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  Abstract   Donald Schön described designing as a re fl ective conversation with the 
materials of a situation, and proposed a phenomenological account of designing. Ray 
McCall proposed an extension and generalization of Schön’s model that more easily 
allows for computer support. Building on the work of Schön and McCall, this chapter 
adopts an evolutionary perspective on the design process and proposes “predecessor 
artifacts” as a new concept for understanding the re fl ective conversation with design 
materials. Predecessor artifacts emerge in creative activities and they encapsulate 
design history. The concept is applied to software design. Based on a literature survey, 
experimental prototyping, and empirical analyses in two user organizations, three 
types of predecessor artifacts are explored: (1) reusable design material, (2) alternative 
functionality, and (3) reusable design concepts. A goal with PAs is to understand 
design reuse in software applications from a phenomenological viewpoint.

Keywords Evolving artifacts • Design theory • Human-centred design • Predecessor 
artifact • Re fl ective conversation • Resemblance relation • Reusable design • Software 
design • User-participation  

        7.1   Introduction 

 Exploring predecessor artifacts (PAs) and how they are related to creativity and 
rationale is the aim of this chapter. Two claims are made: (1) Predecessor arti-
facts add a historical dimension to the re fl ective conversation with design materials 
(Schön  1983,   1992  ) , and (2) connecting an artifact with its predecessor artifacts 
provides new opportunities for creative interactions with the artifact. 
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    7.1.1   Predecessor Artifacts and Creativity 

 Wittgenstein  (  1967  )  used the notion of “language game” to describe language use 
by analogy to how games are played and made sense of. He said that all games have 
common features, but no one feature is found in all games. Wittgenstein’s point was 
that things, which may be thought to be connected by features shared by all, might 
in fact be connected by a series of overlapping similarities that are present to various 
degrees. This form of connecting things, referred to as  family resemblance , was 
modeled after how members of a family relate to each other according to traits (vis-
ible properties): build, features, color of eyes, gait, temperament, etc. For example, 
a person may have one or more common features with a relative; they may share 
strong or weak traits, and the traits may change during the person’s lifetime. This 
reveals a more dynamic relationship structure among things than what is common 
in software design and object-oriented analysis and design. Schön adopted this lan-
guage into the domain of architectural design in order to understand the intertwin-
ing of drawing and talking, calling it a language for doing architecture (Schön  1983 , 
p. 81), and Pelle Ehn adopted the same language for information systems design 
with end users, emphasizing the mutual learning of two different language games, 
one for designers and the other for users (Ehn  1988  ) . The language game metaphor 
goes beyond formal methods in software by tapping into the richness of human 
experience and the myriads of ways of connecting reusable things. This is the 
approach to creativity advocated in this chapter.  

    7.1.2   Predecessor Artifacts and Rationale 

 Design rationale has been de fi ned as a method of designing an artifact that makes 
explicit the reasons for its design (Moran and Carroll  1996  ) . One way to organize 
design rationale is by distinguishing a process-oriented approach from a product-
oriented approach (McCall  2010  ) . The process-oriented approach (Conklin and 
Burgess-Yakemovic  1996 ; McCall  1991  )  is about capturing the argumentation or 
“design history” behind the artifact (a computer interface, a building, a neighbor-
hood plan, etc.), which is a form of documentation that includes the alternatives 
considered during the design process, the chosen and the rejected alternatives. 
The historical sequence of the process is signi fi cant. The product-oriented approach 
is about analyzing the structure and nature of the artifacts (i.e. exploring the space 
of alternative artifacts) not its process of creation and development (MacLean 
et al.     1991  ) . 

 A PA is special form design rationale that combines aspects of the process-oriented 
and product-oriented approaches. A PA is a rejected alternative (a product) that 
represents a snapshot in the history of a current artifact (the process). Furthermore, 
a predecessor artifact is represented by a “link” in a current artifact, which can be a 
role assigned to it or an emergent property (physical trace, symbolic reminder). 
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For example, when a new tool incorporate features of one or more existing tools, or 
when a new innovation makes older tools obsolete, or when a new tool appears on 
the market even though multiple alternatives are available, predecessor artifacts 
emerge. The process that leads to a predecessor artifact is a complex one that cannot 
be predicted in advance and includes creative acts of users, innovative system build-
ing, and often involving considerable efforts in engineering, management and 
marketing. For example, Apple’s touch and gesture features of the iPhone with its 
easy-to-use interface for interacting with software components (apps) is an example 
of a new tool that has transformed competing tools into predecessor artifacts 
(i.e. other smartphones that were in the market at the time the iPhone was intro-
duced in 2007 as well as the technology the iPhone is based on). Three kinds of 
predecessor artifacts are differentiated and discussed in this chapter based on analy-
ses of evolving artifacts in a variety of domains: (1) reusable design material (traces 
of PAs), (2) alternative functionality (actual PAs), and (3) reusable design concepts 
(reminders of PAs). 

 Previous research in reusable design rationale has addressed reuse based on a 
cognitive framework, e.g. indexing, retrieving, understanding, and modifying prior 
design knowledge (e.g. Ball et al.  2001  ) . The early stages of the reuse process 
(indexing and retrieving) appear differently from a phenomenological point of view. 
The ‘here and now’ of the present situation (features of a current artifact in use) 
becomes the center of an evolutionary design process, and reusable design rationales 
are associated with traces and reminders of previous artifacts in new designs. 

