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Abstract

Contributing to and Using a Shared Design Memory:
Effects on Learning Analysis and Design Skills

Daniela Giordano

Ph.D., Educational Technology
Concordia University, 1998

A shared design memory emerging from the contributions of novice designers
affords, theoretically, unique opportunities to support individual and organizational
learning. StoryNet, is a shared design memory implemented, using a groupware
technology, to support learning information systems analysis and design. [t allows the
retrieval of precedent design cases for re-use and adaptation, and the examination of the
peer reviews and comments that have been attached to such design cases. Its architecture
is finalized to operate in synergy with a specific methodological approach to design, to
offset some of the cognitive biases and difficulties that novice analysts and designers
have to face. Starting from the premise that the effects of shared memory on learning
have to be understood within a framework that takes into account the social and cultural
nature of the “distributed™ system that becomes realized. this exploratory, qualitatively
grounded study addresses the relationships among the learners’ individual characteristics.
the use of design precedents. the perceived difficulty of the design activity, the attitudes
towards StoryNet, and the quality of the outcome design artifacts that are generated.
Organizational learning is reflected in the emergent qualities of the design produced by
different generations of design teams, indicating what design weaknesses typical of
novices are being offset, and what good design practices and features are diffused and

gradually incorporated as new quality standards.
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The findings of the study point out some differences in using the precedents and
the information provided in StoryNet that arise from differences in the learner’s initial
design experience, and some limits of the shared memory in representing design
knowledge in context.

The analysis of three generations of designs suggests that the shared memory was
instrumental to attaining a new overall design quality, sustained by an increased emphasis
placed on structuring and communicating according to visual, temporal and hypertextual
modalities, and on explaining key design steps. A socio-cognitive account of the
dynamics of individual learning and of the process of increasing the quality standards of
the design for the community, through socially regulated, adaptive evolution mediated by

the shared memory, is provided.
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Chapter 1
Introduction

Modemn theories of knowledge and learning point out how knowledge is
distributed in networks of social actors, resources and artifacts (e.g., Engestrém, 1990;
Lave & Wenger, 1991; Salomon, 1993; Pea, 1993) and how cognition is fundamentally a
situated and cultural process (Suchman, 1988; Lave, 1988, Hutchins, 1996). Schools of
thought that view cognition as distributed, either among social actors or among social
actors and the environment, propose an interactionist model of knowledge construction,
in which interaction and collaboration are constitutive to learning, rather than simply
instrumental to it. In these views, individual learning is very much a process of
enculturation, of being introduced to the modes of discourse of a particular community, of
participating in a social process of making sense and negotiating understandings, mostly
through narrative construction (Bruner, 1990; Brown & Duguid, 1991).

Some of the above mentioned theoretical underpinnings are reflected, with
varying degrees, in recent approaches to the design of computer-based learning
environments, broadly falling under the camp of the emerging paradigm of Computer-
Supported-Collaborative-Learning (CSCL) (e.g., Silverman, 1995; Koschmann, 1996).
These environments share an emphasis on the “authenticity” of the learners activities, and
they aim to encourage productive forms of collaboration, by creating contexts in which
collaborative interaction is motivated, for example for complex problem-solving
(Cognition and Technology Group at University of Vanderbilt, 1990), or for building a
joint understanding of some phenomenon (Roschelle & Clancey, 1992). Besides making

more accessible the resources instrumental to the activities or “practices” of a team, or of



a community of learners, some of these learning environments tend to structure the
computer-mediated interactions among the participants in the learning experience in such
a way as to foster the mode of discourse or reasoning (e.g., scientific, technical, design,
literary) that is, supposedly, more adequate to the task. For example, the learners’
electronic notes and discussion threads can be labeled according to types such as ““the
problem”, *my theory™, “evidence”, “I need to understand” and so on (Scardamalia &
Bereiter, 1993; Guzdial et al., 1996), and in principle, this should also help retrieval for
later use by other groups or members of the community.

The educational affordances more often claimed with the deployment of
computer-supported collaborative systems foster individual learning through reflection,
communication, articulation of ideas, motivation, or enhancing metacognition. and the
design of such systems tends to be grounded on principles of learning mostly stemming
from the cognitive tradition (Koschmann, Kelson. Feltovich, & Barrows. 1996). This is
not surprising, because, although in the background of these studies the social nature of
learning is certainly acknowledged, there is not necessarily agreement on the
consequences, theoretical and methodological. of taking seriously the idea that, in some
sense, cognition can be “socially shared” or “distributed”. As it is pointed out by Cole
(1996). much of what is meant by social in the notion of socially shared cognition is
rather cultural, and failing to distinguish between cultural and social contributions to the
sharing of cognition leads to an “unfortunate recreation of the dualistic approach to the
individual and the social” which also makes it impossible to elucidate the dynamics of
developmental change. Culture, in Cole’s words, can be seen as the full set of resources

for constructing contexts, i.e.. combinations of goals, tools shaped by the cultural past,
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and current circumstances, which constitute the rext and con-text of behavior and the
ways in which cognition can be said to be distributed in that context (emphasis in
original).

Indeed, the dualism between individual and social, or individual and the
environment, still hovers in many debates or statements. For example, the distinction
between effects of technology and effects with technology (Salomon et al., 1991) has been
the object of much discussion, in the attempt to reconceptualize a notion of knowledge
transfer, i.e., the ability to apply knowledge in novel situations, compatible with a view of
learning and practice in a context of social and technological resources. Yet, Kolodner
and Guzdial (1996) advocate more attention towards the effects of technology in the
individuals while assessing CSCL, although, at least, they cast some doubts on the
adequacy of the methods traditionally used so far to assess individual learning and
transfer, if such learning has taken place in a collaborative setting.

Two consequences of the situated and cultural nature of learning for the
development of individual competencies and skills in an educational setting are that 1)
such competencies have to be cultivated in a continuous process of exchange and co-
determination with the social and material resources that are brought together in the
learning context, and 2) that the emergent quality that such a “geography” of resources
and relationships acquires affects very much the results that can be attained, both at the
individual level and at the level of the overall community of learners.

Paying explicit attention to this geography and its dynamics to guide interventions
for supporting learning and performance is a challenging endeavor, in many respects. It

requires an understanding of how resources are used, of the cognitive and social



consequences of their use, and an understanding of how the communication and
collaboration flux that surrounds them to make them meaningful and useful arises.

This latter point is particularly emphasized in studies of organizational learning
(Levitt & March, 1988; Huber, 1991; Giordano, 1994), i.e., the emergent phenomenon
accounting for the transmissions, in spite of the turn-over of individual members. of
myths, procedures and expectations, content knowledge and misconceptions, that both
enable and limit the performance of the overall organization, for example by not
replicating errors that have occurred in the past, or by biasing the perceptions of what is
worth paying attention to. The informal social networks among the members of the
organization are crucial in sustaining (or blocking) this learning and performing process.
by providing the necessary pointers to the relevant expertise and resources to face novel
situations, by fueling the creation of a shared culture and knowledge base anchored to
practice. and by setting the standards, the expectations. and the opportunities for thinking
and advancing knowledge (Brown & Duguid. 1991).

Most of the current studies of CSCL have focused on rich descriptions of how the
system is being used, with much emphasis on its educational affordances; few studies
have focused on the relationships between patterns of use of the system and individual
conceptual progress (e.g., Oshima et al., 1996); others have explicitly focused on the
process of construction of a shared concept as happening in “real time” through
collaborative conversational interaction (Roschelle. 1992).

One aspect that has been largely unexplored so far is what kind of learning
consequences are involved in deploying a computer-supported collaborative system

focused explicitly on supporting individual and organizational learning by making the



intermediate or final product of collaboration, €.g., the solution of a problem, or the
argumentation towards building a shared understanding of a phenomenon, or a desigg
artifact, available for later use by other groups or members of the learning community.

In this case, an additional function performed by the learning environments it to
create electronic “organizational memories”, where the “organization” can be the
classroom (e.g., Bruegge & Coyne, 1994) or the virtual community of learners that enroll
in the same course in different years (Giordano, 1997b). Typical computer-supported
collaborative systems can be effective in a situation in which it is realistic to expect the
learners to work on a common problem, or to trigger a process of collective inquiry out of
personal interests or curiosity, and use it as a learning opportunity. However, there are
instructional situations in which collective engagement is not feasible or particularly
appropriate, for example when the learning exercise involves a small team working on a
quite open-ended task (such as solving a design problem) that can be carried out in a
flexible span of time, and direct cooperation among different small design teams working
on different projects is not naturally established.

Still the accumulated wisdom and experience embedded in the artifacts that have
been produced in similar situations is a valuable resource to which students normally
resort, possibly enriching it by informal talks to peers who have undergone a similar
experience. This provides a sort of cultural continuity in which the new learning
experience is bred.

This study explores qualitatively the above issues focusing on the instructional
leverage afforded by StoryNet. a shared electronic design memory. which is emerging

from cycles of contributions of communities of learners engaged in Information Systems



(IS) analysis and design (Giordano, 1997a ; Faro & Giordano, in press). The system
allows the students to retrieve precedent design cases developed by other students,
possibly for reuse and adaptation to their current design problem, and to examine any
peer reviews, or any other comments, that have been attached to such design cases. The
focus of the research is to what extent designers are facilitated by such a system in
carrying out tasks notoriously difficult for novices and in what respects the quality of
their analysis and of their design artifacts is affected by using and contributing to the
shared design memory. Specifically, the objects of investigation are the relationships
between the architecture of the system, the kind of resources to be shared, the individual
differences among the learners and the impacts on the organizational learning of the
community.

This study differs from the studies that have been presented so far in the literature
in the field in various respects: 1) it addresses an instructional situation in which the
learners engage in a high-level and multifaceted task, involving analysis, design and
prototyping skills; 2) it is concerned with the relationship among the methodological
approach to analysis and design, the individual learners’ level of experience and
background, the integration with classroom pedagogy, and the adequacy of the
architecture of the system to collect and share experiences in the form of design cases; 3)
it is done in the spirit of gaining some insight into the cognition of novice designers
operating under the real constraints of preparing for an exam. in a specific context of
social and material resources, and to validate against it the design and deployment of
systems like StoryNet; and 4) it adopts a longitudinal approach to study some of the

above mentioned issues.



The study is organized as follows. Chapter 2 is devoted to characterizing the task
of learning Information Systems Analysis and Design. This is done for two reasons: first,
to gain an understanding of the specific novice difficulties and biases that are involved, as
documented by the empirical research in the field, and ﬁus have an initial baseline
against which traditional pedagogies can be evaluated, and second, to suggest in what
respects implementing a shared design memory can work in synergy with the classroom
pedagogy and the methodological approach to design taught, to offset some of the
documented biases and difficulties.

Chapter 3 first relates how the general architectural principles of a shared design
memory have been actualized in a StoryNet, and illustrates the context and the modalities
with which it has been deployed. Then it presents the research model that is used to
investigate the system, taking into account its distributed, social and cultural nature. The
research model is based on a cross-analysis of data originating from 1) the contents of the
shared design memory, 2) individual questionnaires, used to gather information about
individual characteristics of the designers, and their attitudes and ways of approaching the
shared memory; and 3) the actual design artifacts produced by different generations of
design teams. In particular, the research model identifies three angles of analysis for
investigating the shared design memory and characterizes organizational learning as
reflected in the emergent qualities of the designs produced by different generations of
design teams.

Chapter 4 presents and discusses the first part of the results of the study, based on
the data relative to the students who participated in StoryNet from March 1997 to the end

of July 1997. This descriptive part addresses the relationships among individual



characteristics, use of design precedents, perceived difficulty of the design activities, and
attitudes towards StoryNet. It also addresses the issues of how StoryNet serves as a means
to highlight and show design weaknesses in context, and as a means to convey additional
design knowledge through statements justified and formulated to be useful also to future
student readers.

Chapter 5 provides some of the methodological ground for the second part of the
study. by elucidating some theoretical and pragmatic issues involved in evaluating the
quality of the conceptual models and design specifications. It also presents the instrument
developed to evaluate the designs produced by the students by taking into account the
diversity of the themes that have been tackled, and elaborates on how the novice biases
map onto different aspects of the quality of the designs.

Chapter 6 first illustrates the method used to analyze the changes in the design
generations, and then presents the results of the analysis. This is done in various steps.
First two generations are compared: a sample of the design precedents available for
review, and the new design cases produced in the time span until July 1997. Then a third
generation of designs, produced from September to November. is introduced as a further
test to evaluate the quality and stability of the effects achieved with the shared memory.

Chapter 7 is devoted to an in-depth discussion of the results from Chapter 6. The
results of the analysis are used to produce an account of individual learning and of the
increase in the quality standards of the designs for the community as a process of socially
regulated, adaptive evolution, and to explain the specific role played by the shared design

memory in this evolution.



Finally, Chapter 8 concludes the study by pointing out its implications for the
design and deployment of systems such as StoryNet in contexts different from the one

examined and some directions for further research.



Chapter 2
Learning Information Systems Analysis and Design

This chapter aims at providing a characterization of information systems analysis
and design that highlights the particular challenges involved for novices and is also fair to
the social nature of the process and of its implication for education. Thus, after a brief
introduction to information systems, Section 2.2 reviews the empirical literature on the
cognition of novice analysts and designer, to characterize the more stable results on the
biases and difficulties that novices typically encounter. Then, Section 2.3 examines
critically the pedagogical approaches typically used to teach information systems analysis
and design, and the computer-based environments that have been proposed as being
potentially useful to support the learning process. This discussion highlights the relative
strengths and weaknesses and where the opportunities for integration or synergy lie.
Section 2.4 points out how the design methodology is an important vehicle to support the
learning process because it can address directly some of the difficulties highlighted in
Section 2.2 and briefly illustrates a design methodology that satisfies this requirement.
Finally, Section 2.5 outlines some peculiar advantages entailed by supporting the learning
process with a shared design memory, setting the ground for the more detailed discussion

to follow in Chapter 3.

2.1 Information Svstems Analvsis and Desien

Information Systems can be characterized as software systems which are data-
intensive, transaction-oriented and with a substantial element of human-computer

interaction (Loucopolous, 1993). Broadly. information systems analysis and design is
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concerned with modeling the data and the processes operating on such data to design
systems (e.g., databases, computer networks) that support the information requiremr;nts of
a business organization (Batini, Ceri, & Navathe, 1992; Cutts, 1991) Recently, the
discipline has been influenced by approaches that have advocated a user-centered
approach to the definition of the requirements (Jacobsop et al., 1992), and also to the
design of the actual interactions in the user-interface of the system (e.g.. Carroll &

Rosson, 1992; Carroll, 1995).

From a methodological point view, developing information systems involves
gaining knowledge about the business organization, knowledge which is subsequently
“transformed” into a formal representation detailing the requirements in a form suitable
for design and implementation considerations (Loucopolous, 1993). Design techniques
are typically cast - with the exception of rapid prototyping approaches - in a
methodological framework schematized into four main phases: 1) requirements analysis;
2) conceptual design, which involves modeling and analysis of the application domain to
formalize and validate the requirements; 3) logical design, which involves outlining the
system’s architecture in terms of cooperating functions or objects; 4) physical design.
which focuses on implementation and performance considerations. This scheme does not
have to be interpreted as a waterfall model. but rather as a rationalized description of the
kind of problems that designers face while designing in practice.

Structured analysis and design methodologies detail the steps in which the design
process is organized, provide expressive languages and diagrammatic notations, and offer

guidelines to perform each step; however, they are only of limited support to the actual
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analysis, requirements acquisition and comprehension (Maiden & Sutcliffe, 1992) and, in
general, to the ill-structured aspects of the design process.

This points out one crucial concern of information systems design education, that
is, supporting the transition from "learning to apply” any IS design technique, which
involves mastering specific modeling techniques for data modeling (e.g., the entity-
relationship formalism), function modeling (e.g., data flows), and process and event
modeling (e.g., Petri networks), to “understanding design” and developing the
competencies needed to perform effectively in those activities that are not explicitly
supported by the available analysis and design methodologies.

The ill-structured aspects mainly concern: 1) capturing the requirements
specifications in a conceptual model of the system and 2) the transition from the
conceptual model to the logical architecture of the system to be implemented. The first
activity requires strong analytical skills and is also affected by familiarity with the
application domain, which helps develop a sense of relevance in identifying data and key
processes in the organization (Faro & Gio-rdano, 1996). The second activity tends to be
ill-structured because it involves mappings among models which do not have the same
expressive power (Bouzeghoub, 1993).

