterances of the designers from the transcription are used
as instances of the above constructs (see table 7.3).

Table 7.3 Constructs of System-Environment view and instances from transcriptions

Sy-En view Instances from designing sessions
System Sy D: “I have basic chair  would be I am making one conventional chair

which can help in sit, write and eat, that is somewhere near a dining table”.
[Episode: Designer develops a chair as a solution for all the given re-
quirements (i.e. sit, write, eat, and easy to transfer). Therefore chair is a
System]

Environment Env D: “I have basic chair would be I am making one conventional chair which
can help in sit, write and eat that is somewhere near a dining table”.
[Episode: Designer develops a chair (System) as a solution for the given
requirements under specified environmental conditions such as presence
of a table for writing and eating.]

Subsystem SS D: “so it (System) again becomes something like a suitcase and plus this
retractable lid which will have to be carried in the rectangular frame kind
of thing”.
[Episode: Suitcase and retractable lid forms a subsystem as both together
will be put in a  rectangular frame together forming a system]

Elements El D: “Velcro strip that can rest on these supports”.
[Episode: Velcro Strip is an Element developed]

Relationships Rel D: inner diameter handles is 25mm which exactly matches with the outer
dia of the tube
[Episode: Here designer defines organ level relationship “equality con-
straint” between inner dia of handles and outer dia of tubes

Fig. 7.1 shows the frequency of the instances of each construct in each of the
four designing sessions analysed.  All the constructs of the proposed system-
environment view are observed to have been used in natural designing.
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Fig. 7.1 Percentage of Constructs of the System-environment View in Design Sessions

7.5 Illustration of System-Environment Co-evolution

An example of the System-Environment co-evolution is taken from the session in
which D1 solved P1. From the problem brief, D1 found various problems associ-
ated with the furniture [i.e., the Existing Systems], two of which are: ‘space for
furniture’, ‘unfolding and packing’ as shown in Fig. 7.2.

Fig. 7.2 Problems Identified by D1 Fig. 7.3 Requirements Identified by D1
The problems identified were then evaluated and modified by D1, and require-

ments such as the following were generated: ‘furniture will be foldable to save
space’ and ‘fixed furniture (already)’ [with the following sub points - ‘modular to
save space’ and ‘It can be fixed to slots’], as shown in Fig. 7.2.

From all the requirements generated, D1 made a list of requirements to be ful-
filled by the system. One of these – ‘foldable and space saving’ – see Fig. 7.3.
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With the above list, D1 sketched an idea of a piece of furniture (Sy), see Fig.
7.4. According to this idea, when the user needs to use the furniture (Sy) as a bed
or a storage space, it would be horizontal, but when not in use, (Sy) could be fold-
ed against the wall (Env) to save floor-space (Env). To fold the furniture (Sy)
against the wall (Env), D1 defined the distance between the furniture (Sy) and the
wall (Env); he also defined the relationship between the furniture (Sy) and the
floor (Env) as a ‘hinge joint’, as shown in Fig. 7.5.

This example illustrates that, as the design process progressed, both the system
and its environment evolved, simultaneously and through mutual influence.

Fig. 7.4 One design Idea generated by D1 Fig. 7.5 Detailed Description of Idea in Fig. 7.4

7.6 Conclusions

The major findings in this work are as follows. Literature stresses the im-
portance of the system-environment view, which includes environment as a con-
struct, in designing. Current design models, however, do not consider environment
as an explicit, evolvable construct in designing. Explicit representation of this
view is necessary for describing system-environment co-evolution. Based on liter-
ature, a new system-environment view is proposed. Empirical studies show that
designers consider both system and its environment as evolvable constructs, and
change them as necessary during designing. Further, this work shows the presence
of all the constructs of system-environment view in designing, and their co-
evolution.
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