 The chapter is organized as follows. It starts with identifying some open issues 
in Donald Schön’s theory of re fl ective conversation with design materials, in par-
ticular accounting for evolutionary design and computer support. Three cases in 
software design provide empirical support for the claims, each highlighting a unique 
role of predecessor artifacts in evolutionary development. The  fi ndings are discussed 
in terms of creativity and rationale. The chapter ends with suggestions for further 
work, including a method for deepened analysis of artifacts in design situations and 
design-based models of human learning and development.   

    7.2   Designing as a Re fl ective Conversation 
with Design Materials 

 Schön coined the expression “designing as re fl ective conversation with the materi-
als of a situation”  (  1983 , p. 78). He presented his theory to the design community in 
the “Re fl ective Practitioner” (Schön  1983  ) , and later discussed implications for 
computer support and arti fi cial intelligence in an article based on a conference key-
note talk in 1992 (Schön  1992  ) . Drawing on empirical studies in a range of different 
design situations, Schön pro fi led his theory as a generic design process that was char-
acterized by complexity, and “because of this complexity, the designers moves tend, 
happily or unhappily, to produce consequences other than those intended,” and the 
designer “responds to the situation’s back-talk” (Schön  1983 , p. 79). The complexity 
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of the situation is partly a result of incomplete information in the beginning of a 
design process and the multiple interpretations a designer makes of the situation. 
Additional information appears as “back-talk” or feedback from the design, to 
which the designer responds by re fl ection-in-action, modi fi cations, and reinterpre-
tations (Schön  1983  ) . Observation of designers in a variety of situations (profes-
sional and novice) and domains (e.g. architecture, town planning, management, 
psychotherapy) provided the data to support his claims. 

 There are two aspects of the re fl ective conversation model that are mentioned by 
Schön, but not addressed by him speci fi cally: computer support and evolutionary 
design (Schön  1992  ) . This will be elaborated in the remainder of the chapter. 

 McCall proposed an adaptation of Schön’s model that more easily allows for com-
puter support; combining re fl ective conversation with design rationale and referred to 
as  critical conversation  (McCall  2010  ) . McCall and his colleagues developed com-
puter support for critical conversations based on the procedural hierarchy of issues 
(PHI) method (McCall  1991  ) . It is the historical dimension (process orientation) of 
design rationale that is added to the re fl ective conversation model. This implies that a 
designer considers the alternative issues, positions, and their arguments as they occur 
during the design process, in effect intertwining two distinct phases of design,  ide-
ation  (the generation of design ideas) and  evaluation  (feedback from the uncompleted 
design that challenges the designer to devise new ideas). McCall claims that separat-
ing ideation from evaluation is one of the shortcomings of the past work on design 
rationale that goes back to the work of Rittel  (  1972  ) , McCall’s mentor and the inventor 
of issue-based information systems (IBIS). Schön’s theory, however, provides a clue 
for their integration. By making a simpli fi ed model of the theory, McCall and his 
colleagues proposed to treat  action  as ideation and  re fl ection  as evaluation. They fur-
ther claimed that situational back talk based on computerized feedback could trigger 
creativity when interacting with a computer-based design environment in certain situ-
ations (Fischer  1994  ) . This originated with the Janus system, a computer-based design 
environment for kitchen design that integrates support for action and re fl ection in the 
same system (Fischer et al.  1989 ; McCall et al.  1990  ) , and a series of systems that both 
preceded and followed Janus, like Mikroplis and Phidias (McCall  2010  ) .  

    7.3   Evolving Artifacts 

 Schön’s re fl ective conversation was not about evolutionary design because reusabil-
ity of design materials was not a central concern for Schön. His approach to design 
was to explore creative design (combining design materials in new ways) within the 
constraints of a realistic design space (de fi ned by task requirements, site properties, 
etc.). Schön explained that the evolutionary perspective of a design is evident in two 
ways: (1) a designer can evolve a design by appreciating materials in new ways 
(Schön used bridge design and jazz improvisation as examples), and (2) design 
intentions evolve during the design process, which for Schön was a source of prob-
lem identi fi cation (Schön  1992  ) . These forms of evolutionary design correspond to 
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what this author calls “speci fi c development” or “adaptation,” the evolution of an 
individual artifact (a series of drawings for a new house; the adaptation of a com-
puter application to a user organization, etc.) (Mørch et al.  2009  ) . Schön used the 
expression “seeing-drawing-seeing” to provide a phenomenological account of this 
type of evolutionary design (Schön  1992  ) . The work presented here builds on 
Schön’s work by integrating speci fi c development with general development in 
order to describe predecessor artifacts (PAs) in software design. PAs are concrete 
artifacts that in fl uence or stimulate a new design and they “reappear” in various 
forms of expression of the general level information in a new design. 

 The evolutionary perspective on designing used in this chapter is adopted from 
the natural sciences as two interdependent processes: (1) the interaction between 
organism and environment during individual development (adaptation or speci fi c 
development), and (2) the interaction between speci fi c and general (species) devel-
opment (generalization and recapitulation). Recapitulation is a mechanism in living 
organisms for expressing general level information in a new off spring. It provides 
an analogy for one type of predecessor artifact (physical trace). One example from 
natural evolution is the gill slits featured in the embryonic development of human 
infants, serving as the visible remains of a functional organ inherited from a sea-
breeding ancestor. The two processes have direct equivalents in the evolution of 
artifacts: (1) the interaction between a design and its context of use (adaptation or 
speci fi c development), and (2) the interaction between speci fi c and general develop-
ment (generalization and predecessor artifacts). In software design, speci fi c devel-
opment refers to local design and end-user tailoring, e.g. the adaptation of a generic 
computer application to a user organization, with techniques ranging from work fl ow 
modeling to scripting (Mørch  1997  ) . In contrast, general development refers to the 
work done by professional developers to  fi x errors and incrementally improve a 
product at the source code level, and to spawn new products when opportunities 
arise (Fischer et al.  1994 ; Mørch et al.  2009  ) . These two processes are often poorly 
coordinated in software development, resembling the discrepancy of speci fi c and 
general development in natural evolution. 