Another concern is to induce and consolidate in the learners the diagnostic and
metacognitive skills involved in validating the conceptual model, with respect to its
semantic and its dynamic aspects. Recently, aspects related to team collaboration and
communication skills have been acknowledged as important (Catledge & Potts, 1996) and
therefore have been considered explicitly in the design of the learning experience

(Macaulay & Mylopolous. 1995).
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Provided this general scenario, suggestions regarding how to support the teaching
and learning needs of introductory information systems (IS) analysis and design courses
must take into account a characterization of the kind of reasoning that novices tend to

engage in, and of the biases and difficulties that are involved.

2.2 Biases and difficulties for novic¢ analysts and designers

The empirical studies of the cognition of novice analysts and designers have
mainly focused on the relative merits and effects on performance of different formalisms
or modeling tools (Jarvenpaa & Machesky, 1989; Ba&a, Hoffer, & Bostrom, 1990; Kim
& March, 1995).

Some studies aimed at building cognitive models and explicitly characterizing the
similarities and differences between experts and novices have been carried out (Batra &
Davis, 1992; Sutcliffe & Maiden, 1992; Prietula & March, 1991); these have a more
explicit focus on the implications of their findings for teaching and learning. In a similar
vein, because information modeling is a cognitively intense activity, and as such it is
susceptible to cognitive biases, i.e., errors that result from a misapplied heuristic (Tversky
& Kahneman, 1982), some studies have been set up to identify biases both for experts
(Siau, Wand & Benbasat, 1995) and for novices (Batra & Antony, 1994), in order to
understand how to lessen their effects.

The most researched task has been conceptual data modeling, which is concerned
with the semantic description of the domain entities, categories, attributes and their
relationships, according to some data modeling language, typically the entity relationship

model (ERM). The factors that account for novice errors, as identified in Batra and
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Antony (1994) are: 1) combinatorial complexity of the task, 2) use of heuristics that lead
to biases, and 3) inexperience and incomplete design knowledge of the novice.

Specifically, Batra & Antony (1994) locate the source of many errors in the
misuse of the “anchoring” heuristics. Expert anchoring involves choosing an initial data
model and then refining it; on the other hand, novices seem to be reluctant to make
changes, and the initial model or hypothesis becomes fixed even if it contains errors. One
particular case of anchoring is “literal translation,”i.e., the low-level heuristics of
translating nouns to entities and verbs to relationships, without attempting to understand
the nature of the relationship; this leads to sub-optimization in the model. Other instances
of anchoring are the by-product of other biases: 1) misuse of the relationships that are
encountered more frequently-and are easier to understand; 2) data saturation. or
prematurely stopping considering other information as a consequence of information
overload; and 3) order effects, i.e., aspects of the problem description encountered close
to each other in time are related while those encountered separately are not. The errors
that result from incomplete design knowledge, on the other hand, mostly concern the
connectivity of the relationships and failing to use generalized structures.

One explanation for the problematicity of the connectivity is that novices may be
overly concerned and spend more effort in deciding whether a relationship between
entities is mandatory or optional, an issue which is quickly solved by experts by opting
for the safer alternative (Siau, Wand & Benbasat, 1995). Siau et al., also point out the
importance of familiarity with the domain in performing the modeling task, given their
finding of increased uncertainty, even for expert modellers, about the correctness of the

model when uncommon words were used in the description of the problem.

14



Concerning the use of process modeling techniques such as the data flow diagram
(DFD), which place emphasis on procedural decomposition and top-down development, a
familiar problem is the ad hoc nature of the process of top-down development itself, and
the fact that the formalism does not provide formal rules about the semantics of process
decomposition nor does it give guidelines about when the process should terminate (Ball.
1995). Indeed, two recurrent novice difficulties are scoping the problem and recognizing
its boundaries, and performing problem decomposition (Sutcliffe & Maiden. 1992). These
are two inherently ill-structured aspects of the analysis. Floundering in details seems to
determine the difficulty in defining the problem boundary. Although one strategy to
reduce the amount of detail addressed at any time is hierarchical abstraction, to abstract
the critical properties of a problem (Simon, 1981), inexperienced students who apply it
tend to follow depth-first strategies in elaborating the problem components, and then they
have difficulty in coping with the level of detail generated. This phenomenon is repo&ed
in a protocol study of physical database design (Prietula & March, 1991).

Relatively more experienced subjects tend to spend more time in understanding
the situation and information gathering before addressing representational aspects, and
have “richer vocabulary and relative ability to categorize problem descriptions into
standard abstractions™ (Batra & Davies, 1992). The problem of genericity of vocabulary
has been observed also in the designs of students who choose personally the problem to
tackle for their course projects, their universe of discourse being rarely so developed as
to capture effectively the specificity of the organization (Faro & Giordano, 1996).

One major finding in Sutcliffe and Maiden (1992) is that the critical determinant

of success in analysis seems to be the ability to “reason critically and to reason



effectively with a conceptual model”, supported by hypothesis generation and testing, for
example through the spontaneous generation of domain scenarios. In this study, the more
effective subjects exhibited model-based reasoning, defined as cycles of hypothesis
generation following a single thematic strand, while incrementally developing the
conceptual model. Analytical success was measured in terms of design completeness,
under the premise that novices tend to make more omissions than errors. This is a rather
stable finding, also pointed out in Prietula and March (1991) and Venable (1996).

Model-based reasoning concurrent to the development of the conceptual model
was interpreted as evidence of the formation in the subjects of mental models. Mental
models (Johnson-Laird, 1989; Gentner & Stevens, 1983) have been postulated as a means
to reason about physical or abstract systems whose behavior has to be determined when
some characteristic of the system varies. They imply representations of the behaviors of
the system that are simulated or “mentally executed” following qualitative judgments.
Qualitative reasoning and mental models are also greatly emphasized as a key component
of design reasoning to evaluate proposed design components and to evaluate the
relevance and significance of the problem data (Prietula & March, 1991).

One common remark in the studies that have compared novice and experts is that
the differences are mainly attributable to novices not having the strategies. specific task
knowledge and domain knowledge to decompose the problem and to deal with
complexity and detail (Batra & Davies. 1992). Also the markedly opportunistic and
individually variable nature of the way of tackling analysis and design has been pointed
out. Different strategies and heuristics can lead to successful solutions (Prietula & March,

1991). Prevalence of opportunistic versus methodic reasoning is also a consistent finding
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of the protocols in Sutcliffe and Maiden (1992), who show that the most successful
subjects did not follow the well-ordered approach to analysis as advised by structurgd
methods, but mixed analysis, design and implementation considerations.

Some comments are needed to cast the above results in the proper light. First it
must be pointed out that such studies, by their very nature, do not take into account the
social and collaborative universe that surrounds the real design practices and the real
learning experience, in a time span that extends far much more than the time allocated to
a laboratory experiment. Also, the specific effect of the particular notation and
methodology used must be taken into account. In fact, one generalization that can be
derived from those studies that are more driven by a human-factors perspective is that,
granted the individual and opportunistic variations in strategies and performances,
notational formalisms do make a difference concerning the semantic performance in the
modeling activity (e.g., Kim & March. 1995) and can also inherently bias the approach to
analysis towards one particular strategy . e.g., top-down refinement (J arvenpaa &
Machesky, 1989). In fact, some difficulties are not necessarily related to a specifically
novice kinds of reasoning or lack of knowledge. but. more simply. are induced by issues
such as the visual salience of the notation (Jarvenpaa & Machesky, 1989) or the fact that
the relevant specifications are distributed over different documents, which increases
failures in understanding requirements specifications, detecting specification errors, or
identifying the influences or effects of changes (Takahashi, Oka. Yamamoto, & Isoda,

1995).



A summary list of the specific novice biases and difficulties hindering modeling
and design performance which were highlighted in the above discussion is reported in

Table 1.

Table 1. Recurrent difficulties and biases of novice analvsts and designers

Key difficulties:

1) Scoping the problem and performing problem decomposition

2) Generating and testing hypotheses about the model of the system by robust problem-solving
strategies (heuristic-based reasoning, or use of domain scenarios); mental model formation

3) Reasoning on model completeness (more omissions than errors)

4) Lack of strategies for dealing with complexity

5) Lack of familiarity with the domain

Biases/errors

1) “Anchoring™: fixing the initial model or hypothesis, failing to detect errors or weaknesses

2) Piecemeal modeling by “literal translation™ of nouns to entities and verbs to relationships
that leads to design sub-optimization

3) Biases related to information overload, data availability (only what is easily available in the
problem gets incorporated in the model) and lack of feedback

4) Tendency to concentrate immediately on implementation issues at the expense of high level
analysis concerning the requirements

5) Working at too detailed a level

6) Lack of specificity in the universe of discourse

Some have proposed to teach data modeling by making the students aware from
the very beginning of expert strategies and capabilities (Venable, 1996). What is arguable

about the approach is the assumption that such expert strategies are teachable tout-courrt,
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without an explicit intervention on specific aspects that make the process ill-structured
and difficult for novices. Also, taking into account the natural variation in the individual
approaches and strategies to design problem-solving documented in the studies discussed
above, it seems that this would not be productive. Moré sensible is the suggestion that, at
least concemning the documented biases, students can be warned concerning the biases
about what not to do, rather than being simply told what to do (Batra & Davies. 1992).
However, as pointed out in the section to follow, there can be more sophisticated ways.
both from the pedagogical and methodological point of view, to address the issue more

directly.

2.3 Limitations of traditional approaches to teaching IS analysis and design

A traditional way of teaching IS analysis and design in the classroom is to
illustrate the design methodology and then have the students apply it to case-studies
describing some organization. Although this is a good exercise in technique application. it
is not sufficient for developing robust skills in the identification of relevant processes and
data because this sort of information is already embedded in the case, filtered by its
author. Also, it is very demanding to transform individual IS case-studies into shared
objects of classroom discussion as in the traditional case-method (Williams.1992).
because their complexity and representational format (diagrams. notations) make them
not amenable to concise presentations to a very large audience. In the context of IS
analysis and design four components of the cognitive apprenticeship pedagogical model
(Collins, Brown & Newman, 1989) are especially crucial: the instructor modeling the

task, the learners practicing authentic tasks. supporting metacognition, and having the
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learners explicitly articulate their knowledge. However, the implementation of such
components/guidelines has some challenges. The first is that although the instructor can
focus the task modeling effort on the methodological and technical aspects of design,
especially on the ill-structured ones, other tasks, such as the requirements elicitation and
validation with the end-user, are inherently difficult to model in the classroom.
Concerning the authenticity of the task, the learners should work on some real
client needs in order to experience personally the subtleties involved in requirements
elicitation and get a sense of the complexity of real systems. Recently, a hypertextual
simulation of an organizational scenario, to be explored by the student who is required to
exercise observation and requirements gathering skills, has been proposed (J.E. Kendall,
K.E. Kendall, Baskerville, & Barnes, 1996). This has the advantage of being experiential
and engaging but has the limitation of addressing only process issues, and not grappling
with substantial knowledge about organizations and classes of recurrent problems or
patterns. Also, a computer-based learning environment to teach graphical user interface
(GUI) design skills and client consulting skills has been developed as a module of a
Systems Analysis and Design School for a consulting firm (Campbell & Monson. 1994),
following the Goal Based Scenario (GBS) approach. A GBS recreates a scenario in which
the learner is required to accomplish some motivating goals (in the above mentioned case,
to produce three artifacts, i.e., a design documentation for a GUI for a hotel reservation
system, a simple prototype of part of the system, and a memo informing the fictional
client about various aspects of the design of the computing environment on which the
system has to be implemented) which are structured in such a way that, to meet them, the

students are required to build a pre-determined core set of skills and knowledge. The



philosophy of the GBS approach is not to teach decomposed or decontextualized skills,
but to organize the learning resources so that information is provided when the learners
specifically ask for it, and to provide opportunities to learn from mistakes. A key strength
of the GBS approach is to provide information to progress towards the goal in the form of
“cases” or stories that can be told by experts, for example through videos, when asked by
the students. The approach has proved suitable for learning “soft™ and social skills (Kass,
Burke, Blevis, & Williamson, 1993/1994). However, GBS are expensive to develop,
because they entail organizing a knowledge base in terms of cases and stories and
mapping it to a goal structure that can be followed by the learners according to different
strategies.

With respect to authenticity, project-centered courses are a viable approach to the
creation of learning experiences that are representative of some crucial aspects of the
design problem-solving and knowledge construction process, including communication
and team collaboration (Habra & Dubois, 1994; Moore & Potts, 1994; Bruegge & Coyne,
1994), because students can work in teams and a major emphasis is placed on the
production of a real design artifact. This has also the benefit of cultivating analysis and
design as a competence, not just a body of knowledge, and is a step towards developing
reflection in action skills (Schon, 1983), i.e., those competencies that permit one to act
and respond effectively in familiar situations, and reflective skills that let the practitioner
reason about his or her skills and knowledge when the most immediate course of action
seems likely to be unfruitful. The major strength of project based courses is the
authenticity of the experience; however, drawbacks are time constraints, finding projects

of adequate complexity, and the bias and tendencies that novices bring to the task. The
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first two drawbacks can be solved by GBSs, at the expenses of the authenticity of the
“real” project, but the issue of the novice biases and difficulties is not explicitly addressed
in either approaches: project-based or GBS.

Regarding the metacognitive aspects, the student should internalize both the
heuristic criteria of good design and the verification mechanisms that are not implicit in
the design techniques; this requires extensive practice, and experience with a variety of
cases, as was pointed out . One way to encourage the students to think critically about
their design solutions is by requesting them to articulate the rationale behind the
decomposition of the system into specific functions or objects, and making the quality of
articulation an integral part of the evaluation process. However, this begs the question of
how to support the learner in reaching an adequate quality of explanation in a domain
with a highly technical language and in which inferences from design and domain
knowledge play a constant role.

One promising approach to support design is case-based reasoning (CBR)
(Kolodner, 1993; Oxman, 1994; Maher, Balachandran & Zhang, 1995). Broadly, case-
based reasoners solve problems by retrieving previous solutions that partially match the
problem based on some similarity metrics. and proceed by adapting those solutions to the
requirements of the design problem. Applications of case-based reasoning to database
schema design (Paek et al., 1996) and to facilitate the designer in the re-use of
requirements specifications (Maiden & Sutcliffe, 1996) have been proposed recently.

However, the effects of case-based reasoning approaches on learning are just
starting to be investigated. In the context of learning a design practice, the possibility of

inspecting a variety of design artifacts is useful because such artifacts embed technical
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knowledge about how certain design cases are solved and how projects can be structured
and developed; the variety of cases can suggest more refined dimensions for analysis and
help develop cognitive flexibility (Spiro, Coulson, Feltovich, & Anderson, 1988). In
particular, it has been noted that although a base of cases can help the learner in seeing
how knowledge can be generalized and transferred (Guzdial et al., 1996), only rarely do
students adopt this approach spontaneously (Reimann & Schult, 1996). The possibility to
elicit adequate learning processes as a side effect of interacting with a properly organized
library of cases has been acknowledged (Reimann & Schult, 1996), and indeed the
problem of case organization and indexing is particularly crucial in a learning context. If
cases are organized according to abstractions of classes of design problems and relevant
solutions, it might be a problem for the novice learner to identify the class to which a
particular problem belongs. For example, a novice who is designing a reservation system
might fail to recognize it as an instance of the abstract “resources allocation™ case, and
search accordingly in that class of problems (Faro & Giordano, 1997b).

The discussion above points out some directions that can be taken to construct a
learning experience which integrates the strengths and the potential of each pedagogical
approach, and attempts to mutually counterbalance the associated weaknesses and
constraints. The proposed architecture tries to get some leverage by operating on the
following dimensions: methodological approach to design, collaborative and social
construction of cases, integration with the classroom pedagogy, and interplay between
individual and organizational learning.

The following two sections aim, respectively, at a) characterizing the

improvements in supporting the learning process and some of the reasoning involved in
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design that can be obtained by operating directly at the level of the design methodology,
and b) characterizing the learning affordances of building and using as a resource a shared

design memory emerging from the design cases produced by the students.

2.4 Anchoring the learning process to story-based design

The languages and notations used in IS design do not facilitate tracing the
evolution of scenarios that the system must instantiate; thus the verification of the
semantic and dynamic aspects of the model is cognitively demanding. An essential
requirement for the methodology to allow the novice designer to quickly engage in the
design process is that it be cognitively adequate for remembering and organizing
experience. The Story Telling Theory (STT) (Faro & Giordano, 1996, 1997a) was
proposed as a way to formalize scenario-based approaches to design and as a means to
support the learning process. This methodology provides a template to formalize the use-
cases of the Information System in a set of stories and episodes that inherently take into
account the user’s point of view. It allows the designer to organize the requirements in
such a way that propagation of effects among stories tends to be confined, thus allowing
partial and incremental verification of the model and provides a contextualized
framework that facilitates interpretation of the relevant data and process models.

