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Abstract: This paper identifies two-staged interaction as the abstract concept behind form-based interfaces.
From this we derive form storyboarding, a method for eliciting, specifying and communicating functional re-
quirements for applications with form-based interfaces. The method encompasses a visual language for the
documents which have to be created, and a set of proposals for activities. The visual language is based on bipar-

tite state transition diagrams.
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1 Introduction

The form-based interface is the poor cousin of the
human-computer interface community. This did not
reduce the practical importance and ubiquity of this
kind of interfaces. The HCI community has naturally
believed, that over time the crude looking form-
based interfaces are replaced by advanced GUI-
based interfaces. However, it by now seems that
many new interface metaphors were not able to pro-
vide real added value to use cases, where form-based
interfaces are used. The typical usage of a textual
input field, e.g. the collection of a new user name,
apparently can not be improved in most cases. Hence
the form-based interface seems to remain with us in
the future.

On the other hand, form-based interfaces have
indeed advantages for the self explanatory character
of a system. The usage of the system is intuitive,
since it is guided by the paper form metaphor. The
difference between temporary input and submission,
or "sending" fits to the business semantics: the two
classes of interactions correspond to the work inten-
sive preparation of a contract by page interaction and
the punctual and atomic interactions of the "serious"
kind, the agreement on a contract by submission of a
form.

In this paper we introduce form storyboarding, a
method that is an amalgamation of requirement elici-
tation, specification, and high-level Ul prototyping.
Form storyboarding is applicable to systems with
form-based interfaces, and addresses requirements

on business functionality. We do not consider non-
functional requirements. Form storyboarding is a
requirements gathering method that is seamlessly
integrated with Form-Oriented Analysis (Draheim
et.al., 2002a, Weber, 2002).

Form storyboarding yields an artifact, the form
storyboard, which is a complete description of the
system interface. Form storyboarding encourages the
requirement engineer to create the basic structure for
the functional requirement specification according to
the elements of the form storyboard.

2 Two-Staged I nteraction

Many applications like today's enterprise applica-
tions use a particular form-based interface type
which we will call submit/response style. Form-
based interfaces collect user input in the style of
input forms. Input forms can be understood as a
metaphor, namely as a direct translation of paper
forms into human-computer interfaces. Input forms
are composite structures of input elements. Sub-
mit/response style interfaces is our term for form-
based interfaces with a special screen update policy.
On a submit/response style interface all screen up-
dates have to be triggered by a dedicated user action.
The user actively submits data or a query, instead of
watching a constantly updated view.

This type of interface is not tight to any specific
technology. On the contrary, the same characteristics
can be found in many technologies, e.g. HTML-
based clients, mainframe terminals, even certain
parts of GUI-based dialogues: the secondary dia-



logues in document applications, like the print dia-
logue, follow this paradigm. An important class of
systems of this type are systems with ultra-thin cli-
ents. Ultra-thin clients are used for creating an inter-
face tier that does not contain business logic in itself.
Ultra-thin clients cache the user interaction on one
page in the client layer. Systems with ultra-thin
clients are typically multi-user systems. Ultra-thin
clients fit neatly into transactional system architec-
tures.

Submit/response style interfaces show at each
point in time one page, which offers the user a col-
lection of interaction options. Interaction options are
input fields of forms and submit buttons, which trig-
ger a page change. The difference between input
fields and submit buttons lead to a strict two-staged
interaction paradigm. User interaction is separated
into interactions on one page and interactions that
result in a page change. Interaction on one page,
called page interaction, consists of filling out input
elements, changing the focus between input ele-
ments, resetting the form and other interactions.
These user interactions are only temporal and do not
change the system state. This allows to abstract from
page interactions when modeling the complete inter-
face.

Only the other kind of interaction does affect the
system, namely page changes. Page changes are
either submitting a form or clicking a link, whereby
submitting a form is the more general concept: a link
can be seen as a form consisting solely in the submit
button. If the user triggers a page change, the result
of her interactions with the respective form is proc-
essed by the system, her interaction with other forms
onthe pageislost.