 On the other hand, artifact evolution and natural evolution differ in a number of 
ways. For example, in the early part of the previous century philosopher Henri 
Bergson argued that humans co-evolve with their environment in a more construc-
tive manner than natural evolution can explain, and humans can impact evolution by 
intervention and acts of creative life (Bergson 1911/ 1993  ) . Human intervention can 
respond to injustice, seek out areas for improvement, and correct past mistakes. 
Furthermore, natural organisms evolve by  necessity  (survival and reproduction), 
whereas artifacts tend to evolve by  convenience  (Basalla  1988  ) , driven by the needs 
and desires of creative people and the demands of society (simpli fi cation, niceties, 
economic laws like supply and demand, manufacturability, etc.) (Feyerabend and 
Terpstra  1999 ; Tomlinson  2008  ) . Therefore, artifacts can evolve along multiple 
paths that are not constrained by formal relationships; they can be informal as well 
as formal, which open the way for creative interactions with artifacts, such as appro-
priation (Carroll  2011  ) , emergence (Seevinck and Edmonds  2008  ) , and perceived 
resemblance (Mørch  2003  )  in local design activities. For example Carroll observed 
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in a Blacksburg community-computing project (a virtual world simulating a real 
place) that users created their own use of the system in ways that was not part of the 
system’s original design rationale. 

 Simon introduced the notion of evolving artifact in “Sciences of the Arti fi cial” 
(Simon  1996  ) . Architectural design and software design are examples of this branch 
of science. The study of artifact evolution at the speci fi c and general levels belongs 
in the sciences of the arti fi cial. Furthermore, the author, following Carroll  (  1994  ) , 
Fischer  (  1994  )  and Norman  (  2008  ) , takes the everyday uses of artifacts as the start-
ing point for design, e.g., an expansive design process triggered by a dif fi cult to use 
artifact. Previous studies of evolving artifacts include pottery jugs (Basalla  1988  ) , 
buildings (Brand  1994  ) , everyday tools (Petroski  1992  ) , and computer applications 
(Carroll and Rosson  1996 ; Fischer et al.  1994 ; Mørch  1996  ) . In these studies, design 
is characterized by incremental improvements of existing artifacts and to resolve the 
tensions of adaptation and generalization (Mørch et al.  2009  ) . Traces and reminders 
of predecessor artifacts emerge as a result of these dynamic processes, in particular 
as a new design reuses material and ideas from previous designs. For example in the 
ancient African pottery jugs Basalla  (  1988 , p. 107) analyzed, a cord made of organic 
material served as the  fi rst handling mechanism for carrying them. Later it was 
replaced by a more durable structure formed in clay and built into the jug itself. 
The original handles became ornamentation in the later series of jugs, serving as a 
symbolic reminder of the previous ways of using them (Mørch  2003  ) . 

 Everyday physical artifacts triggered the author’s research interest in predeces-
sor artifacts and how they relate to re fl ective practice, creativity and rationale. 
Figure  7.1a  shows an example of a reusable design material (parts of an old building 
reused in a new building). Figure  7.1b  shows a reusable design concept, “exterior 
shelter space” or enclosed porch (“svalgang” in Norwegian), which refers to the 
lightweight structure built around the building’s entrance area to protect people 
from bad weather upon entering, a concept originating in medieval farmhouses 
in Norway. Coin-operated and wall-plugged telephones represent a third type of 
predecessor artifact, serving as backup system to mobile phones.  

 Schön’s conceptual framework for re fl ective conversation does not have a vocab-
ulary for evolutionary design beyond adaptation. Therefore his framework must be 
augmented to take into account generalization and predecessor artifacts. This is 
easier with computer-based design environments than paper and pencil techniques 
because computational artifacts consist of multiple levels of abstraction (e.g. user 
interface, program code, runtime organization). However, predecessor artifacts are 
not exclusively tied to computer applications; they are found in all kinds of physical 
artifacts as illustrated by the motivating examples.  

    7.4   Research Questions and Methods 

 The research presented in this chapter is a reinterpretation of data from previous 
projects the author has been involved in, now with an eye on describing predecessor 
artifacts. The  fi rst project was part of the author’s PhD dissertation (1993–1997), 
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and demonstrates how end-user tailoring of a generic application (BasicDraw) can 
create a domain-oriented application (KitchenDesign), revealing PAs as physical 
traces of old functionality in the new application. The second project is a case study 
in the organizational implementation of an integrated work and learning platform 
for a national chain of gasoline stations in Norway (2001–2004), which resulted in 
existing tools becoming back-up systems (PAs). The third project is an empirical 
study of the interaction of end-user development and professional development in a 
software company that develops project-planning tools for the Nordic oil and gas 
industry. It was a case in a large European project (2006–2011), and revealed a 
design concept preserved and re fi ned by the company in all its products. The meth-
ods used for data collection include experimental prototyping, interviewing, obser-
vation, videotaping, and web survey. The analyses reveal three types of predecessor 
artifacts: (1) reusable design material (project 1), (2) alternative functionality 
(project 2), and (3) reusable design concept (project 3).  