The approach is supported by psychological theories that point out the
fundamental role of narration in cognition. Some consider stories as fundamental for
memory indexing (Schank, 1990), while others go a step further and consider them as the
organizing principle of cognition even in the process of making sense of experience

(Bruner, 1990). However, totally unconstrained narratives about the system requirements
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would result in design scenarios that were still relatively complex, because of concurrent
and/or nested stories, the ambiguity inherent to the language, and the incompleteness of
any specific point of view from which a story is told (e.g., a secretary’s point of view
differs from the manager's point of view in the specification of the office functions).

The STT (Story Telling Theory) “template™ partially addresses the above issues by
organizing narration according to a set of categories (WHO, the ﬁain actor of the story,
WHAT, the goal of the story, HOW, the sequence of the episodes to perform to reach the
goal of the story) augmented by a description of ASSUMPTIONS (episodes that are a
pre-condition for the story to take place) and WHAT CAN GO WRONG (obstacles
towards reaching the goal). Such descriptions allow the generation of focused strategies
for EXCEPTION HANDLING or recovering from the obstacles, to let the story progress,
or otherwise abort, and continue with some other story.

The "template” becomes a key tool in guiding the learner to acquire the
metacognitive skills for correctly performing the requirements' elicitation process. From
the student perspective, grounding their conceptual modeling exercise in the story telling
approach to requirements collection affords some advantages : 1) the traceability
between requirements and design solution; 2) learning to keep a user-centered
perspective; 3) incremental deployment of the conceptual model, which helps performing
correctness checks, and 4) easier identification and control of the dynamic behavior of the
model. Points 1) and 2) are usually claimed to be the rationale behind approaches to
requirements engineering broadly based on scenarios or use cases. Points 3) and 4) are
especially important for a novice learner, for lessening the cognitive load involved in

performing such task. Also, because reasoning by story telling is based on the natural



ability to comprehend and structure stories the learner can immediately engage in the real
task of elicitation and analysis with a clear vision of the overall goal of the design process
and with a tool that facilitates communication with a real user.

Thus STT is a first support in breaking down design complexity, but still there is
the somewhat arbitrary nature of the decomposition of stories in episodes and events.
This is partly addressed by some decomposition rules provided be the methodology itself,
based on the goal structure of the system. With respect to the other difficulties and biases
reported in Table 1, it can be pointed out that, concerning the problem of generating and
testing hypothesis about the model of the system (point 2 in Table 1), STT, unlike
conventional methods, directly starts from the domain scenarios. The study of Sutcliffe
and Maiden (1992) indicates that subjects who spontaneously use scenarios tend to be
more successful in analytical performance, and thus STT tends to overcome differences in
this aspect of analytical skills. On the other hand, biases such as working at too detailed a
level, or piecemeal modeling, could be indirectly exacerbated by the STT approach, if
each story or episode is simply “translated” into a partial data model or process model.
STT suggests to address the optimization of the overall model when each partial model is
integrated in a global view:. in a process of bottom-up synthesis. Lack of specificity in the

universe of discourse is not taken care of directly.

2.5 From case-based systems to shared desien memories

By making available a repository of cases with student projects, some beneficial
side-effects for the learners can be attained. Students can facilitate their design process by

examining fully developed projects because they:



1) see concrete examples of application of the design techniques and get a sense of the
scope of the exercise that they are requested to do;

2) can possibly analyze projects in the domain they have chosen (e.g., insurance,
banking, medicine, travel agencies, etc.) to check the concepts, the language, and the

procedures/functions embedded in the conceptual model;

3) can be exposed to a variety of design artifacts that embed technical knowledge about
how certain design cases are solved and detect patterns of problem instances and

solutions. Also, more refined dimensions for analysis can be suggested.

Besides facilitating the development of an initial design concept, ideally such a
case base would also afford the opportunity to exercise critical skills, given that the
design artifacts originate from novices and are likely to incorporate some misconceptions
and thus discourage “blind re-use”.

However, there is a limit to what can be accomplished by such a rudimentary
case-based system. Interestingly, having access to former projects does not result in
increased depth of analysis in the modeling of the organization (Faro & Giordano,
1997b). Indeed, the re-use of stories or episodes from other projects seems to result in a
form of design stereotyping at too high a level of generality, with emphasis placed on
detecting surface level analogies with other organizations, rather than on focusing on the
differences, as truly user-centered design would require.

This may be the result of the fact that the cases available for inspection are
developed by other novice learners and not by professional designers, but it can also be a

result of the fact that by simply examining projects as independent and unrelated items,



without having some information on their design rationale or on the underlying problem-
solving and design process, which can only be inferred, it is difficult to develop a deep
understanding for an informed resource re-use, and for a productive transfer of the design
experience.

Thus, at the level of organizational learning there is a risk of promoting a certain
degree of uniformity or encouraging the diffusion of incorrect or unproductive practices if
the process of re-use is not backed up by some means to facilitate the interpretation of the
meaning and value of each artifact. However, because the sort of information that is
needed to do so bears fundamentally upon the social nature of the design process
(Bucciarelli, 1994) it is very hard to recreate or represent.

This latter issue has been central to the problem of supporting organizational
learning by making the knowledge embedded in artifacts. documents, or even that
generated during live discussions, more resilient and more widely available to the
potentially interested members in an organization, i.e., by enhancing the organization’s
“memory” (e.g., Walsh & Ungson, 1991; Giordano, 1994; Terveen, Selfridge. & Long,
1995). Efforts towards recording the rationale for decisions. especially those occurring in
design meetings, have generated much research into languages and graphical notations for
expressing the argumentation underlying the design decisions. This involves structuring
the discussion that surrounds any particular design decision according to categories such
as “support”, “object”, “goal” (e.g.. Lee & Lai. 1991), and graphically mapping the
relationships between facts, arguments, counterarguments, and so on, in an electronic
medium. However, later intelligibility of the rich resulting picture turns out to be difficult

even for those who participated. due to the lack of context or contextual clues



(Buckingham Shum, 1997). This makes even more difficult the transfer or “re-use” of
that design experience across different projects or teams.

This objective representational difficulty is a natural constraint to the process of
supporting the continuity of acquiring and transforming design practices across
generations of design students. However, there are unique pedagogical opportunities in
the process of transforming the repository of cases from a “commodity” to use. in a covert
background activity, to the outgrowth of an acknowledged effort of the learning
community for building a shared design memory.

First, the learners are introduced to a process of knowledge construction in which
they have to take personal responsibility. Provided with a representational framework that
is not excessively intrusive or cumbersome to use and that allows them to relate design
cases and to express design reasoning, the learners can exercise the communication skills
that facilitate transferring and re-using experience, in the effort to making their
contribution as intelligible as possible even to those that did not share the context of its
creation (Giordano, 1997b). This latter aspect is especially important in domains in which
competence requires being able to participate in the collaborative efforts of an
interdisciplinary team. As Bucciarelli (1994) points out:

Expertise and competence within an “object world”, are not enough to

ensure quality design. All the participants must be able to explain and

describe their experiences to others from different object worlds who do

not have the same depth and expertise, or the same familiarity with

underlying form and technical possibilities. (pg. 81)



Especially in the domain of design, in which there can be a marked creative and
personal component both in the way of framing problems and of finding solutions, the
fact that the design cases are shared provides a reference model regarding the quality that
can be achieved. This can be a motivational drive for those learners who are truly novices
to the field, and also for those who are more experienced and confident. Thus one
element of educational leverage is provided by the means of creating individual
“identities” as a designer in the space of the shared design memory, which implies being
able to relate and differentiate one’s own artifact from those that already exist (Giordano,
1997b).

To fully gather the potential educational benefits , the adopted representation and
structuring mechanisms for the shared memory must be carefully tailored to the design
domain, ensuring consistency with the sought after mode of discourse; embed some
features that counteract the risk of uniformity: and respond to issues such as to what
extent product and process must be represented in the memory, to enhance the
meaningfulness of the information.

The object of the next chapter is to explain. first. how these issues have been
accommodated in the architecture of a shared design memory for information systems
analysis and design, taking into account the novice biases and difficulties referred to

earlier, and then to present the research model adopted to investigate it.
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Chapter 3
StoryNet: Architecture and Research Model

This chapter first presents the architecture of StoryNet (Giordano, 1997a ; Faro &
Giordano, in press). StoryNet is a shared design memdry aimed at supporting both
individual learning (by enhancing the ability to carry out a deep, user-centered analysis of
the business organizatioq, and the ability to critique and verify the design) and
organizational learning (by facilitating the circulation. acquisition and transformation of
design ideas and practices). The thrust of the description provided in Section 3.1 is to
explain how the StoryNet architecture addresses the issue of providing enough context
around the design cases to make them meaningful and useful to the learners. and how it
operates in conjunction with _the methodological approach to design to possibly offset
some of the errors and biases which the novices tend to incur. Then Section 3.2 gives
some information about the context of deployment. The core of the chapter. Section 3.3.
tllustrates the mode! adopted for exploring the effects that StorvNet has had on the
“generations” of students who have participated in its creation. Finally, Section 3.4
describes the instrument used for gathering individual information, and sets the ground

for the results presented in Chapter 4.

3.1 The architecture of StorvNet

StoryNet can be characterized as an evolving system, made up of a network of
annotated design cases incrementally linked by the students. In the context of learning IS
design it is desirable to view projects from different angles, e.g., as the analysis of a

particular kind of organization, as a solution more or less adequate and innovative of



specific classes of problems, as exemplifying typical mistakes, as clarifying the
relationship between analysis and design, for example, in sketching the user-interface.

The general motivations for organizing the cases in a hypertext network in which
links connect cases that share some aspects and thus allow thematic exploration are given
in Spiro et al. (1991). Essentially, it is argued that such hypertexts (cognitive flexibility
hypertexts) allow one to see how aspects are interrelated in ill-structured domains. thus
fostering in the learners analysis skills and, possibly, cognitive flexibility. defined as the
capacity of flexibly assembling knowledge components relevant to solving problems.
Some evidence concerning an increased ability in analyzing a problem according to
multiple dimensions as a consequence of using hypertext based instructional systems is
given in Jacobson and Spiro (1995).

However, in cognitive flexibility hypertexts, aspects and themes are identified in
advance, and links are deployed accordingly by the designers of the hypertext. who also
select the cases. An environment for design is too constrained if the resources it contains
and their links are pre-defined, because this would embody an a priori design theory and
set of principles. This is even more true of information systems design which is a wide,
multifaceted domain subject to fast changes in the technologies. “Prepackaged™ case-
bases can become obsolete very quickly and thus do not allow the learners to develop the
ability to interpret and design according to changing organizational and business realities.
On the other hand, the challenge of the shared design memory is just to deploy
mechanisms that allow for the dynamic collection and organization of design resources,

for emergent design principles.

W
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The prime organizing theme of StoryNet are “stories” and “episodes” that model
the organization, following the STT design methodology outlined in Chapter 2. Attached
to these stories and episodes are multimedia documents illustrating the data models and
snapshots of the user-interface of the implemented prototype (Figure 1). By examining
cases organized in stories and episodes, their structure can be readily perceived. but not
the motivations underlying that structuring, or other considerations that were made during
design reasoning. These considerations can be made more explicit in “comments "
attached by the authors to each specific story or episode, or in “/inks ' to the precedent
design cases that were used (if any). Comments and links explain how the current design
solution evolved based on the suggestions or in the errors to avoid detected in the
precedents. This exercise requires a more focused effort to place the contribution of the
new design case in context, and this is an opportunity to foster in the learners specificity
in the analysis and exercise communication skills.

In the same spirit. an additional component of the shared design memory
comprises the “design critiques” that are attached to the design representations. Such
critiques are contributed in a structured document which addresses various dimensions of
the quality in the design. For each dimension different aspects are suggested that might be
taken into account to justify the overall judgment. These guidelines were developed as an
implicit model of how an expert would approach the evaluation of the design. In
Appendix A there is a copy of the review document as available in StoryNet.

The philosophy of the shared design memory is that there is some added value in
sharing such documents beyond the process of producing them. Accordingly, the reason

for sharing the critiques is that they have potential to provide a contextualized
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representation of the possible weaknesses in the reviewed precedenis, and to function as
an intelligible and illustrative warning for newcomers in selecting the more useful
precedents. The load of creating such resources is distributed among the students and
since each design team reviews at least one precedent, as a course requirement. a
representative sample of the biases and misconceptions can be generated. Also. the
proposed mechanism fundamentally relies on the differences in competence and
sensibility that are normally found in a wide population of learners (typically, in the
context for which StoryNet has been designed, about 25% of the learners already have
some professional experience). This ensures enough variety in the cases and in the way

design is tackled, and in the insightfulness of comments and reviews, to be valuable to

beginners.

DESIGN
CRITIQUE Story Episode ( COMMENT )
Project S(ory | EpiSOde&. vt
,descn'ption " DFD/ERM
| Episode
| | Story @ ... L

DFD/ERM Link (adapt) : .
‘connection

Story Episode“
] Episode .' Link (extend)
Story , (.
Episode DFD/ERM

Figure 1. The StoryNet architecture.



Cases in StoryNet are incrementally linked in a network of “old” and “new”
related design cases that highlight how design solutions have evolved. In some respects,
the process mimics the use of citations and referencing in the scientific process. For each
design unit that can be retrieved from StoryNet, its reference links point to other units
(stories or episodes) that have been used or taken into account in the design of the
retrieved unit and its citations links point to the more recent projects that have taken that
unit into account. Links are typed to make more readily apparent how and why that unit
was taken into consideration. Available typed links are: ‘Correct’, ‘Extend’, ‘Detail’,
"Adapt’, ‘Use as is’, ‘Restructure’, ‘Other’. Links are mediated by nodes that further
qualify the typed conceptual link, by including an additional comment or “explanation™.
The annotated references of the project should make apparent the analytical and critical
effort invested by the student (or a team) in the project, and his or her personal
contribution in structuring and introducing the new design cases.

The structure “domain-story-episodes™ provides a user-friendly indexing
mechanism, and stories or episodes can be searched selectively according to the specific
categories of the STT template. Full text search on all the documents in the shared
memory is available. and once a first set of design cases has been identified as the result
of querying the system, the links support navigation in StoryNet to find relevant design
cases by exploring the surroundings of each case. In particular, the supported exploration
strategies run backwards, in search of design rationale, and forward. in search of critiques
and new developments. StoryNet is implemented on Domino Lotus Notes, a current

groupware technology.



The hypothesized influence of some of the design features of the shared memory

on the novice biases/difficulties in the relevant design activities is sketched in Figure 2.

Design features of
the shared memory

Novice's biases and difTiculties
in design activities

Linking mode! to scenarios
of use

« Lack of referent knowledge
« Generating testing scenarios

« Capitalizing on the previous
experience of the learners

Supplying enough variety in
the examples of how the
problem domain has been
tackied

« Reuse of drafted solutions
« Going beyond simplistic
solutions

« Reasoning on model
completeness

« Focus on the semantics of
application

Embodying the Story-based
approach to structure
requirements

« Scoping the problem and

recognizing its boundaries
o Performing problem
decomposition

» Lessening the cognitive load of
verification

Peer review, collaborative
annotation

« Evaluating model correctness

(semantics. dynamics)

« Specificity in the Universe of

discourse
« Cultivating communication skills

Figure 2. Hypothesized influences of some features of StoryNet on typical

novice biases and difficulties in design activities.

The next set of illustrations provides a walkthrough of StoryNet. In Figure 3 is the
StoryNet home page, and Figure 4 offers a view by title of all the Projects contributed to
StoryNet. Figure 5 shows how to examine the organization of each project in the relevant

stories. Figures 6 and 7 illustrate, respectively, the summary description of a Project with



some of the attached design representations, and the specific description and diagrams of
a story. Figure 8 shows the result of a search for design cases dealing with the registration
of card-carrying members of an organization. Figures 9 shows the general view to access
the comments and Figure 10 shows one comment thaf explains the link deployed
between two stories of two different projects. Figures 11 shows a view of the citation
links of ;he design cases, with the context of citation and, finally, Figure 12 shows a view

of the critiques relative to each design case.