    7.5   Reusable Design Material in Application Evolution 

 The structure for this and the next two sections is: (1) context of case/site, (2) 
 fi ndings from the study, and (3) analysis of results from the point of view of describ-
ing predecessor artifacts and their emergence and role in evolutionary application 
development. 

  Fig. 7.1     Left  ( a ): reusable design material (old timber construction in a new house).  Right  ( b ): A 
reusable design concept (“svalgang,” a kind of porch) re fi ned in Storøya kindergarten (Photos from 
Bærum, Norway)       
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    7.5.1   Context 

 The goal of this study was to test a hypothesis for the evolutionary development of 
applications, namely that end-user development tools integrated with a generic 
application provide the necessary means to evolve the application from one task 
domain to another (Mørch  1996  ) . Another goal was to bring the inheritance relation 
between class and subclass in object oriented programming to a more user-oriented 
level of abstraction (Mørch  1997,   2003  ) . 

    7.5.2   Findings 

 We addressed this hypothesis by enabling end users to evolve BasicDraw into 
KitchenDesign (Mørch  1996  ) . The two screenshots in Fig.  7.2  show before and 
after stages of this process, which were accomplished with the end-user develop-
ment (tailor) tools integrated in BasicDraw (Mørch  1997  ) . When using these tools, 
an end-user developer can modify reusable software functionality (application 
units) at three different levels of abstraction (user interface, design rationale, and 
program code).  

  Fig. 7.2    Evolving BasicDraw into KitchenDesign by the tools available in the Tailor menu 
(customize, integrate, extend). KitchenDesign reuses functionality from BasicDraw, and reveals 
predecessor artifacts       
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 The menus and shapes in KitchenDesign are subclasses of the menus and shapes 
in BasicDraw. For example the Symbols menu is a subclass of the Shapes menu. All 
the kitchen symbols in the work area are subclasses of the rectangle class, with 
some symbols composed of additional sub-shapes (rectangle, oval, text). The menu 
items were created in a similar fashion. The operations on the kitchen symbols (e.g. 
scaling) were realized as specialized methods to extend and constrain the original 
methods de fi ned in the super-classes (Mørch  1997  ) . The author conducted a video-
recorded usability test of BasicDraw with twelve subjects and asked them to per-
form end-user development modi fi cations to the application, and found that 
customization and integration were techniques that users could master without 
much instruction. The extension (writing program code in method bodies), how-
ever, required some knowledge of programming and basic skills in object-oriented 
programming (Mørch  1996  ) .  

    7.5.3   Analysis 

 Even though the inheritance relation connected application units at the program 
code level, e.g. KitchenCabinet class inherits from Rectangle class; it was the 
resemblance among the application units visible in the user interface that enabled 
users to understand what reuse could offer them, i.e.  “kitchen cabinet looks like a 
rectangle.”  The basic shapes became, both literally and in effect, predecessor 
artifacts in the kitchen design symbols. This means that inheritance is re fl ected at 
two levels, user interface and program code. The author proposed two types of 
resemblance relations to model them: perceived resemblance and self-resemblance 
(Mørch  2003  ) . The  fi rst is “inheritance” as perceived by the user and the second is 
inheritance manifest in the artifact. Self-resemblance is arguable the relation that 
most faithfully models an application’s connection with reusable software functionality 
(e.g. enabled by inheritance), but perceived resemblance can also be supported by 
the computer (reusing objects rather than classes).   

    7.6   Organizational Implementation of an Information 
Seeking Terminal 

    7.6.1   Context 

 A research team from InterMedia participated in the design and organizational 
implementation of a new information-seeking terminal for the gasoline division of 
a large oil company (Mørch et al.  2004a ; Mørch and Skaanes  2010  ) . This system 
was delivered as a web portal and installed in retail stations across the country. 
Participatory design techniques were used during the planning stages and evolu-
tionary prototyping during the portal development stages (Mørch et al.  2004a  ) . 
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The system contained information about automobile parts,  fl uids, and hot food 
preparation procedures, and was meant to serve as an online help system for every-
day work (Fig.  7.3a ). The portal adoption process lasted for 14 months and data was 
collected by interviews and a web survey during that period. The use of the system 
was not mandated, but the station managers encouraged the attendants to use it. 
Thirty-four respondents completed the survey. Interviews were conducted selected 
participants across age groups and management levels (Mørch and Skaanes  2010  ) .   

    7.6.2   Findings 

 Before the introduction of the portal, the attendants had to make use of a range of 
resources for accessing information to support their work. The table in Fig.  7.3b  
gives an overview of these resources, ranked according to frequency of use. Results 
from the survey showed that 81% of the respondents reported that asking a col-
league was the most useful approach when seeking information. Other frequently 
used resources of information were paper catalogs (58%) and staff meetings (50%). 
Paper catalogs included vendor speci fi c product manuals containing automobile 
parts and assembly instructions (Mørch and Skaanes  2010  ) . 

 After the portal was introduced, 46% of the respondents said they stopped 
using one or more of the older methods. One of the respondents said:  “It simpli fi es 
work to get rid of all the papers scattered around the cash register and to get all 
this information in one place”  (Mørch and Skaanes  2010  ) . The remaining 54% of 
the respondents said they continued to use the older methods despite the avail-
ability of the portal, and several employees preferred to use the paper catalogs 
instead of the computerized display in order to  fi nd the required information. 
As one employee said in an interview:  “I am not very good with computers, most 
of the time it is much faster to use the paper catalogs”  (Mørch et al.  2004a  ) . 

  Fig. 7.3    ( a ) Prototype of information seeking portal, and ( b ) information seeking preferences 
before the portal was introduced       
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According to several of the attendants, it was important to have alternative means 
for accomplishing daily work. However, the management plans to terminate the 
production of those methods that are too costly to produce and those that serve 
only one function.  

    7.6.3   Analysis 

 This research project unraveled a complex system of technology and work practice 
that was comprised of many different tools and resources for information, each 
associated with a speci fi c generation of work support: browsing a product catalog, 
using a map book, contacting colleagues, staff meetings, Post-it Notes attached to a 
display, and a web portal. The attendants would almost always  fi nd a way out of a 
dif fi cult situation when resorting to one of the alternatives. Some of the alternatives 
would slow down work; others supported on-the-spot problem solving. 

 At the current stage of technological  fl uency in the company, removing the some-
times suboptimal alternatives may complicate recovery from a dif fi cult situation 
and prevent work completion altogether. Many information-seeking methods in the 
company currently outperform computer-based information seeking. The older 
technologies serve as predecessor artifacts, providing alternative means to support 
everyday work, and the age of the user population is an indicator of what type of 
technology will be preferred. Over time information browsers will improve in qual-
ity, making them more ef fi cient for job speci fi c tasks; but equally important older 
technologies will be serviced less frequently due the cost of maintaining them and 
as a result of higher digital competency among the employees.   

    7.7   Reusable Design Concept in Product Line Development 

    7.7.1   Context 

 There is a version incompatibility problem latent in evolutionary application 
development. A locally adapted version of a system, for example, may be incompat-
ible with a future release as a result of two processes that often are not well coordi-
nated (speci fi c and general development). This issue was addressed by a case study 
in a small software house (company) to investigate the coordination of specifi c and 
general software development (Andersen and Mørch  2009 ; Mørch et al.  2009  ) . The 
company develops and sells project-planning tools for the oil and gas industry and 
provides consultancy services, training, and support for these tools. The company 
has close relationships with its customers. The researchers from InterMedia were 
invited into the company to give advice on their knowledge management practices 
for customer relations. The empirical material consists of interview data and a video 
recorded meeting with key stakeholders (developers and users).  
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    7.7.2   Findings 

 The company’s customers are requested and encouraged to report usability problems 
and innovative uses; and some of the most skilled users also assist in end-user 
development (adaptation) of the company’s products (Andersen and Mørch  2009  ) . 
The developers offer communication and information sharing tools for customer 
interaction, which has been stimulated through long-term relationships (mainte-
nance contracts) and user forums. The main meeting ground is an annual showcase 
in which customers are invited to communicate with the company’s employees. 

 Understanding the transitions from speci fi c to general development has been one 
of our research questions (Mørch et al.  2009  ) . The respondents related historical 
events to some external organizations the company does business with, in particu-
lar an oil company and an engineering company. Some of these events led to major 
changes in the company’s product line, including the creation of two new products, 
Planner and Microsoft Project Extension (MPX). However, most of the external 
events led to minor changes, producing only gradual improvements and continua-
tion of existing products. Figure  7.4  shows a schematic overview of the factors that 
have in fl uenced product line development in the company.  

 A situation where an adaptation for a speci fi c customer led the company to spawn 
a new product is illustrated in this  fi rst excerpt, which was extracted from an inter-
view with one of the company’s developers. The developer’s view shows that there 
is a connection between speci fi c and general development, realized when contri-
butions from one customer are incorporated in the product.  

 Interviewer:  Was it an add-on made speci fi cally for Engineering Company? 
 Respondent:  No, it became part of the product. Yes, it started as a patch, what we call 

a user option. 

Planner

Project

MPX

Product
Oil Company

Baeline product

Company

Engineering
Company

Competitor

External
event

Time2008200119981993

  Fig. 7.4    Evolution of a project planing tool (Project) into two specialized products (Planner, 
MPX) has preserved and re fi ned a design concept that originated in the  fi rst (baseline) product       
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 The respondent explains how a major request for change led from “user option” 
or “patch” and eventually “became part of the product.” When a patch, provided for 
a few customers, is included in a later release cycle of a product, it will become 
“part of the product” and available to all customers. 

 The next excerpt is a follow-up question that illustrates the more common situa-
tion with regard to adaptation, namely a speci fi c solution for one customer.  

 Interviewer:  So, the rationale for a given upgrade lies with a speci fi c customer, 
which means that a customer can be a part of setting the standards for 
what other customers receive? 

 Respondent:  Mm, but if what one customer suggests is far off, then we just make a 
local adaptation for that speci fi c customer. 

 The process of incorporating a customer’s solution and making it part of the 
product or spawning new products does not occur very often, because the 
changes may infringe on property rights. Such changes are mainly initiated by 
large customers or supported by contracts, such as the engineering company, the 
oil company and the competitor depicted in Fig.  7.4 . In most cases, improve-
ment requests and end-user development activities are responded to by an adap-
tation, which means a custom-made solution for a single customer created by 
the company by using patches or user options within the current version of the 
product. 