VYersion 2.0

@ Design Cases
& Critiques
Comments
Links

User Prafile 8 Feedback

Figure 3. StoryNet home page.
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Figure 4. View of the design cases by title.
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Figure 5. Stories pertaining to a project.
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Figure 6. Project description, with attached DFD, ERM and a snaphot of the prototype

interface.
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Figure 7. Episode template with attached the relevant partial ERM and DFD.
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Figure 8. Results of a search in StoryNet.
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Figure 9. General view to access the comments to the design cases.
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Figure 10. A comment contributed by a design team.
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Figure 11. Citation Links and context of citations.
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3.2 The context of StoryNet deplovment

StoryNet was deployed to support the undergraduates preparing for the course
“Information Systems Analysis and Design™ in the electronics and information
engineering degrees at the University of Catania, Italy. The researcher was a participant
observer in the experience, playing the role of teaching gssistant of the course. The
students in the course are usually students in their second year, although some students
(typically 15% - 20%) can be at a more advanced stage in their studies. They have a very
varied background in terms of former schooling and level of experience (amateur or
professional) with some contents of the course. The main coursework requirement is the
development of a project, involving the analysis and design of an information system and
the development of a software prototype of one portion of it. The project can be
developed collaboratively and is normally carried out by teams of two students.

At the time of deployment, the students were informed of the purposes for which
the course’s shared memory had been conceived and of its intended use and that they
would be directly involved in building and using it. In explaining to the students the
rationale for building StoryNet it was emphasized that the shared memory would be. on
the one hand, an opportunity to access more design precedents, and on the other hand, an
opportunity to make apparent and public in what respects the new designs were improved
or original, and an opportunity to exercise design critique skills. The experimental nature
of the intervention was also pointed out, both from the pedagogical point of view and
from the point of view of considering StoryNet a form of advanced information system
currently of topical interest for research. It was stated that students’ feedback was invited

and would be very welcome on any occasion. It was clarified which documents had to be
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contributed to StoryNet as part of the course requirements. Concerning evaluation of the
overall contribution to StoryNet, the students were told that the criteria focused on the
quality of the design review and on placing informative links. For those students who
attended the course in former years and had not taken the exam yet, contribution of the
required documents to the course memory was optional. During office hours the students
could discuss with the teaching assistant the project that they want to develop. either
individually or in teams, and the teaching assistant would select from the repository of
former projects one or two projects, if any, that might be relevant to the topic selected by
the students. This “manual” procedure stemmed from the need to start populating the
shared memory with cases. It was recorded who was given what. One criterion followed
in assigning the projects for review was that preferably the same project would not be
assigned to more than two groups. The students were warned that such projects could be
used only for didactic purposes and that there was a limit to the re-use that they can make
of them in their design exercise. At the beginning, it was specified that no more than 50%
of the stories and episodes of a precedent éould be re-used, in order to make it clear what
were the new contributions to the design. However, this was couched more as an
indication rather than as a constraint, to emphasize that the key point was achieving a
design with a distinctive mark. either in the domain application or in the solutions
adopted. The students agreed to insert in the shared memory at least one of the projects
that they had reviewed, and then they (individually or as a group) would attach to it their
own critique (peer review), besides contributing their new design project. The students
were given a document with the guidelines to critique a project (a mockup of what they

would find in StoryNet) and they were also encouraged to add to the critique any other



dimension that they may feel relevant. Technical training on the use of Storynet was
provided with the following format: one class was devoted to provide a global view and
illustrate its main use cases, and then four demonstrative session of 45 minutes each with
smaller groups of students (each group of about 30 participants) were given. Extra
clarifications or demonstrations were also given during office hours by the teaching
assistant,

Customarily, at the end of the course, the students can choose when to take the
exam (there are regular convocations every two weeks). When ready, they submit an
electronic copy of their complete design exercise and present themselves for the exam,
which is public and includes a detailed discussion of the project with the professor.of the
course. The examination usually takes about 45 minutes and addresses the analysis.
design, and prototyping skills that the candidates have developed. The focus is on the
ability to justify design solutions. This time the students were required to complete their
contribution to the shared memory three days before taking the oral examination. to allow
checking of the contents. The researcher was also present at the oral examination. asking

questions, and taking notes about interesting aspects emerging from the discussions.

3.3 The research model

As a consequence of the perspective that a shared design memory is just a part of a
distributed system, the study of its effects on individual and organizational learning must
take into account dimensions pertaining to the design artifacts. the community of learners.
and the shared design memory, as being an artifact itself. The overall learning

environment’s effectiveness in supporting analysis and design skills can be evaluated by
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traditional measures of quality of the design output, but a better picture must include also
aspects related to the process of using this environment and how the overall process of
designing, taking into account the shared design memory, is perceived.

The method chosen to carry out the study stems from the fact that, for some
aspects, Storynet has to be studied with an ethnographic approach, to understand the
social factors and the cognitive factors that govern the way it is perceived, used, and
accepted, and in what respects it modifies the pattern of informal exchange of information
and design artifacts among the students. This latter aspect can emerge fully only after the
effects due to the start-up phase for populating StoryNet with cases disappear. At that
point there should be enough content in the system to become appealing to students from
the very beginning of their design experience. On the other hand, in the time span chosen
for this study, that is from March 1997 to October 1997, other aspects, equally important,
can be investigated to understand whether the pedagogical tenets of the overall approach
hold. These aspects involve mainly the activities underlying the preparation of the
documents to be shared on Storynet, i.e., the peer review, the annotated links, and the
excerpts of the projects, and also the actual development of the prbject by taking into
account the design precedents.

From a methodological point of view, the approach of this study differs from an
ethnomethodological study involving a detailed observation of this background activity,
maybe for selected groups, or from a protocol analysis studv which would involve a
detailed modeling of the reasoning processes involved in one specific task (of the many
that are involved in finally getting a working software prototype) for a sample of the

students. Because the focus of the study is not simply on the effects of StoryNet on the
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individual teams, but rather on understanding how StoryNet affects the process of
knowledge transfer across and within “generations” of leamners, the above approaches
would miss the organizational learning effects concerning any trends of improvements of
the whole community of learners. Thus the method of study is a cross-analysis of data
originating from individual questionnaires gathered from the students, the contents of the
shared design memory and the analysis of the final artifacts produced by the teams,
occasionally integrated with their personal observations and recordings.

The model of “distributed system” upon which the research approach is molded is

sketched in Figure 13 and illustrated in the following.

* (Case representation
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design memory
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e Features
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¢ Emergent design
quality

Generational
changes

Figure 13. A model of the dimensions involved in studying the shared design memory.
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Relevant dimensions to the community of learners are the gfoup profile, the
attitudes towards the shared memory, and the overall organizational learning of the
community as a whole. Group profile must be considered when investigating the system
because it can be a factor that affects the trends with which the overall system evolves. or
that underlies possible failures of specific design or implementation features of the shared.
memory to correspond to their intended use. Level of initial competence in the design
area of interest or in related fields is one aspect to normally include in the definition of
the profile; as an heuristic criteria, any features that vary more extensively in the overall
community, such as schooling background, interest in the subject, to name a few, might
be worth attention. Conversely, those features that are strongly defining of the community
have to be taken into account too.

Attitudes towards the shared design memory must be seen both globally. in terms
of the community’s acceptance of the system. and at the individual level. in terms of how
each actor responds to the overall mode of dealing and thinking with representations
enforced by the system. Thus one angle to investigate the students’ perception of the
shared design memory must regard the pedagogical rationale underlying the approach,
L.e.. the utility of viewing precedents. the utility of critically reviewing some of them and
the utility of sharing both the precedents and such reviews. Another angle of analysis
must focus on the effort or difficulty involved in the conceptual and communicative
operations that are requested of the students in order to sustain and develop the contents
of the shared memory. Finally. another angle of analysis must directly address the
assumptions made by the designers of the shared memory concerning the effectiveness of

the formats chosen to represent the precedents, to link them, and the solutions adopted to
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browse and to contribute to the system. Related to this latter angle of analysis and to the
first one are preferences that the users of the system might express on any kind of
information that they would like to see in the shared memory.

The organizational learning of the community has to be seen as an emergent effect
of micro-activities such as sharing experiences between qnits that are solving problems
collaboratively, re-using design elements, reflecting on the design process, and. overall,
as a process of gradual enculturation in the modes of discourse of professional designers
and in the “internal” modes of discourse generated within the community itself. But the
key step is relating this global process to the quality of the design artifacts that are
produced, to the generational changes that occur at each “cohorts” turn-over, expressed in
the emergent overall design quality that stems from combining the design artifacts’
features, strengths and weaknesses.

Indicators of the organizational learning that is taking place due to the
introduction of the shared memory are: the kind of design features or solutions that have
become standard (i.e., those that tend to be present in the majority of the more recent
projects, whereas they were rare in a former generation), the degree of innovation, i.e., the
percentage of projects within a generation that exhibit new features, and the number and
type of design weaknesses, possibly related to the novice cognitive biases and difficulties.
that tend to disappear or persist.

To highlight any trend of improvement, quality of designs can be compared to the
quality attained in the former years, if the key elements in the pedagogical approach used
have been kept constant, except for the introduction of shared memory, and the salient

characteristics of the target population of students enrolled in the course for which the



shared memory is implemented have not changed. Thus evaluation has an across-
generations component and a within-generations component aimed at pointing out any
differential effect that might be taking place. In this respect information about the group
profile is essential to understand the limits of comparison and generalization.

Conceming the shared design memory, case representation, architecture and
usability must be taken into account explicitly because it is necessary to see whether.
beyond the raw cases, the quality of the additional representations (e.g.. comments,
reviews) is good enough to be conducive to the hypothesized effect of highlighting design
strengths and weaknesses from many perspectives. This amounts to evaluating whether
the community is able to produce such statements and to use them productively.

Based on the above model, the study is organized in two main parts. The first part
is descriptive and uses the data relative to the students who participated in StoryNet from
March 1997 to the end of July 1997 to characterize the student population. their artitﬁdes
towards the shared memory and the contents of StoryNet. In this time span more than
50% of the students who had attended the classes from March to May and who started
actively working on their projects. presented themselves for the exam. Following the
three angles of analysis illustrated in the model. this descriptive part addresses the
relationships between individual characteristics, use of precedents, perceived difficulty of
the design activities, and attitudes towards StoryNet. It also addresses the issues of how
StoryNet serves as a means to highlight and show design weaknesses in context, and as a
means to convey additional design knowledge through statements motivated and
formulated to be useful also to future student readers. This part of the investigation is

reported in Chapter 4.
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The second part of the study addresses the actual quality of the designs produced
by the students. It is a longitudinal study based on comparing the quality of design across
three samples of 16 design cases each, coming from three generations: the 1¥' generation,
made up by the precedents available for review, the 2" generation, i.e., the new design
cases produced in the time span until July 1997, and a 3" generation of designs, produced_
from September to November. This latter generation is introduced as a further test to
evaluate the quality and stability of the effects achieved with the shared memory, once it
becomes more consolidated. This comparison is followed by more detailed analysis
concerning correlations within the quality dimensions of the 2" and 3" generation, and
by an analysis of the design features that become diffused across the generations, also in
relation to the design team profile. Also, three small case studies of “outliers” in the 2™
and 3" generation are discussed, to complete the picture. The methodological issues
involved in performing this analysis, are partly addressed in Chapter 3, for the aspects
concerning the definition of design quality, the development of the instrument to measure
various dimensions of design quality, and their mapping onto the novice biases. Then
Chapter 6 presents the results relative to the second part of the study.

Before turning to the results of the first part of the study, the following section
describes the instrument used to gather the individual information relevant to the angles

of analysis identified in the research model.

3.4 Description of the instrument developed to gather the individual responses

The general philosophy underlying the design of the questionnaire was a) to elicit

responses on an ordinal scale, either five point or seven point. according to the sensitivity

52



required by the various aspects of the research model outlined in Section 3.3, and b) to
supplement some of the most relevant questions with an open-ended section in which the
respondent was asked to elaborate on the reasons for the rating expressed in the response.
A copy of the questionnaire is in appendix B.

The questionnaire is organized as follows. The ﬁrst section gathers demographic
information, including at what stage in the program are the students, their GPA, and their
level of interest in the subject. The students are asked to rate on a five-level scale (none =
1, novice = 2, intermediate = 3, advanced = 4, expert = 5) their experience or competence
in: a) use of computers, b) programming, and c) database design. The specification “prior
to enrolling in the university” for use of the computer and programming was used to
better discriminate those who had long been practitioners, given that all the students
enrolled in the course have already passed a pre-requisite programming course.

The second section of the questionnaire has a set of questions that. broadly.
address the following topics: Design activities (questions coded with the letter D); use of
Design Precedents (questions coded with the letter P); Critiques (questions coded with
the letter C); Links (questions coded with the letter L): StoryNet (questions coded with
the letter S); Team activity (questions coded with the letter T). In the following, a brief
characterization of the questions for each topic is provided.

Questions D1-D10 (see Appendix B) probe into the perceived difficulty and
criticality of different design activities. Questions D11-d13, at the end of the
questionnaire, are open-ended and ask the respondent to comment on the most rewarding
aspects of the design experience, on whether something would be done differently in

approaching a new design task. and on any lesson learned worth sharing with peers.
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Questions P1-P14 probe into the number, source and overall utility of the
precedents examined before and during design. Questions P5-P15 probe into different
cognitive activities that might be involved in examining the precedents and, indirectly, on
the reasons that motivate the students to examine the precedents. The dimensions that are
taken into account are: comprehension, analogy finding, abstraction of design rules, re-
use and its effects on precision and innovation.

Questions C1-C14 deal with the perceived utility of the design critique exercise
and with the utility of sharing the design critique in StoryNet.

Questions L1-L6 address both the technical and the conceptual difficulties that
might be involved in deploying links among the precedents, and in communicating the
underlying design reasoning._

Questions S1-S9 aim at eliciting the individual attitudes towards StoryNet, and
address issues of usability and utility. In particular, the subsection from questions S6, to
S69 addresses the relative perceive utility of examining the different kinds of
representations that are supported in StoryNet.

Questions T1-T9 address the aspects related to the teams activities. One general
question asked in this section is whether any of the team members had experience in the
domain chosen for design. Other dimensions taken into account are whether the team was-
composed of members who had already worked together, and what approach was used in
allocating tasks and responsibility among the team members.

All the questions were formulated to be non leading. The questionnaire was pilot
tested with five subjects, and it required 20 minutes to be completed. The questionnaire

was not anonymous, because some of the responses had to be correlated to the designs



produced by the students, but it was confidential. Its purpose was clearly stated in the
front cover. The questionnaire was administered at each exam convocation, and returned

in a closed envelope at the end of the oral exam.
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Chapter 4

From Individual Perspectives and Differences to Contents in the Shared Memory:

a Cross-analysis

This chapter reports the results of the analysis of the data pertaining to the period
that goes from the initial deployment of the shared memory, March 1997 to the end of
July 1997. At this point the shared memory contained 34 new design cases, relevant to the
course activity of the then current academic year. At that stage, 56% of the students had
undergone the exam (64 students out of 114 enrolled in the course). Data reported in this
chapter originate from the questionnaires collected from the above mentioned 64 students
and from the analysis of the contents of StoryNet in the above time span.

The remainder of this chapter is organized as follows. First, in Section 4.1 there is
a characterization of the stud;ant population. Then the next three sections address: the
individual attitudes towards the shared memory and towards the use of precedents, in a
broader sense (Section 4.2); the perceived difficulty and criticality of various analysis and
design activities (Section 4.3); and the correlations among the set of responses and
individual characteristics (Section 4.4).

Section 4.5 summarizes the results from the preceding sections. Finally, Section
4.6 presents the content analysis of the peer reviews contributed in StoryNet and a

characterization of the information contained in the links deployed among the design

cases.



4.1 Characterizing the student population

The indicators chosen to characterize the student population are: a) the level of
experience in database design prior to the course; b) an index of overall competence in
skills potentially relevant to the course prior to enrolling at the university, referred to as
p.r. (previous reIafed) competence; c) grade point average (GPA): and d) level of interest
in the subject. Previous related (p.r.) competence was computed by summing the levels of
computer experience, programming experience and database design.

The population of students can be characterized as having a strong interest in the
subject, with only 22% declaring a medium interest, 55% a high interest and 23% a very
high interest (Figure 14). Specific prior competence in database design has a majority of
cases with no experience (63%), and is skewed towards the none — novice end of the
scale, with these categories accounting together for approximately 80% of the total
(Figure 15).

The level of experience with computers and with programming languages prior to
enrolling in the university is more equally distributed over the whole range of the scale
from none to expert (Figures 16 and 17), with only 11% of the cases having no prior
experience at all with computers, and 23% of the cases having no prior programming
experience at all.

As is shown in Figure 18, individual GPAs (grade point average) were distributed
equally in the following three ranges: low [21 to 24]/30 (33% of the cases); medium [25
to 27]/30 (38% of the cases); and high [28 to 30]/30 (30% of the cases).

Of the 34 design projects, seven were carried out individually, 24 were carried out

by teams of two members, and the remaining three were carried out by teams of three
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members. Those individuals who preferred to work alone (11%) did not differ with
respect to the mean overall p.r. competence and mean GPA from those individuals who
formed teams.

An analysis of how teams were composed was performed to highlight whether
there was any unbalanced distribution of the team characteristics to take into account in
the subsequent steps of the study concerned with the analysis of the achieved design
quality. The distribution of the previous related (p.r.) competence of the individuals who
worked in team is shown in Figure 19. Figure 20 shows at a detailed level how teams
were formed according to whether members in the team had the same or a different level
of previous related (p.r.) competence. The distribution shown in F igure 20, compared to
the one of Figure 19, indicates a tendency of the students in the novice to intermediate
range towards teaming with students in the intermediate to advanced range, whereas
students with none or minimal experience mostly teamed among themselves. Figure 20
also highlights the wide spectrum of team typologies, ranging from cases in which both
members had no experience at all to cases where members were. respectively, at the
intermediate and advanced level. Fifty-eight percent of the teams were formed by students
who had previously worked together.

An indicator of overall team p.r.competence was obtained by summing the scores
of the members and recoding them into three levels. For the teams of three member the
scores of the most competent two were summed. The resulting distribution is shown in
Figure 21. The same distribution, factored by average team GPA., is shown in Figure 22.

It indicates that the three types of teams had approximately equal proportions of students
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in the low and medium range of GPA; whereas the majority of the students with a high

GPA were in the none to novice category of overall team p.r. competence.
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Figure 14. Individual level of interest in the subject.
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Figure 15. Individual level of database design experience.
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Figure 17. Individual level of programming experience.
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Figure 18. Individual GPA.
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Figure 22. Overall team p.r. competence by average GPA.

4.2 Individual attitudes towards the shared design memory

The data in this section are reported following the three angles of analysis
identified in the description of the research model, first at an aggregate level, in terms of
the overall community of students, and then taking into account the individual
characteristics of the respondents. Concerning the aggregate level, first, data regarding
how the different aspects of the pedagogical rationale of the shared design memory were
experienced are reported. These are followed by an in-depth analysis of the use made of
precedents, as gathered by the answers to the relevant specific and open-ended questions

in the questionnaire. Second, data concerning the conceptual and communicative
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operations involved in sustaining and developing the shared memory are reported. Third,
data concerning representational and usability issues of the part of the shared memory

embodied in StoryNet are reported.
The first section of Table 2 shows the ratings of the utility of examining

precedents, critiquing them and sharing the critiques.

Table 2. Ratings for the utility of examining precedents

Rating Missing
cases
very low low medium high very high

Utility of examining - 17.7% 45.2% 32.3% 4.8% 2
precedents

Utility of the critique 1.7% 15% 45% 28.3% 10% 4
exercise

Utility of sharing the 1.6% 4.8% 38.7% 40.3% 14.5% 2
critique

Data in Table 2 consistently report perceptions skewed towards the medium-high
end of the scale. indicating a substantial agreement on the key tenets of the rationale
underlying the use of StoryNet. There are no particularly revealing differences among
frequencies of the responses in the medium category and the sum of the responses in the
high-very high categories, except for the utility of sharing the critique, which shows a
clear orientation of the responses towards the high-very high categories of the scale,
accounting for 54.8% of the cases, versus the 38.7% in the medium category and the
6.4% in the low-very low end of the scale. This result is particularly interesting because,

regardless of the perceived utility of actually doing the critique exercise, the students
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seem to place a very high value on the possibility of looking at the reviews authored by

their peers.
In explaining the motivations for the rating of the utility of examining precedents

in an open-ended question, the following classes of responses were identified, reported in

Table 3 in order of occurrence.

Table 3. Most frequently cited reasons for using design precedents

Iselof-precedents:

e Guideline to structure the organization of the project

¢ Means to detect and avoid errors by comparison

* Bridge from theory to practice, through the exemplification of techniques

e Opportunity to conceptually integrate the contents presented in the course

e Source of new ideas and improvements

All the respondents in the first category (Guideline) wefe in the none-novice range
of p.r. competence. For the cases who rated low the utility of precedents (17.7%). the
most frequent motivations for holding such a view were: poor quality of the available
precedents, incompleteness. diversity from the theme to be addressed in the new design
case.

Although relevant only to a minority of cases. such responses highlight one risk
inherent to using a shared memory constructed by the students themselves, that is, unless

specific measures are taken, the weaknesses in the novice artifacts might not be for every
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student a helpful startup point or a playground to exercise critiquing skills. Concerning
the seriousness of theme diversity as a hindrance, a mitigating circumstance is the start-up
effect of the shared memory. In fact, to start the memory, the students were given the
precedents for review by the teaching assistant, based on criteria of availability, if
relevance to the new design theme could not be satisfied. Therefore, at the time the
responses were collected, there was not enough variety of cases formed in StoryNet to
provide more relevant examples.

However, it must be considered that the “official” way of apprehending a
precedent was only one of the possibilities used by the students. Concerning the source of
the precedents that were examined, 42% of the students resorted to other design cases
provided either by colleagues who were authors of such projects (96%) and by colleagues
who were not the authors of the design case themselves (30%). The average number of
precedents examined individually is M = 2.36 (SD = 1.39, ranging from 0 to 6) and there
is no correlation either with level of design experience or with level of overall p.r.
competence, or GPA, meaning that although the reasons might differ, everybody was
interested in examining the precedents. These figures are indicative of the social
phenomenon of exchanges naturally occurring among the students, and raise the questions
of whether and in what respect a shared design memory adds to this process.

A more detailed perspective on the perceived effect of examining the precedents,

and of re-using part of them comes from the answers reported in Table 4.
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Table 4. Responses on the perceived effect of examining design precedents

Rating Missing
cases

strongly  disagree somewhat neumal somewhat agree strongly

disagree disagree agree agree
Precedents support - 1.6% 32% 8.1% 37.1% 21.0% 29.0% 2
design rule abstraction
Precedents support 1.6% 6.3% - 143% 27.0% 27.0% 23.0% 1
analogy finding
Relating own design to - 1.6% - 113% 11.3% 33.9% 41.9% 2
others foster innovation
Relating own design to - 57% 15.1% 32.1% 24.5% 132% 9.4% 1
others foster precision
Precedents reuse aids - 32% 1.6% 194% 30.6 210 242% 2
design
Precedents reuse aids 33% 49% 1.6% 11.5% 393 18.0 21.3% 3
comprehension

Responses in Table 4 show that there is most consistent agreement with the
statement that by relating to precedents one is encouraged to be more innovative, where
in this context “innovation™ does not distinguish explicitly among the design problem, the
design solutions, or the design presentations and representations. This may be indicative
of one advantage in having precedents from peers, and not from outside, less
questionable “authorities”, which could indirectly foster a certain degree of uniformity.
Whether this perception concerning innovation actually reverberates in the quality of the
design is a question to be tackled in the analysis of the artifacts, presented in the next
chapter.

There is marginally more agreement on the statement that precedents support the

process of design rule abstraction rather than on the statement that they are vehicles to
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find analogies, whereas opinions are more varied and more cautious on the issue whether
the new designs can benefit in precision by relating to precedents.

Reusing parts of the precedents is generally perceived as an aid to design (75% of
the responses in the somewhat agree-strongly agree categories, and 20% in the neutral
category). More polarized, with almost 80% of the cases in the agree side of the scale,
are the responses on whether the activity of re-using affords particular benefits for a better
comprehension, either of the problem or of the design process. Responses to the open-
ended question of what were the design elements more easily re-usable were analyzed and

coded in the categories shown in table 5, reported in order of decreasing frequency.

Table 5. Design elements indicated as most re-usable

EMoreire-usable elements o
.‘—é%‘:j’;ﬁ~ Lo ﬁfb
VAR Bk

1. Stories and Episodes

(mentioned either in general or as instantiated cases, e.g., “warehouse management”

2. System configuration and dimensioning

Graphics

(V)

4. ERM (Entity Relationship Model)

SJ\

Representations dealing with the dynamic behavior of the system

Concerning the motivations of the rating for the utility of the critique exercise,
investigated in an open-ended question. those who expressed a favorable attitude adduced

the reasons that appear in Table 6 listed in order of decreasing frequency.
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Table 6. Most frequently cited reasons for deeming the critique exercise useful

2. An opportunity to revise the design

3. A tool for self-evaluation

4. A means to deepen theory understanding

Those who offered explanations for rating low the utility of the critique exercise
adduced the same reasons as for the precedents, i.e., low quality of the case and diversity
from the application domain with which they were dealing.

The results to this point concerned how the pedagogy inherent to the deployment
of the shared memory was received. In the next section, a second angle of analysis
examines the conceptual and communicative operations that were implied or requested of
the students to use StoryNet, following its design philosophy.

The first section of Table 7 summarizes the agreement level, in a seven point
scale, on some statements concerning the conceptual and communicative operations the
students were required to perform. The set of questions concerning the links stem from
the hypothesis that deploying links entails examining precedents with the aim of finding
proper elements for re-use, and that once the design has been carried out, one can still
remember what specific aspects of the precedents have exerted influence. This
distinction, which might seem unnatural, is due to the fact that in the start-up phase of the
memory the actual design cases were viewed outside StoryNet, and then contributed

following the story-episode structure described in Chapter 3. It is expected that after the
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transient start-up phase, this splitting will occur to a lesser extent and that the linking

process will support the development and refinement of ontologies in stories and episodes

within StoryNet.

Table 7. Responses on the conceptual and communicative activities related to StorvNet

Rating Missing
cases
strongly  disagree somewhar neutral somewhat agree strongly
disagree disagree agree agree
Links express design 1.6% - 32% 323% 258% 22,6 145% 2
reasoning
It is difficult to foresee 1.9% 37% 74% 40.7% 29.6% 35.6% 11.1% 10

influences of precedents

It is difficult to isolate 11.9% 19% 11.1% 31.5% 259% 14.8% 3.7% 10
influence of precedents

9

Links are useful to peers - 48% 1.6% 194% 37.1% 242% 12.9%

It is difficult to express 15.9% 14.3% 222% 17.5% 9.5% 12.7% 7.9% 1
comments to be useful to
peers

Links are technically 15.1% 226% 132% 189% 13.2% 113% 5.7% 11
difficult to deploy

The results in Table 7 show substantial agreement with the statements that to
deploy links supports the process of articulating the reasoning that went on during design '
and that such links can be useful to peers. This complements the acceptance of StoryNet’s
underlying pedagogical tenets. However, the angle of analysis concerning the conceptual
operations that are needed to sustain StoryNet reveals a difficulty in the retrospective
reasoning that must be performed to articulate what aspects of the current design have

been influenced by the precedents (40.7% neutral and 46.3% in the agree side of the
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scale), and that in the preliminary phase of scanning such precedents it is difficult to
anticipate what specific aspects will prove useful in the development of the new project
(31.5% neutral and 43.6% in the agree side of the scale). Less difficult is the process of
formulating comments in a usable form to peers. |

The above difficulties are interesting because whereas there is agreement on the
utility of the linking mechanism (response n.1 in Table 7) there is also an indication that
it requires an effort that not everybody is apt to sustain, either because of an objective
lack of experience that hinders the process of anticipating what might be important, or
because there has not been sufficient training in the process of examining the precedents
with a comparative attitude. On the other hand, the difficulty of retrospectively tracing
what features have been imported in the new design can also be symptomatic of a process
of personal internalization and restructuring of the contents and representational formats
that have been encountered. This latter explanation is supported by the results reported in
Table 6 above, which suggest that the process of examining precedents is done more with
the spirit of learning, by finding guidelines or rules and being prompted with new ideas,
than with the spirit of re-use. in the conventional software engineering sense.

As for the overall usability of StoryNet, the last response in Table 7 shows that the
process of linking cases in the shared memory is not as smooth as it could be, because
30% of the responses agree that there are some technical difficulties in deploying the
links. On the other hand, the overall ratings of the ease of navigating and contributing to

the StoryNet are quite satisfactory. as shown in Table 8.
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Table 8. Responses on the ease of contributing and navigating in StoryNet

Rating Missing
cases
very low low medium high very high
Ease of navigation in 4.8% 11.1% 52.4% 27.0% 4.8% 1
StoryNet
Ease of contributing to 4.8% 9.55% 49.2% 30.3% 6.3% 1
StoryNet

Also related to the issue of broad usability and the adequacy of the chosen
representational formats for StoryNet, are the opinions about examining in StoryNet
different kinds of design representations and the various contributions coming from the
participating social actors. Table 9 summarizes the responses on the utility of examining
each component of StoryNet, with ratings varying on a three points scale: no utility, little
utility, and much utility.

Whereas Table 9 indicates that the supported representations are rated mostly as
very useful (“Much utility™), it also shows that the rating of the links is markedly different
from the other items, indicating a much more cautious attitude (56.7%) towards the utility
of examining the links in StoryNet. This result apparently clashes with the responses in
Table 7, in which links are rated as a useful vehicle to express design reasoning. A
plausible interpretation at this start-up stage is that. for the first generation of students
who deployed the first links, the number of links to actually examine in the system was
too low to generate the perception that the mechanism is worthwhile representing and
has utility as an additional indexing and navigational mechanism, although it might be

effective at the personal level as a device for learning and reflection.



Table 9. Relative perceived utility of the StoryNet representations

Rating
No Little Much Missing
utility utility utility cases
Stories - 27.9% 72.1% 3
Episodes ) - 32.8% 67.2% 3
Data Flow Diagrams 9.7% 12.9% 77.4% 2
Entity Relation Model 5% 16.7% 78.3% 4
Peers Comments 6.8% 32.2% 61.0% 4
Instructor Comments 3.3% 18.0% 78.7% 3
Links 6.7% 56.7% 36.7% 4
Critiques 6.7% 21.7% 71.7% 4

Responses to an open-ended section indicated the following other kinds of
information were needed in StoryNet: 1) the dimensioning of the system (most frequent
response), 2) entire analysis. 3) the software prototype, 4) other design diagrams, 5) best
solutions, 6) the instructor evaluation. Only 36% ventured a response.

The agreement level on statements aiming at capturing the possible roles that
StoryNet, as a social and technical system. might perform are summarized in Table 10.

The responses in Table 10 indicate definite agreement that StoryNet is a tool that
fosters reﬂectic;n. Also there is a marked disagreement with the idea thét cases in
StoryNet should be anonymoﬁs. Instead. there is agreement on the idea that the StoryNet
could benefit if authors respond to the peer reviews (65% of the cases on the agree side,
and 16% neutral). Although StoryNet supports this mechanism, this is unlikely to happen

because of the marked asynchronicity with which the groups carry out and complete the



design. Indeed, most of the contributions turn up just when the project has been
completed, shortly before making the exam. So any after-course volunteering of
information is completely discretional. However, it must be noted that in a few cases,
some students who had passed the course in June, showed up in the office few months
later asking whether they needed some special password to access StoryNet again,
because they were curious about the “fate™ of their project, if it had generated any

comments or critiques.

Table 10. Responses on StorvNet as a social system and as an instrumental tool

Rating Missing
cases
strongly  disagree somewhat neutral somewhat agree strongly
disagree disagree agree agree
Cases in StoryNet 39.7% 11.0% 32% 302% 32% 1.6% 3.2% 1

should be anonymous

StoryNet is more useful 56% 3.7% 93% 16.7% 222% 13.0% 29.6% 10
if authors respond to
critiques

StoryNet is useful as an - 3.2% 1.6% 254% 17.5% 31.7% 20.6% |
index to cases

StoryNet can be useful 19.0% 12.7% 11.1% 6.3% 20.6% 19.0% 11.1% 1
without visioning the
whole design case
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StoryNet is useful as a - 1.6%
reflection aid anyway

A marked diversity of opinion characterizes the issue whether StoryNet can be
useful if the whole design case cannot be accessed, which bears directly on the issue of
adequacy of the case representational format. [n fact, 42% of the subjects expressed

doubts on the utility of StoryNet without apprehending the complete and fully functioning

74



design specification that is presented in Power Point. More considerations on this issue
are provided in the section on the relationships between individual characteristics and
attitudes towards the shared design memory. In any case, StoryNet was considered useful
as an index to potentially useful design cases (70% agreements and 25% neutral).

Before analyzing the relationships between the individual characteristics and the
attitudes discussed so far, section 4.3 presents the results of the responses addressing the
perceived difficulty of each of the activities involved in producing the design

specifications.