 The idea behind the company’s fi rst product (Project) began in 1993. This idea 
has been preserved and re fi ned in the latest products (Planner & MPX). The fi rst 
product is, in effect, a template for all subsequent products and the standard against 
which new products are measured. One consultant was asked to describe what was 
meant by this and he explained it with a speci fi c example:  “About 4 years ago, we 
extracted the interactive Gantt drawing part of Project and generated a new low-
end bar chart drawing tool named Planner.”  Figure  7.5  shows the relationship 
between the three products. Planner and MPX extend the core design idea of Project 

  Fig. 7.5    The company’s presentation of the relationship between the three products: Planner, 
Project and MPX (company’s extension to MS Project). Planner is a standalone application and 
MPX a web applicaton       
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(a technique for plotting diagrams) in two directions (ease of use with Planner and 
increased collaboration with MPX). This ensures a common strategy of develop-
ment and the continued recognition of the company’s products by customers.   

    7.7.3   Analysis 

 The Gantt drawing feature of Project is a predecessor artifact of both Planner and 
MPX, and is visible to those who know these products. This feature has been sus-
tained for three successive products over a period of almost 20 years. It is a reusable 
design concept, i.e. a generalization of variations of a feature that originated in a 
speci fi c implementation. The data from the case study shows that customers have 
proposed some of the features the company has incorporated in their products. The 
path from adaptation to generalization is complex and subject to multiple factors: 
proposals for new ideas, acceptance with or without payment, the different stages 
through which an innovation must pass (user option, patch, build, version, etc.). Only 
those proposals judged to be “good enough” would pass through the loophole and be 
taken further; the others will be rejected or will require payment by customers 
(Andersen and Mørch  2009  ) . There is both intimacy and risk associated with joining 
forces in generalization: the customers want the best possible tools for their project-
planning work, and the company wants to increase revenue and do the things they are 
good at (writing project planning software). These two processes are tension-laden 
(e.g. infringe on property rights) and predecessor artifacts emerge in this tension 
(Mørch et al.  2009  ) , simultaneously addressing speci fi c and general needs. PAs are 
represented in the specialized products by a reusable design concept important to the 
company (diagram plotting) that serves as a  reminder  of a feature that was  fi rst intro-
duced in an older product (interactive Gantt drawing module of Project).    

    7.8   Summary and Discussion 

 Three types of predecessor artifacts have been described in this chapter based on 
examining data from previous projects:

    1.     Reusable design material : A predecessor artifact is represented by a physical 
trace of previous functionality (reuse of objects and concrete classes in BasicDraw 
to create KitchenDesign)  

    2.     Alternative functionality : A predecessor artifact becomes a backup system 
(multiple alternatives to using a computerized information display)  

    3.     Reusable design concept : A predecessor artifact is represented by an abstract 
reminder (an important design concept in Project was preserved and re fi ned 
across its product line)     
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    7.8.1   Predecessor Artifact as Reusable Design Material 

 George Herbert Mead, the philosopher and social psychologist, was among the  fi rst 
to recognize that there is a connection between emergence and creativity. When 
describing emergence he emphasized interaction among the parts and the whole and 
a reconstructing that is not given in advance, but necessary for seeing more than the 
sum of parts (Mead and Morris  1934  ) . In the design computing community some 
researchers have developed a theoretical relationship between emergence and cre-
ativity, and de fi ne emergence “when a new form or concept appears that was not 
directly implied by the context from which it arose” (Seevinck and Edmonds  2008 , 
p. 541). For example, two overlapping squares may reveal a triangle, which cannot 
be found by looking at the squares in isolation. Interactive systems can provide 
opportunities for creative interaction by exploiting emergence, enabling users to see 
something new in older things (Seevinck and Edmonds  2008  ) , or to see something 
“old” in current things as pro fi led in this chapter. For example, the old wooden 
beams in the new house displayed in Fig.  7.1a  refer to an older farmhouse on the 
same site, a physical trace of a predecessor artifact. This information provides view-
ers with an opportunity to learn something new, the evolutionary history of a certain 
building. At a more general level it points toward a conceptual framework for learn-
ing on demand based on phenomenology (the “extended present”). This framework 
is outside the scope of the present study, and suggests an area for further work. 

 In the  fi rst study, the rectangle was used as an emergent shape in the design 
units of KitchenDesign (see Fig.  7.2 ). This type of emergence is called  perceptual 
emergence  (Seevinck and Edmonds  2008  ) . It is a relationship of two objects (in 
this case a rectangle and a kitchen cabinet symbol) as perceived by the users. The 
different abstraction levels of a computer application enable  perceptual  (user 
interface),  conceptual  (program code), and  physical  (run time organization) emer-
gence. It is arguable program code that provides the most  fl exible level of reuse 
for computer applications (i.e. using the class/subclass relation in object-oriented 
programming), but software components can also provide  fl exibility in terms of 
cloning and integration with other components, without accessing source code 
(Mørch    et al.  2004a,   b  ) . 

 A reusable design material can be compared with the design of new buildings by 
appropriating parts of older buildings and other reusable material in the built envi-
ronment. For example the Container City in the London Docklands consists of 
buildings that uses recycled shipping containers for accommodation, resulting in a 
green and affordable solution to an inner city housing problem (Brand  1994  ) . The 
original intention of a design may not be preserved when a new design is built from 
reusable design materials as opposed to when it is based on reusable design con-
cepts. The reuse effect of appropriated software material is manifested in the run 
time system of an application (objects in memory) and in the user interface (objects 
on the screen), as well as in the minds of its designers. In program code it is mani-
fested in subclasses (new code) that inherits from super classes (existing code).  