4.3 Perceived difficulty and criticality of design activities

In the following, results are reported for individual responses to a set of questions
that ask the respondent to express, on a five point scale, the difficulty of a set of tasks
related to design. The trends have been also analyzed in relation to specific design
experience and GPA.

Table 11 shows that, in general, developing the prototype is considered more
difficult than performing the analysis and design (42% rating high against 25% rating
high).

Finding a non ambiguous vocabulary to model the system seems the less
problematic activity, followed by defining the scope of the project. It must be noted the
overall shift towards the “high™ difficulty rating in the case of verifying the completeness
of the design, and even a more marked shift toward the higher end of the scale in the case

of estimating how a change in one part of the design will affect other parts of the system.



None of the above responses was correlated with GPA or p.r. competence, except
for estimating how a change in one part of the system propagates. The statistics were
computed using the nonparametric Kendall tau_b correlation coefficient (Hildebrand,
Laing & Rosenthal, 1977). Estimating the effects of local changes in the overall system
was positively correlated with GPA, that is, students with a better average grade tend not

to underestimate the inherent difficulty of such activity ( Kendall tau_b = .206, p<.05).

Table 11. Perceived difficulty and criticality of design activities

Rating Missing
cases
very low low medium high very high
Difficulty of overall - 1.6% 71.9% 25% 1.6% -
analysis
Difficulty of database - 1.6% 54.7% 42.2% 1.6% -

prototype development

Difficulty of Project - 21.9% 54.7% 21.9% 1.6% -
scope definition

Difficulty of stories and - 10.9% 65.6% 21.9% 1.6% -
episodes decomposition ’

Difficulty of finding non - 20.3% 64.1% 12.5% 3.1% -
ambiguous vocabulary

Difficulty of verifying - 6.3% 31.3% 53.1% 9.4% -
design completeness

Difficulty of estimating - 3.1% 34.4% 46.9% 15.6% -
effects of local changes

The responses to the open-ended question. what was the most critical activity in
the analysis for the success of the project, are reported in Figure 23. These were provided

by 35% of the respondents. Among the most frequent responses were the definition and
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structuring of stories and episodes, the specification of the DFD and the ERM and

checking the completeness, correcteness and consistency of the specifications.

6%

Sum

Figure 23. Open-ended responses about the most critical activity for design success

4.4 Relationships among individual characteristics and attitudes towards the shared

memory

An exploratory, correlational analysis was performed to investigate the
relationships among individual characteristics and attitudes and groups of responses, to
highlight, if any, sets of co-occurring attitudes which are interesting either from a
theoretical point of view or to understand the factors that are operating beneath the

surface of the microcosm realized by the shared memory and the involved social actors.
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The statistics are computed, using the nonparametric Kendall tau_b correlation
coefficient (Hildebrand, Laing & Rosenthal, 1977), on a sample of 64 cases, using the
pairwise selection option for treating cases with missing data. The correlation matrix is
reported in Table 12. Because of the large number of vvariables, the interpretation in the
following discussion is mostly based on the significant correlations whose tau_b is larger
than 0.30.

Level of individual p.r. competence is negatively correlated with the opinions that
critiques are useful as a means to self-evaluation (tau_b = -.338, p<.05) and that links are
useful means to express design reasoning (tau_b = -.325, p<.05). Thus experience seems
to be a factor that discounts the utility of doing the critique exercise, almost as if there
was not much to gain or to learn. This result is also particularly informative in
conjunction with the result on the motivations for giving low ratings, i.e., low quality of
the reviewed project, presumably in relation to the quality already achievable by the more
experienced students.

The more the design expertise the less precedents are perceived as a means to
fostering precision (tau_b = -.299, p<.05). Agreements on the statements that precedents
support rule abstraction, suggest new aspects for analysis, foster innovation and foster
precision are all correlated. In particular, innovation is correlated to precision (tau_b =
.601, p<.05) and rule abstraction is correlated to suggestion of new aspects to take into
account. Agreement on the statement that precedents re-use aids design is positively
correlated with perceiving precedents as being suggestive of new aspects (tau_b = .388,

p<.05) and as fostering innovation ( tau_b = .330, p<.05).
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The more precedents are perceived to foster innovation the less the ratings on the
difficulty to trace back those aspect in the new design that have been influenced by the
precedents (tau_b = -.327, p<.05).

The opinion that the StoryNet is useful also without examining the fully
functioning case is correlated with the opinion that precedents provide rules that constrain
the new design ( tau_b =.347, p<.05). Because this response helps us understand the
issues of the adequacy of case representation in StoryNet, it is worth considering also the
significant correlations with a value of tau_b slightly less than 0.30. Those who project a
more favorable attitude towards StoryNet even without examining the full functioning
case are more inclined to value precedents to abstract general design rules (tau_b = .230,
p<.05), to encounter less technical difficulty in deploying the links (tau_b = -.249, p<.05),
and have less difficulty in foreseeing the application of what they examine to their own
problem (tau_b = -.296, p<.05).

The results above suggests that the core representational solution adopted for
StoryNet, i.e., the story-episode architecture, augmented by the DFD and ERM diagrams
and the links, which emphasizes structure over the animation of the dynamics afforded by
the fully functioning design precedent, favors, or rather is more easily apprehendable by
those who are inclined to abstract rules from precedents, or by those who find it
technically easy to use the system and encounter less initial difficulties.

Agreement on the statement that StoryNet is useful as a reflection aid anyway is
positively correlated with three different kinds of perceptions : 1) that links express

design reasoning (tau_b = .353, p<.03); 2) that examining precedents fosters innovation
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(tau_b = -.337, p<.05); and 3) that it is useful to share the design critiques (tau_b = .311,
p<.05).

Ratings for finding most useful in StoryNet the graphical or diagrammatic
representations, i.e., Data Flow Diagrams and Entity Relationships Models, are correlated
(tau_b = .882, p<.05), however preference for each of these representations tends to be
associated with a different response. In fact, higher ratings for the DFD are associated
with the perception of precedents as fostering precision (tau_b =.268, p<.05), whereas
higher ratings for the ERM are associated with higher ratings of the utility of examining
links (tau_b =.288, p<.05) and that links are useful to express design reasoning (tau_b
=.316, p<.05). These latter indications can be interpreted by taking into account the
different nature of these representations. Because the linking mechanism favors the
evolutionary creation of increasingly refined task ontologies related to the use-cases of
the information system (Faro & Giordano, 1997b) and the ERM has a strong semantic;
and static connotation that condenses the underlying design reasoning, it might be easier
to trace the evolution and changes in an ERM diagram rather than in a DFD. Thus those
who are more comfortable in dealing with this kind of representation are probably more
likely to have less difficulty in projecting the network of links across design cases.

It must be recalled that this set of responses are the counterpart to those more
focused on the process of carrying out the design activities and producing the relevant
representations. This counterpart focuses just on examing the final outcome. as an excerpt
of a worked out example. This consideration makes more understandable the association
between the utility of examining links and deeming them useful to express design

reasoning (tau_b = .426, p<.03).



4.5 Summary

The above discussed responses and set of correlations, taken together, offer a
more in-depth view of the social and cognitive factors that operate in the background of
StoryNet.

The first striking result is the diversity of the motivations and ways of approaching
the use of precedents, and the additional representations gravitating around them. All of
these concur with the overall acceptance of the system from the students. The precedents
are not used only for analogical reasoning aimed at the re-use of stories and episodes
specifications. To this extent it must be noted that in setting up the conditions for
StoryNet, on purpose, no specific or constraining directives on how to use the precedents
were given, other than those that are implied by the requirement of representing in
StoryNet the influence links, whatever they would be, and the critique. It was clearly
stated that the major emphasis of the course was on the final design outcome. and that the
critique exercise was meant as instrumental to increasing the quality of such outcomes.
The limits placed on the re-using of elements, if re-use was deemed appropriate by the
design team, as discussed in section 3.2, concerned more the requirements of making
apparent the original (i.e., personal) elements of the contribution. Thus it is unlikely that
such a “limit” on re-use has biased the students’ perceptions of how precedents had to be
approached or how they were useful. also because the number and kind of links that were
deployed (see next section) indicated a percentage of re-use and adaptation of precedents
elements far less than the threshold of 50% recommended by the instructors. Although
the links might suggest that re-use happens only to a limited extent, the responses coming

from the questionnaire provide a more complete account of the type of re-use that takes
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place. In fact, precedents are used also to a great extent as exemplificatory devices from
which rules about structure and organization of the design, especially concerning thg
stories and episodes decomposition, are derived, and as a baseline against which the
quality standards achievable or to be achieved in the new design are set. In this respect the
critique exercise plays a supporting role, being perceived as a useful means to learn to
recognize and avoid errors, with the exception of those who have more design
experience, who tend to discount its utility, especially in conjunction with the fact that a
precedent might be low quality or addressing a theme which is not relevant to their
design.

Another interesting source of variety is the different appeal that various types of
representation have at the individual level. These are reflected at least in two broad areas
of interests. One revolves around narrative and social modalities of discourse, with
interest in apprehending the stories and episodes as a first attack on the design problem,
and in the comments and critiques generated around them, mainly to integrate domain
knowledge. The other is more focused on apprehending the classic. more graphic
representations of design. DFDs and ERMs, in a mode of discourse that is perceived to
better accommodate issues of precision and of explicit expression of design reasoning
through the links.

This picture is still to be completed by the analysis of the actual contents of the

StoryNet and of the actual quality of the produced artifacts.
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4.6 Content analysis of the critique exercise

The reviews produced by the teams were analyzed by classifying each critique

statement as belonging to one of the following problem areas :

a) Dynamics: concerns the dynamical and simulation aspects of the domain analyzed,
and the correct use of the appropriate modeling techniques;

b) Breakdowns: concerns the anticipation of possible breakdowns in the normal
functioning of the system and devising exception handling procedures;

¢) Problem scoping: concerns the definition of the problem boundaries;

d) Structuring: concerns issues of decomposition and organization, and includes the
appropriate use of generalized structures;

€) Language: concerns the specificity or ambiguity of the language used;

f) Domain accuracy: concerns the accuracy of the description of the domain, including
the omission of major defining features;

g) Design discourse: concerns all the aspects of data modeling and methodology
application; |

h) Communication: concerns all the aspects involved in the effective communication of
the analysis and design representation, from the graphical layout to the explanatory

comments to the design representations.

A total of 32 reviews were analyzed and classified by the researcher, yielding the
distribution of statements concerning weaknesses detected by the reviewers shown in
Figure 24. To interpret the distribution it must be taken into account that each review

might contain more than one statement for each type of weakness.



70

Sum

Figure 24. Distribution of the type of weaknesses highlighted in the
reviews of precedents.

For the purposes of the present analysis, it can be remarked that the distribution
shown in the graph must not be interpreted as representing the average quality of the
reviewed precedents. Rather it is a representation of what was perceived by the students
at their current level of maturation, given the “observation lens” of the critique guidelines,
the particular precedent examined, and their expressive ability. In fact, the most frequent
comments in a problem area could be accounted for partly by a better sensibility of the
reviewers towards the underlying issues. Thus the distribution is better interpreted as
meaning that the overall system, socially, was able to find instances of issues to be aware
of occurring in the whole spectrum of problem areas, certainly with a varying degree of
penetrating insight, but demonstrating that there was no “organizational blindness” to

any if them.
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Each review was also coded as to whether it was effective in highlighting the
strengths and weaknesses of the precedent, by meeting the criteria of clarity of expression
and localization, i.e., justification by direct reference to an easily identifiable part of the
precedent itself, or by communicating domain or design knowledge. A statement was
considered as conveying domain knowledge when the authors justified their evaluation by
making explicit reference to the application domain, and as conveying design knowledge
when the authors justified their evaluation by proposing solutions, or by introducing a
new aspect that was not suggested in the review guidelines.

Approximately half of the contributors (i.e., 15 teams and/or individuals) were
able to communicate effectively the strengths and weaknesses of the reviewed cases, and
approximately 40% did so by referring to the domain application.

A similar pattern occurs for the links among the design cases. Of the overall
contributing teams or individuals, 85% placed links to the precedents. The average
number of links placed was 2, ranging from 1 to a maximum of 4. The majority of the
links were of the type “Adapt” (24%), “Use partially” (18%), and “Other” (18%).
However, the links that cogently expressed design reasoning other than the synthetic type
were only 32% of the total.

The figures of 40% of the reviews and approximately 30% of the links conveying
knowledge are important to estimate the potential of the shared memory for highlighting
weaknesses and strengths in context; and potential impact. when the number of cases
increase, of the contents of the shared memory, and the added information gain with

respect to the knowledge implicitly conveyed by the case representation itself.
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Whether the highlighted weaknesses tend to disappear, as a form of organizational
learning, and, conversely, whether the highlighted strengths tend to be absorbed and re-
purposed, is one question that can be pursued according to two strategies. One strategy is
to check whether, for any specific team, the sort of issues that they were able to perceive
are absent or re-pufposed in their own design. This would require a point-by-point cross-
analysis of the reviews and the design artifact that is outside the scope of this study. Also,
this sort of micro analysis would not necessarily be insightful for the purpose of
understanding the global effects of the shared design memory. The second strategy is to
conduct an aggregated analysis addressing whether, among the classes of weaknesses
highlighted in the reviews, there is any that tend to be less frequent in the new generation,
compared to the former one, using as a reference point an independentent evaluation of
both the reviewed precedents and the newly produced cases, and then comparing the
result with the distribution of the critique contents, to highlight matchings and
discrepancies. This qualitative comparison can help to better characterize the effects of
the shared critique as mechanism supportive of organizational learning, beyond the
impact on reflection and self-evaluation that was highlighted by the students in their
responses to the questionnaire. This is the strategy that is followed, and thus an answer to
this question is indirectly derived as a byproduct of the analysis of the design changes
across generations, to follow in Chapter 6.

The next chapter is devoted to the theoretical and methodological issues involved
in defining design quality and describes the instrument used to measure it and compare

the various generations of designs.
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Chapter 5
Evaluating design quality

One fundamental difference between the empirical studies of analysis and design
typically found in the literature and the present study is that the analysis and design task is
not one assigned by the experimenter and carried out under controlled conditions. On the
contrary, the spirit of the study is to focus on the design artifacts as produced in a social
setting, and to look at them in their entirety. rather than as dissected in small components
which are the products of a very specific activity, such as modeling the requirements with
a specific formalism (Batra & Davies, 1992) or requirements validation (Kim & March,
1995) or definition of the software architecture of modules in the system (Rehder,
Pennington & Lee, 1997). This has an impact on the framework to adopt to compare the
quality of the designs. In fact. in the studies just cited, the main approach used to deal
with quality is to compare the design generated by the subjects with the solution
generated by one or more experts, and to score either with respect to completeness or with
respect to specific kinds of errors that might occur in the given experimental task. On the
other hand, for the purposes of the present study it is necessary to find a reference
framework to deal with projects that tackle vastly different application domains, and this
takes into account the circumstance that, because of the richness and variety of the
representations used, certain weaknesses are less serious than they might appear if they
were considered out of context. Thus the first section of this chapter critically examines
the notions of quality in the conceptual models and in the data models and explains the .
foundations for the scoring template developed to evaluate the designs. The second

section illustrates the design scoring template, which is based on a set of elementary
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design features mapped onto a set of quality dimensions, and the third section details the

criteria for judging the design features which need a score other than present or absent.

3.1 Qualitv in conceptual models and in data models

Although there are some “intrinsic” qualities of _the conceptual model as a
representation, such as its syntactic correctness or its readability, these can be considered
of secondary importance compared with the issue that the semantics of the models are
correct and complete with respect to the domain and the activities that the information
system is supposed to support. In a recent framework for quality in conceptual models
(Lindland, Sindre & Solveberg, 1994) it is proposed that syntactic quality, semantic
quality, and pragmatic quality (i.e., that the model is understood by the interested parties)
must be addressed in terms of a feasibility goal, because total validity and completeness,
defined, respectively. as the property that all statements made by the model are correct
and relevant to the problem, and as the property that the model contains all the statements
about the domain that are correct and relevant. cannot be achieved except for very simple
problems. Thus the goals of semantic quality are feasible validity and feasible
completeness of the model, and the goals of pragmatic quality are feasible comprehension
of the model. Quality properties of the model often referred to in the literature, such as
correct, minimal, annotated and traceable. consistent, and unambiguous are mostly
subsumed by validity and completeness.

The insight in the notion of feasibility is the consideration that total validity and
completeness cannot be achieved except for very simple problems and that, once the

model starts being built. it becomes part of the domain. and the extent to which validity
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and completeness can be relaxed depends on the “audience” of the model, for example on
the competence of the analysts, end-users, domain experts, and other stakeholders. Thus
feasibility provides a stopping rule to terminate the modeling activity, i.e., it defines when
the model has reached a state where further modeling is less beneficial than applying the
model in its current state. In this framework, a model is feasibly valid if the additional
benefits of removing any invalid statement from the model do not exceed the drawbacks
of including it, and it is feasibly complete if the additional benefits of including the set of
correct and relevant statements not yet in the model do not exceed the drawbacks of
leaving them out. The same kind of reasoning applies to pragmatic quality, which focuses
on the goal that the model is understood by the interested parties, rather than on the
abstract property of “comprehendability”. Means to achieve this goal are on the one hand,
ensuring that the model has the properties of executability, expressive economy and
structuredness, and on the other hand, engaging in the modeling activities such as
inspection. visualization, animation, explanation and simulation.

An approach specifically focused oﬁ the quality of the data generated by an
information system is proposed by Wand and Wang (1996). While pointing out that there
does not exist a rigorously defined or established set of data quality dimensions, even for
relatively intuitive concepts such as accuracy, and that in any case data or information
quality depends on the actual use of data, they call for a design-oriented definition of data
quality that reflects the intended use of the information. Because quality of information is
related to how data are used, quality of the data generated by the information system
should not be couched in terms of “data centric™ concepts such as entities, attributes and

values, but in relation to intrinsic dimensions, assuming that the true intentions of the
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users have been captured in the conceptual model. Such intrinsic dimensions are: 1)
Complete (there is no loss of information about the application domain), 2)
Unambiguous (data generated by the information system cannot be interpreted in more
than one way), 3) Meaningful (data can always be inte?preted in a meaningful way), and
4) Correct (data derived from the information system conform to those used to create
these data).

This view complements the notion of feasible quality in the conceptual model by
emphasizing the mapping process from the requirements to data, in such a way as to
orient the data model towards the consequences in the prototyped information system.
with the warning about the different meaning that terms such as correctness and
consistency assume in the two described frameworks. In the latter one, they are used in a
narrower context, referring specifically to the generated data, and correctness is linked to
a problem of implementation and operation of the information system, rather than design
(internal view of the information system). Whereas the sharp distinction between the
external and internal view can be criticized. both on epistemological grounds and also in
the light of the pragmatic view presented in the conceptual modeling framework. it is
clear that there is something to gain by injecting in the conceptual modeling framework
more concreteness regarding the specific aspect of data modeling, as an explicit link to
the design aspects.

However, an important but overlooked dimension is how, in the traditional
approach to quality, the conceptual and data model that are being crafted handle issues of
interactivity of the overall system., also considering that within a scenario-based approach

to design, such as STT, the interaction between the users and the system is not a separate



aspect of the design of the data. A way to address this aspect of quality is to place
emphasis also on the modeling of the dynamic interactions in the system, resorting to
different representations to carry through the design the user and his or her interactions
with the data. This kind of modeling effort is beneficial as an exercise to learn about
interactions and user-centered design. It is also beneficial for the comnsistency of the data.

The above considerations imply that feasible completeness and feasible validity of
the conceptual model have to be evaluated also in the light of the produced software
prototype. As it has been observed during the exams, some of the conceptual models that
could have been indicted on grounds of incompleteness or underspecification of the data
model with respect to the sketched stories and episodes, bridge those gaps competently in
the software prototype. However, this tendency, which is quite understandable given that
in the context of this study analysts and implementors coincide, is counterbalanced by the
awareness that the model has to be understood by the instructors and critiqued, very often
by playing the role of the end-users, during the oral discussion of the exam.

A consequence is that, for the purpose of the study, completeness of the model is
not the most powerful indicator of the quality that we are seeking in the models. Neither
is syntactic quality, and, in any event, studies of novice biases do not point to this aspect
as a particularly problematic one. Rather, one must bear in mind that, for the subjects of
this study, definition of what the requirements are is an essential part of the exercise, not
simply the mapping process from the requirements to data. Many emergent qualities of
the design can be traced to the insightfulness with which the salient aspects of the domain

are captured. It is evident, then. how completeness is first relative to the slice of the



universe that has been identified as of interest, and that a huge part of the effort is

invested in understanding how to perceive that domain in relation to the design goals.

5.2 A feature-based approach to characterize design qualitv

The framework adopted for evaluating the design quality is centered on the

following points:

Semantic quality of the overall conceptual model, especially focused on feasible
validity;

Emphasis on completeness meant as multidimensionality of analysis relative to the
stories/episodes identified by the students, which set the internal standard for
evaluating the design;

Feasible completeness and validity of data modeling, relaxed with respect to the fact
that small errors cease to assume relevance if they are corrected or disambiguated .in
further representations. and often complemented by the implemented prototype;
Integration of a dimension that explicitly takes into account interactivity;

Communication, to address feasible pragmatic quality of the design.

Accordingly, the design scoring template has been developed following a design

features approach, i.e., grading 0 or 1 either the absence or presence of a certain design

feature, mostly concerning representational and/or stylistic solutions. and a graded quality

evaluation for some of the dimensions of domain modeling specificity and data modeling

(0.5 if a minor weakness is present, 0 if a major weakness is present and 1 for feasible

validity).
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The feature-based approach is particularly appropriate in our case because,
whereas in other studies the designs are comparable because they deal with the same
problem, in this context it is necessary to find a common reference point across designs
that tackle different problems. Also, a feature-based analysis is a more effective way to
detect, from an organizational learning point of view, what tends to become consolidated.v
what is emerging or tends to disappear generation after generation.

The set of features and their values have been mapped to contribute to the
definition of the values of the following quality indicators:

e Domain modeling specificity
e Structuring (decomposition)
o Structuring (composition).
e Data modeling
e Dynamics of interactions
e Breakdown
e Communication
o Textual communication

o Visual/hypertextual communication

The list of features that form the indicators and the range of variation of the scores
is reported in Table 13.

The novice difficulties and biases mentioned in Chapter 2 are mapped onto the
above dimensions as follows. “Domain modeling specificity” is an indicator of the

specificity of the language, derived from the ratios of domain specific entities to total
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entities, domain specific functions to total functions, and domain specific interactions to
total interactions. “Breakdown™ addresses depth of analysis and indirectly indicates the
ability to generate testing scenarios against which to evaluate the quality of the data
model. “Structuring (decomposition) " aggregates the design features that indicate an
effort towards organizing the decomposition of the statiq and dynamic data models
following the story/episode model, or the top-down approach, or both; or an effort to
organize the entities by using, for example, “consist of” structures. “Structuring
(composition)” aggregates the design features that indicate an effort towards maintaining,
in a global representation explicit information about the elements that are aggregated and
composed, either by color-coding or with links, or by simulating through animation the
incremental creation of the global representation.

Table 13 indicates the range of variation of the scores for each dimension. It must
be noted that for the ranges highlighted with the asterisk. namely, Structuring
(decomposition), Structuring (composition), and Communication (visual-hypertextual),
the maximun value is a theoretical one, i.e., in practice. the number of features that co-
occur in the best cases are from one to two points lower than the theoretical maximum.

In the template those features corresponding to design representations required by
the methodology and those that are so diffused that they are present in any project are not
included (for example, the entity-life history. or optimization of the dimensioning of the
system). Also. features that only add to the visual readability of the project, such as labels
in the arcs, are not considered, because no specific communication content is associated

with them.
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Table 13. Features contributing to design quality indicators and range of variation of the

scores.

Domain modeling specificity

Structuring (decomposition)

Structuring (composition)

range : 0-4 range: 0-8 * range : 0-6 *
¢ Ratio of domain specific entities e Use of “consist of” structures e Use of colored arcs in the DFD to
to total entities e ELH associated to the episodes identify stories/episodes

» Ratio of domain specific functions
to total functions

¢ Ratio of domain specific
interactions to total interactions

¢ Use of organization charts

e PO associated to the episodes

¢ DFD structured by episodes

e ERM structured by episodes

* Prevalence of representations of
actors vs. functions

e Use of story/entity matrix

e Top-down decomposition of
episodes

e Use of colored functions in the
DFD to identify stories/episodes
e Link from ELH to episodes

e Link from ERM 1o episodes

* Diagrams obtained as incremental
block composition

e Top-down DFD within episodes

Data modeling

Dynamics of interactions

Breakdown

range : 0-11

range : 0-6

range : 0-2

¢ Analysis by aspects

e Use of “consist of " structures

¢ Datastores correctness

¢ From entities to relational tables
transformation

¢ Relational tables partitioned by
stories

¢ ERM correctness

¢ Relationships correctness

e Use of "is a” structures

¢ Ternary relationships

e Normalization

¢ Normalization correctness

¢ Animated ELH

¢ Episodes tree

* Animated episode tree

¢ DFD animated in synchronization
with the episode

. o Animated Petri networks

¢ Petri Networks with animated
captions

e Insightful What Can Go Wrong
e What Can Go Wrong represented
in the episode tree

Communication (textual)

Communication
(visual-hypertextual)

Index of design Complexity

range : 0-5

range : 0-12 *

e Commented matrixes

¢ [ntroduction to the methodological
approach

¢ [ntroduction to the domain

¢ Description of high level scenarios
and use cases

¢ Commented organization charts

e [conic diagram boxes

e [conic arcs

e Use of colored arcs in the DFD to
identify stories/episodes

e Use of colored functions in the
DFD to identify stories/episodes

e Loose animation: PN presented in
blocks

* animated entities in ERM

e “Live” entities

e “Live” relationships

e “Live™ arcs

¢ Animated normalization

» Petri Nets with animated captions

e Animated Petri nets

¢ DFD animated in synchronization
with the episode

¢ Computed as the sum of the
following:

e N. of stories

e N. of episodes

* N. of functions

e N. of entities

¢ N. of interactions in the DFD

* N. of entities and relationships in
the global ERM

e Max (states and arcs in the ELH)

e Max (transitions. places in the
Petri Nets)

e Max (arcs and states in the
automata)

Note: ELH = Entity Life History; PO = Process QOutline; DFD = Data flow Diagram; ERM = Entity

Relationship Model

97




An index of complexity of the project is also computed by simply counting and
adding the following items: number of stories, episodes, functions, entities, and
interactions in the DFD, the maximum of the sum of states and arcs in each ELH, the
maximum of the sum of transitions and places in each Petri Network, the maximum of
the sum of arcs and states in each automaton, and the sum of entities and relationships in
the global ERM. With this method, both the static and dynamic dimensions weigh in a

balanced way.

3.3 Judgment criteria for the graded features

In the following the judgment criteria for major and minor weaknesses used for
scoring the graded features are elaborated. For example, ERM = 0 means that the entity
relationship diagram is either absent or has some major weaknesses, ERM = 0.5 means
that the entity relationship model is present and has some minor weaknesses whereas
ERM = | means that it is feasibly valid.

ERM correctness

Major weaknesses: Confounding entities with processes and omitting entities that

are suggested as crucial in the stories/episodes.

Minor weaknesses: Syntactic errors or sparingly present ambiguities: confounding

entities with processes (but corrected in the normalization).

Relationships correctness
Major weaknesses: Omitting a relationship that is suggested as crucial in the

stories/episodes; relationship is represented by a process.
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Minor weaknesses: Syntactic errors; omitting the cardinality of the relationship;

relationship is represented by a process but is eliminated in the normalization.

Datastore correctness

Major weakness: Absence of the data stores-entities cross-reference (implies
carelessness or too a simplistic model).
Minor weakness: All the entities correspond to datastores, absence of any

aggregative form.

Normalization correctness

Major weakness: Normalization procedure applied incorrectly
Minor weakness: Absence of motivation as to why normalization has not been

carried out completely.

Insightful Whar Can Go Wrong

Major weakness: The majority of the WCGW identified are trivial, i.e., would
generally hold for domains or problems other the one being analyzed, for example
“the store is closed™ or the terminal is broken. The identified handling procedures
basically suspend activity until the problem is solved.

Minor Weaknesses: The above situation holds only for one or few cases, the
wegw adds to the domain knowledge, but the proposed handling procedure is

questionable.

Overall Domain modeling specificity

In this case accuracy is related to the specificity of the language. There is no direct
grading scheme, rather the indicator is derived from the ratios of domain specific

entities to total entities. domain specific functions to total functions, and domain
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specific interactions to total interactions. Each of these ratios is scored 0 if it is
less than 30%, 0.5 if the ratio is between 30% and 70% and 1 if the ratio is higher
than 70%.

Plus, one point is added for the presence of an organizational chart-like feature
that conveys knowledge to interpret the other representations. Thus the overall

range for Domain modeling specificity is 0-4.

After having laid down the schema and the criteria for evaluating the aspects
involved in design quality, the context is set for Chapter 6, which illustrates the

methodology and the results of the analysis of the design changes across generations.
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Chapter 6
Design Changes Across Generations

This chapter starts by describing, in Section 6.1, the method used to conduct the
generational analysis of the designs, and then proceeds to illustrate and discuss
incrementally the results. Section 6.2 qualitatively discusses the variations in each of the
design quality dimension across the three generations, for a first high-level
characterization of the changes. A detailed analysis of the 2™ and 3™ generations follows,
based on the correlations within each generation of the various dimensions of design
quality. This is the object of Section 6.3 and Section 6.4. Then Section 6.4 illustrates the
phenomenon of transferring representational modes across generations, which is part of
the organizational learning that is taking place. Finally, Section 6.5 presents three small

~rd

case studies of outliers in the 2" and 3 generations, which exemplify both the leverage

and the risks that are counterparts to the shared memory.

6.1 Method

To evaluate the trend of design quality a random sample of 16 projects was drawn
from the pool of 34 cases belonging to the new generation (from now on, referred to as
the 2™ generation) and a matching set was created by selecting the corresponding
reviewed projects from the old generation (from now on, referred to as 1 generation).
Because one of the reviewed precedents was missing and two cases of the sampled 2™
generation had reviewed the same precedent, the matching set was completed by adding

two other cases drawn from the pool of precedents available to the students.
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An additional 16 cases were sampled from the pool of the 3" generation cases,
i.e., the projects of the teams who presented themselves for the exam in the time span
from September to November 1997, with the aim to compare their quality to that attained
by the 1% and the 2™ generation and further characterize the dynamics of the
organizational learning process.

The projects were scored blindly by an independent rater, an expert in the field,
following the template elaborated in the previous chapter. No formal inter-rater reliability
coefficient was generated. However, the scoring method is quite “objective”. Of the 55
features considered in the scoring template, 49 are categorical (feature present or not).
Only six features are graded. The researcher checked a number of cases (20%) to confirm
agreement regarding scoring and found no variation. During the scoring activity, the
expert consulted with the researcher whenever a dubious case arose (typically regarding
the six graded features) and scoring was based on consensus. This process was blind for
the researcher also.

Data from the three generations werve screened separately for outliers and plotted
for a qualitative analysis of variations in their distributions. Outliers were analyzed as
small case studies by resorting to all the information available, in the attempt to explain
the reasons underlying their singular strengths or weaknesses, and also to evaluate
whether they had to be excluded from the sample for the subsequent analysis. The
characteristics of outliers in the higher end of the scale in the first generation suggested
specific aspects to trace in the next generations to register any tendency of the outlying

values to be assimilated to the norm.



A correlational analysis using the Spearman p rank correlation coefficient was
performed to investigate the relationships among the various dimensions of the design
quality for second and third generation, taking into account the characteristics of the
teams, i.e., team average GPA, team overall previous related (p.r.) competence. and
whether any of the team members had personal experience in the domain chosen for the
project. Because of the relatively small sample size (16 cases) with respect to the number
of dimensions to examine, for the correlation matrix in each generation Bartlett’s
sphericity test was performed to test the hypothesis that the correlations in the correlation
matrix are zero. The sphericity test was performed after transforming those individual
design dimensions that were not already normally distributed. Subsequently, the approach
followed in the analysis was to revert, for convenience of interpretation, to the
nonparametric correlation matrices (in which the variables were not transformed). This
step was performed after verifying that the significant nonparametric correlations
(Spearman p) addressed in the interpretation were consistent with those (Pearson r) found
in the matrix for which the sphericity test was significant.

Finally, a correlational analysis for elementary design features and generations
was performed to highlight, at a micro level. what were the practices. or representational
modes starting to become diffused in the new generation.