136 A.I. Mørch

    7.8.2   Predecessor Artifact as Alternative Functionality 

 In his early but in fl uential study of computer-supported work in organizations, 
Gasser  (  1986  )  identi fi ed a type of work he called  adaptation work , which was 
composed of three types of coping with diffi cult-to-use computers in organizations: 
 fi tting, augmentation, and working around.  Fitting  is the strategy of modifying a 
computer system or changing the structure of work to accommodate a mismatch 
between workers and technology, i.e. a form of adaptation.  Augmentation  refers to 
undertaking additional work to make up for an inconsistency in primary work. 
 Working around  refers to using a computer system in ways it was not intended, or 
avoiding its use and relying instead on alternative, suboptimal means. One example 
is  backup systems  (Gasser  1986  ) , which are older technologies one relies on when 
the main work support fails or becomes temporarily unavailable. An example of a 
backup system is Post-It notes around a computer display in order to remember 
dif fi cult operating system commands (see Fig.  7.3a ). 

 A backup system is a type of predecessor artifact that provides alternative func-
tionality, but it is different from the two other types of PAs pro fi led in this chapter. 
It is a proper PA, functional artifacts that provide suboptimal but “good enough” 
alternatives to a new innovation. An example is banking in Norway. Although it is 
possible to visit a physical bank and make transactions by interacting with a teller, 
the teller will charge a fee for the service (suboptimal). Internet banking on the other 
hand is cheaper but requires digital competency. Another example is coin-operated 
telephones, serving as an alternative to a mobile phone. Most of the time people do 
not use these telephones, but they can be surprisingly useful when one’s mobile 
phone does not work. 

 The second case revealed a more subtle form of relation between two artifacts, 
multiple technologies for supporting information seeking. This is what Suchman 
referred to as  artful integration , a hybrid of technology and work practices where 
technology is comprised of multiple layers of heterogeneous devices, each associ-
ated with a speci fi c generation of work support (Suchman  1994  ) . This relation-
ship between two artifacts (new innovation and PA) is also called  perceived 
resemblance  (Mørch  2003  ) . This refers to a subjective interpretation of the like-
ness of two artifacts, which may cause dispute regarding the reuse of material or 
ideas from one to the other (e.g. paper catalogs vs. computerized information 
displays). The weaker form of relationship has the advantage that the older tech-
nologies may coexist and provide alternative work support when the new technol-
ogy temporarily fails. Despite this, most backup methods are best thought of as 
the  endangered species  of the evolving artifacts. For example, phone books are 
gradually disappearing in favour of online services of personal information. 
A company that wishes to spearhead a modern technology pro fi le, like the one 
studied in the second case, will often strive towards removal of older technologies 
even though the older technologies can provide useful alternatives for some 
employees. It seems that older technologies that cater to multiple ways of use may 
enjoy a longer life span (e.g. Post-It notes).  
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    7.8.3   Predecessor Artifact as Reusable Design Concept 

 Ehn applied Wittgenstein’s concepts of language game and family resemblance as 
metaphors to explain the development and use of a newspaper publishing system at 
the time when typesetting became computerized in Sweden (Ehn  1988  ) . When the 
system showed family resemblance to something the typesetters already knew well, 
it stimulated active user participation in the design process and avoided common 
pitfalls, such as failing to meet user requirements (Ehn  1988  ) . The graphical user 
interfaces could remind them of previous experiences of type setting. The reusable 
design in that situation is abstract representations of older typesetting tools and 
practices associated with new computer-based tools. Due to their abstract nature, 
these symbolic reminders of PAs are more dif fi cult to capture than the reusable 
design material described above, but in return they reveal a more durable (space 
conserving) structure and they apply in more than one situation. 

 The third study identi fi ed predecessor artifacts by analyzing critical events 
 surrounding new releases of a product line spawned by a commercial software 
house. Familiarity with the original product (Project) made it easier to use the later 
products (Planner and MPX), and to migrate from one product to the next. This was 
possible due to the family resemblance evident in the three systems, according to a 
special technique for displaying diagrams. 

 Reusable design concepts can be compared with architectural design patterns 
and archaeological skeuomorphs. Alexander and colleagues have described 250 
 design patterns  of buildings and urban spaces (Alexander et al.  1977  ) . Patterns 
serve as the basic building blocks of problem solving, providing answers to recur-
ring design problems (e.g. How many stories should a building have?). Alexander’s 
pattern language and cataloguing efforts have inspired software engineers, and 
numerous software design patterns and pattern languages for software systems have 
been proposed. 

 A  skeuomorph  is a technical term archaeologists use to denote a non-functional 
feature of an artifact that was inherited from some precursor artifact (Basalla  1988  ) . 
The role of skeuomorphs in the evolution of artifacts has been studied in archaeol-
ogy (Basalla  1988  )  and architecture of houses (Brand  1994  ) . The notion of skeuo-
morphs has not yet been widely adopted in software design. As a visible representation 
of previous functionality at an abstract level, computational skeumorphs can pro-
vide an alternative to design patterns for integrating general level design informa-
tion with software artifacts. This identi fi es an area for further work. 

 Seeding, Evolutionary Growth, Reseeding (SER) is a process model for the 
evolutionary development of software applications by integrating end-user and pro-
fessional development (Fischer et al.  1994  ) . It postulates that systems that evolve 
over a sustained time span must continually alternate between periods of unplanned 
evolutions by end-users ( evolutionary growth ), and periods of deliberate restructur-
ing and enhancement ( reseeding ), involving users in collaboration with skilled soft-
ware developers. This corresponds roughly to the two interdependent processes of 
adaptation (evolutionary growth) and generalization (reseeding). However, there are 
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no equivalents of reusable design concepts or predecessor artifacts to account for 
the transition from one release of a software application to the next in the frame-
work of Fischer et al.  (  1994  ) .   