The fact that no information was available about the teams of the 1% generation
projects to establish the equivalence of generations was considered a non-issue with
respect to the overall aim of the analysis on the following grounds:

e The aim of this exploratory analysis is not to establish whether two equivalent groups

perform differently due the fact that one has worked under the conditions created for



the shared design memory. Rather the intent is to establish how a shared design
memory affects the process of knowledge transfer across and within generations. In
this respect it is not important who produced the designs of the first generation as
much as it is important that they are representative of the quality that was attained in
the former year and that there is no bias in the selection, with the possible exception
of sampling error. Also, the overall quality of the cases that are being compared is
such that the exam was successfully passed. and the variations are mostly due to
weaknesses rather than serious mistakes, as discussed in the section on novice biases,
or to some remarkable insight for the most successful ones. This sort of pre-screening
for the pool of projects that was made available initially was done at the beginning, by
excluding from official circulation all the seriously flawed cases, those that at the
exam got marks less than 25/30. However. these cases are not representative, being
less than 15% and typically being the outcome of students who decide to prepare the
exam very hastily, as one last resort to meet the official university requirement in the
number of sustained courses for registering regularly in the next academic year. No
filtering was performed on the projects that gradually were contributed to StorvNet
from June to November by all the individuals or teams that passed the course.

e There is no reason to suspect any systematic change from the last years in the

populations of students that enroll in the course.

6.2 High-level changes in design quality across generations

The descriptive statistics for each aspect of the design quality for the three

generations are presented in Table 14. The relevant boxplots are in Appendix C. The
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individual distributions are discussed in the following based on the analysis of the stem
and leafs plots. The stem and leaf plot provides a concise representation of the
distribution of the scores by representing explicitly their digits and their extreme values.
Digits are split into a “stem” and a leaf. The “stem” of the plot represents the first digits
or group of digits of the scores falling within an interval (stem width) that is computed to
reflect the actual distribution of the scores. Each leaf can represent one or more cases

with the same remainder in the score.

Table 14. Descriptive statistics for aspects of design quality for the three generations

Std.
Generation Mean Median Deviation Minimum | Maximum | Skewness
Domain 1st Generation 2.63 3.00 1.02 .00 4.00 -1.66
modglin_g 2nd Generation 3.41 3.00 55 2.50 4.00 .08
specificity 3rd Generation 2.80 3.00 94 1.50 4.00 -07
Structuring 1st Generation 2.75 2.00 1.45 1.00 6.00 .85
(Decomposition)  2nd Generation 3.97 4.00 2.16 1.00 7.00 .13
3rd Generation 3.60 3.00 1.54 2.00 6.50 77
Structuring 1st Generation 2.19 2.00 1.52 .00 6.00 .82
(Composition) 2nd Generation 2.00 2.00 1.15 .00 4.00 -.30
3rd Generation 2.23 2.00 1.03 1.00 4.00 45
Data Modeling 1st Generation 5.28 5.00 1.61 1.50 8.00 -.57
2nd Generation 534 5.25 2.58 .00 9.00 -.18
3rd Generation 5.80 5.50 1.60 3.50 10.00 1.07
Dynamics of 1st Generaton 1.06 1.00 .57 .00 2.00 .03
interactions 2nd Generaton 2.25 2.00 1.06 .00 5.00 57
3rd Generation 3.07 3.00 1.33 .00 5.00 -.55
Breakdown 1st Generation 1.53 1.75 .56 .50 2.00 -78
2nd Generation 1.38 1.75 74 .00 2.00 -.63
3rd Generation 1.50 1.50 .53 .50 2.0C -.81
Textual 1st Generation 1.44 1.00 B3 1.00 3.00 1.18
communication  2nd Generation 2.44 2.50 79 1.00 4.00 -23
3rd Generation 2.30 2.50 1.31 .80 4.50 -.02
Hypertextual 1st Generation 1.94 2.00 1.22 .00 4.00 .04
communication  2nd Generation 3.63 3.50 1.71 1.00 7.00 22
3rd Generation 4.17 4.00 1.60 1.00 7.00 -.15
Complexity 1st Generation 121.56 107.00 36.01 79.00 201.00 1.06
2nd Generation 121.41 123.50 34.02 61.00 185.00 .03
3rd Generation 124.63 121.00 35.16 82.50 197.00 .66
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Concerning Domain modeling specificity, the distribution for the 1% generation.
detailed in the stem and leaf plot of Figure 25, is not surprising (12 cases scored 3 and
only one case scored 4), given that this dimension reflects the bias of lack of specificity or
“stereotyping” frequently observed in the precedents. The situation is markedly better in
the 2™ generation, in which the lowest value is 2.50 and the distribution is skewed
towards the highest value, i.e., 4, with 15 out of 16 cases falling between 3 and 4.

The 3" generation is more balanced, reflecting an intermediate situation, with ten

cases in the range 3-4. It is slightly skewed towards the lowest value, which is 1.5.

Domain Modeling Specificity

1st Generation 2nd Generation 3rd Generation

Stem & Leaf

010 01 c 1

11 00 1 1 | 555

2 215 2} 00

3 t 000000000000 3 | 00000000 3 | 000000
4 10 4 | 0000000 4 | 0000

Figure 25. Stem and leaf plot for Domain modeling specificity.

Structuring (decomposition) reveals a marked effect for the second generation,
regarding the increase in the structuredness of the design (Figure 26). Its symmetrical
distribution is such that the value 6, which was an outlier in the 1% generation, is now at
boundaries within which fall 50% of the cases in the 2" generation. This indicates that
some of the features, or different combinations of features relative to modes of organizing

and layering the design, are becoming common. The 3™ generation exhibits less
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decompositional structuring than the second one, but still to a higher degree than the 1

generation.

Structuring (Decomposition)
1st Generation 2nd Generation 3rd Generation

Stem & Leaf

0! (O 0 |

1§ 005 1 005 1

Z2 | 000000 2 | 00 2 | 000005
3 | 000 3 | 00 3 | 0o0¢C

4 | 05 4 { 000 4 | 0000
510 510 S

610 6 | 00 6 | 00S
7| 7 | 000 7 i

§ | & | 9 |

Figure 26. Stem and leaf plot for Structuring (Decomposition).
Structuring (Composition) did not show any change across the three generations.
and the distributions are the same in shape and spread, all ranging from 0 to 4. with only

one outlier in the 1* generation (Figure 27).

Structuring (Composition)

st CGeneration 2nd Generazion 3rd Generatiocn

0t 00 0 i 00 0 i 0

1 | 000 i j 000 1 ] 000555
2 | 00000 2 { 00000 2 | 000

3 | 0000 3 | 00000 3 1 0000

4 10 4 ¢+ 0 4 | 00

5 3 5 i

6 | 0 6 | 6 i

Figure 27. Stem and leaf plot for Structuring (Composition).

107



Data modeling reveals that for the 2™ generation there was only an increase in the
spread of the values, with one case scoring lower than the outlier in the 1¥ generation.
The stem and leaf plot (Figure 28) shows that there were more cases in the higher range
of the scale, thus indicating a tendency to improve. Concerning the 3™ generation.
although there was only one outlier, who scored 10, there was a tendency of the scores to
concentrate in the 5 to 7 range, without getting lower than 3.5, with only one case with
this value. Thus, although the improvements are not dramatic there is a tendency, varving

with the generation, of the cases to concentrate in the range of scores from 5 to 7, and an

increase in the number of cases that score from 8 up.

Data Modeling R

1st Generation Z2nd Generation 3rd Generation

Stem & Leaf

0 i ! o G !

115 i I

2 2 2 i

310 3 { 0000 3 | 00000
4 | 555 4 | 00 4 . 00

5 1 00005 51 00 5 | 000555
€ 1 00 6 1 0 6 | 0555
7 | 000 7 1 000 7 1 00

8 10 8 | 8 i

S | S 1 000 9 |

101 10 101 O

11 1z iz

Figure 28. Stem and leaf plot for Data Modeling.

The dynamics of interactions is one aspect in which there is the most dramatic
improvement, consistently across generations. As shown in the stem and leaf plots

(Figure 29), in the first generation, eleven cases scored 1. three cases scored 2 and two
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cases scored 0. In the 2™ generation, nine cases scored 2, four cases scored 4 and there
were two outliers, one scoring 0 and one scoring 5. This trend of improvement was
continuing also in the 3 generation, in which the scores were shifted upwards, with four

cases scoring 3, four cases scoring 4 and two cases scoring 5.

Dynamics of interactions
lst Generation 2nd Generation 3rd Generation

Stem & Leaf

0| o0 0] o0 0t{o0
1 { 00000000000 110 110
2 | 000 2 | 000000000 2 | 0000
3 i 3 | 0000 3 | 0000
4 | 4 | 4 | 0000
5 510 51 00
6 | 6 | 6 |

Figure 29. Stem and Leaf Plot for Dynamics of interactions.

The variable Breakdown (Figure 30), followed a different pattern. In the first
generation 50% of the cases scored 2. and the remainder were equally distributed from 3
to 0.5 as the lowest. In the 2™ generation the same percentage scored 2. but more cases
score 0.5 and one scored 0. This indicates that there was no substantial variation, only the
fluctuation of a few cases in the lower end of the scale. On the other hand, in the 3™
generation there is a slight improvement due to more cases in the 1 and 1.5 levels for the

scores.
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Braeakdown
1st Generation 2nd Generation 3rd Generation

Stem & Leaf

0 10 0 |

01 55 0 | 5555 C { 55

1 { o000 110 1] 000

1 | 555 1} 55 1 | 55555
2 | 00000000 2 | 00000000 2 | 000000

Figure 30. Stem and leaf plot for Breakdown.

Textual communication (Figure 31) definitively increases in the 2" generation,
with 13 cases in the range 2-3, against the 10 cases who scored 1 in the 1% generation, and
in the 3" generation there is a greater spread of the scores, with three cases scoring 0.5

g gr p g

and three cases in the 1-1.5 range. This indicates a slight decrease with respect to the 2™

generation but still a notable increase with respect to the 1* generation.

Textual communication

1st Generation 2nd Generation 3rd Generation

0 g i 3 | 555
1 | 0000000000 T i 00 1 | 005
2 | 00000 2 | 0000055 2 | 0055
310 3 | 000000 3 | 0055
4 | 4 !0 4 | 05

S 5 ! 3

Figure 31. Stem and leaf plot for Textual communication.
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Hypertextual communication (Figure 32) is the other dimension in which
improvements were most evident. As shown in the stem and leaf plots, hypertextual
communication was symmetrically distributed and ranging from 0 to 4 in the 1%
generation, with 7 cases in the median value (i.e., 2). In the 2™ generation most of the
scores concentrated in the range 3-4, with the lowest value being | and two cases scoring
6. Analogously, for the 3™ generation the increased value was sustained, with an

additional slight increase in concentration of the cases towards the upper end of the scale.

Hypertextual communication
lst Generation 2nd Generation 3rd Generation

Stem & Leaf

¢ | 005 0 ! 61 0
11 00 11 00 170

2 | 0000005 2 [ 00 210
31 00 3 | 0000 3 | 0055
4 1 00 4 | 000 4 | 0055
5 5 | 000 5 | 05
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7 710 710
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Figure 32. Stem and leaf plot for Hypertextual communication.

The significance of the changes across the three generations was tested by performing a
one-way ANOV A, after eliminating two outliers in the 1¥ generation, two outliers in the

2" generation and one outlier in the 3 generation. The results are reported in Table 15.
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Table 15. ANOVA for dimensions of design quality across generaﬁons

ANOVA
Sum of Mean
Squares df Square F Sig.
Domain modeling Between
specificity Groups 5.047 2 2524 3.163 .053
Within
Groups 31.918 40 798
Total 36.965 42
Structuring Between
(Decompoasition) Groups 10.944 2 5.472 2.464 .098
Within
Groups 88.846 40 2221
Total 99.791 42
Structuring Between
(Composition) Groups 321 2 161 123 .885
Within
Groups 52.376 40 1.309
Total 52.698 42
Data Modelling Between
Groups 2.298 2 1.149 .378 688
Within
Groups 121.679 40 3.042
Total 123.977 42
Dynamics of Between
interactions Groups - 27.133 2 13.566 14.554 .000
Within
Groups 37.286 40 932
Total 64.419 42
Breakdown Between
Groups .143 2 | 7.15E-02 77 .838
Within .
Groups 16.148 40 404
Total 16.291 42
Textual Between
communication Groups 8.085 2 4.043 4.642 .015
Within
Groups 34.833 40 871
Total 42.919 42
Hypertextual Between
communication Groups 30.255 2} 15128 5.364 .009
Within
Groups 112.814 40 2.820
Total 143.070 42
Complexity Between -
Groups 602.583 2 301.292 .296 .745
Within
Groups 39659.5 39 |1016.911
Total 40262.1 41

The results of the F omnibus test shown in Table 14 indicate that significant

changes across the three generations occurred for the design dimensions: Dynamics of



interactions, Textual Communication and Hypertextual Communication. Domain

modeling specificity just misses significance (p = .053).

Post-hoc comparisons for Dynamics of interactions and Texiual communication
using the Dunnet T3 test ( for such variables the Levene test for equality of variance was
significant, p<0.5) indicate that:

1. for Dynamics of interactions, both the 2™ and the 3% generations increased
significantly with respect to the 1% generation (Mean difference = 1.14 and Mean
difference = 1.93, respectively, p<.05);

2. for Textual communication the 2™ generation increased significantly with respect to
the 1 generation (Mean difference = 1.00, p<.05).

Conceming Domain modeling specificity and Hypertextual communication,
post-hoc comparisons using the Tukey Test indicated that:

1. for Domain modeling specificity, the 2™ generation differed significantly from the 1*
generation (Mean difference = 0.82, p<.05):

2. for Hypertextual communication, both the 2" and the 3" generations increased
significantly with respect to the 1* generation (Mean difference = 1.64 and Mean
difference = 1.90, respectively. p<.053).

In summary, the projects of the 2™ generation showed more specificity in the
language .used to describe the domain, more effort aimed at structuring the analysis (e.g.,
organization of the “stories™, explicit tracing of the data and processes relative to each
scenario, reflected in various representations, such as global diagrams or matrices), as
shown qualitatively from the stem and leaf plot of Figure 27 (see also boxplots in

Appendix C), and an increased attention towards modeling the dynamics of interactions.



Tapping more communication modalities, both textual and hypertextual, was also a
distinctive mark of the 2" generation. In the 3™ generation, the significant increase in
dynamics of interactions and hypertextual communication was confirmed. There was
some variation in structuring and textual communication, but more positive signals of
improvement in data modeling and breakdown. The index of complexity remained
practically unchanged across the three generations.

Analysis of the correlations among the design dimensions of the cases of the 2™
generation, and among the dimensions of the cases of the 3™ generation, can be
illuminating in characterizing the “emerging” quality of the new generation’s projects and
in interpreting the effects achieved with the shared memory. The correlations were
obtained by taking out from each sample the cases that were identified as outliers. A brief
characterization of the outlier cases is deferred until after the discussion of the

correlations.

6.3 Correlations in the 2™ generation

As discussed in section 6.1, before analyzing the nonparametric correlations
among the design dimensions in the 2™ generation, Bartlett’s sphericity test was
performed after eliminating the outlier cases and transforming the variable Breakdown,
for a total of 13 cases. The test was significant (Chi-Square = 11.23, df=66, p< .05). The
significant nonparametric correlations discussed in the following are consistent with the
correlations obtained when the sphericity test was performed, which are reported in Table

16.
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For the 2™ generation, two particular set of correlations (Table 17) are of interest:
1) Data modeling is correlated with Structuring-decomposition (Spearman p = .867,
p<.05) and with Team average GPA (Spearman p =.562, p<.05); 2) Dynamics of
interactions is correlated with Communication visual-hypertextual (Spearman p = .761,
p<.05). Structuring-decomposition and Hypertextual Communication are correlated, also
(Spearman p = .538, p<.05).

Considering that the activities of structuring and representing occur at the outset
of the design process that eventually culminates in the definition of the two fundamental
and complementary components, i.e., the data models (the more static, semantic
component) and the dynamics of interactions (the component involving the
understanding of how the data will be modified within the system, and how they will be
interfaced with the end users), the correlations suggest that:

e Increased structuring co-occurs with increased quality in the data modeling:

* Increased hypertextual communication, which inherently carries a temporal
component related to animations and a structuring component related to the layering
of information, co-occurs with a better understanding and quality of the dynamical
aspects of the system being designed. Evidence of the relationship between
hypertextual communication and structuring is found in the significant correlation
found between the two.

This latter result of the internal analysis of the characteristic of design is consistent
with results of the qualitative analysis of the generations, because generational increases
in hypertextual communication and structuring co-occurred with the generational

increases in dynamics of interactions.
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