    7.9   Implications for Re fl ective Conversation 
with Design Materials 

 Schön was inspired by the language game metaphor of Wittgenstein when he called 
re fl ective conversation (drawing and talking) a language game for doing architec-
ture (Schön  1983  ) . However, Schön did not exploit the full power of the metaphor, 
since he did not adopt the notion of family resemblance. Wittgenstein  (  1967  )  
explained the connection of elements in a language game according to the similarity 
of traits among family members, “sometimes overall similarities, and sometimes 
similarities of detail.” Two forms of resemblance are suggested in order to capture 
this distinction:  self-resemblance  and  family resemblance . Sometimes there are 
 similarities of detail  (self-resemblance); at other times there are  overall similarities  
(family resemblances). This allows for a new design or current artifact to be con-
nected with previous designs (PAs) in two different ways, i.e. reuse of material (like 
in case 1, self-resemblance, well-de fi ned connection) and reuse of concepts (like in 
case 3, family resemblance, generally accepted but weaker connection). In addition, 
a third type of connection between a current artifact and PAs was explored in case 
2,  perceived resemblance , which is a subjective likeliness of two things, serving an 
important function by allowing breakdowns to be resolved by resorting to alterna-
tives. This is a useful distinction for analyzing adaptations of information systems 
in multiple stages (from design to use), extending the vocabulary of Schön and 
Ehn. For example it can help to identify a poor organizational implementation of a 
computer application, or a software design that fails to build on best practice, or an 
application that fails because it is rejected in favor of simpler alternatives. 

 Predecessor artifacts can also help the designer to cope with complexity in 
information-rich environments by addressing the following questions: How does 
the designer know that information is needed when designing, and when is a piece 
of information (e.g. design knowledge) relevant to the situation at hand? It is not 
possible to keep all potentially relevant information in short-term memory; this will 
lead to information overload. The distinction between known and potentially 
relevant information was explored in the Janus design environment (Fischer et al. 
 1989  )  and operationalized as computer-based back talk (critique) to stimulate 
re fl ection-in-action (McCall et al.  1990  ) . 

 The past work the author has been involved in with regards to Janus has been 
extended and generalized through the notion of reusable design concepts in this 
chapter. A reusable design concept is an abstraction (general-level information) orig-
inating as a feature in a speci fi c predecessor artifact. An example from the kitchen 
design domain is the  work triangle , a concept that refers to the relative position of 
sink, stove, and refrigerator in a household kitchen. In Janus this concept together 
with a set of related design principles were implemented in software as critique 
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(condition-action rules) for detecting suboptimal design situations. An application of 
this was to inform students about the design principles to be resolved in their own 
designs. In the work presented here the previous work has been generalized to mean 
“expansive design,” identifying in current artifacts emergent properties (traces and 
reminders) that represent predecessor artifacts.  

    7.10   Conclusions and Directions for Further Work 

 This chapter has presented an evolving-artifacts approach to integrate creativity and 
rationale. The common denominator has been predecessor artifacts (PA) and resem-
blance relationships to connect PAs with newer artifacts. Schön’s theory of re fl ective 
conversation with design material provided the starting point for this inquiry, identi-
fying a shortcut in his account of evolutionary design (bypassing generalization and 
predecessor artifacts). The aim of this study has been to extend the vocabulary of 
re fl ective conversation and make it applicable to analyzing software applications that 
evolve. Three types of PAs were identi fi ed and differentiated based on system build-
ing efforts and empirical  fi ndings from three case studies ( reusable design material , 
 alternative functionality,  and  reusable design concepts ), and three types of resem-
blance relations based on previous work and literature studies to bring the inheritance 
relation between class and subclass in object-oriented programming to a user ori-
ented level of abstraction ( self ,  perceived, and family ), hence proposing a semi-for-
mal approach to software reuse and design. Predecessor artifacts relate to creativity 
and rationale in the following manner. On one hand a predecessor artifact is a rejected 
alternative ( product-oriented rationale ) that represents the design history of a current 
artifact ( process-oriented rationale ). On the other, it is a concrete (physical) trace or 
abstract (symbolic) reminder in a new artifact ( an emergent property ), and as such 
can provide opportunities for creative interaction with an artifact, such as enabling 
users to see a previous version of a tool (a PA) in a new tool, and by repeating the 
process, the myriads of ways of connecting reusable designs. 

 This work has implications for discourse analysis methods in design (e.g. interac-
tion analysis), suggesting a dimension of historical artifact analysis to supplement 
spoken dialogue and body language (deictic references and drawing). It can also 
provide ideas for design history education in schools of design (e.g. the role of traces 
and reminders in everyday artifacts), and design-based models of human learning 
and development in schools of education. In terms of information and computer sci-
ences, this research suggests that some abstract features of today’s software tools can 
be traced back to functional features in some predecessor artifacts. If this relationship 
can be made durable, it may help to create a tighter connection between program 
code and design patterns in software projects, and make “software archeology” a 
new research topic. 

 This work has not addressed: (1) A fourth type of PA,  disposable artifacts , older 
tools of no practical or minimal symbolic value, often removed to reclaim occupied 
space, and (2)  successor tools : contrasted with PAs as future tools anticipated and 
designed by improving the present.      
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