In submit/response style interfaces the submis-
sion of aformis an operation that has quite precisely
the semantics indicated by the paper form metaphor.
In computer science terms the submission can be
modeled as a method call (Draheim et.al., 2002b),
namely the submission of an actual parameter list
with a method name. The actua parameter list is
given by the contents of the input elements, the
method name is best represented by the form title.
The form itself can therefore be seen as an editable
method call. As a result of a page change, a new
page will be presented to the user. This page con-
tains information and new interaction options for the
user, namely new forms. Many concepts in concrete
technologies can be subsumed under these concepts.
For example in HTML, links can be seen as submit
buttons in textual style. If a page contains a list of
submit buttons, then the choice of one of these but-
tons for submission must be seen as an additiona

input value: a list of submit buttons is equivalent to
one submit button combined with a choice list.

Form-like interface layout can be found not only
for ultra-thin clients but also in other systems, like
desktop databases typicaly found in office suites.
However, such systems follow a fundamentally dif-
ferent paradigm than submit/response style inter-
faces. In desktop databases a form-like input mask is
an editable view of persistent data. Once a field is
edited, the corresponding field in the persistent data
is changed immediately. In general therefore there is
no need for a submit procedure, instead there is a
concept of buttons, where a button is a parameter
free command. These kind of dialogues perform
screen updates in a push style, meaning that the sys-
tem pushes the new content on the screen continu-
ously. An early presentation of such a paradigm can
be found in (Hayes, 1985). In this kind of user inter-
faces forms could also be called views. Concerning
multi-user systems on the other hand, the push style
is not applicable to conflict resolution between dif-
ferent users. Updates by other users must not inter-
fere with the current work of asingle user.

3 Modeing HCI with Bipartite
State Transition Diagrams

The recognition of the two staged interaction para-
digm leads to the following key insight about re-
quirements specification for submit/response style
interfaces. there is no need to specify the fine
grained interface behaviour on one page. Page inter-
actions are well understood and can be offered by a
general browser, which is able to interpret a declara-
tive page description and provide a sufficiently pow-
erful standard page interaction paradigm. This ex-
plains the success story of concrete technologies like
the HTML form concept together with the web
browser as a standard ultra-thin client. Hence speci-
fying submit/response style interfaces is reduced to
specifying page changes.

We propose form storyboards, a bipartite ex-
tended class of state transition diagrams, tailored to
the modeling of submit/response style interfaces. A
state transition diagram is a directed labelled graph.
The nodes are states of the system, the edges are
transitions between the system states. Between two
states there can be several edges distinguished by
different labels.

Due to the fact that page interaction is well un-
derstood, the main task in modeling the dynamic
behaviour of a user interface is the modeling of page
changes. From this perspective, the user interface



remains in the same state as long as the same page is
presented to the user. The state changes whenever
the user triggers a page change. This full abstraction
from page interactions is the key advance of the
proposed method beyond other state transition dia-
gram approaches, which are discussed in the next
section.

The system can in principle show an indefinite
set of pages. In order to model the interface as a
finite state diagram, one has to identify afinite set of
page sets, each representing one page. Take for ex-
ample a catalogue of an online bookstore. The num-
ber of categories is likely to change over time. The
favourite model would have only one state in the
state transition diagram which represents all catego-
ries. The information which precise category is
shown, is not modeled in the diagram. It may be
allowed to mention that the states chosen for the
diagram will often match more or less the finite set
of different page implementations.

4 Modeling HCI with State Tran-
sition Diagrams

State transition diagrams have early been used in
requirements engineering with respect to user inter-
face modeling (Green, 1987, Jacob, 1983,
Wasserman, 1979, Wasserman, 1985). Our approach
is distinguished from these approaches through:

The identification of the two-staged interaction

paradigm: page interaction and page change.

The identification of the bipartite structure and

the fundamental differences between server

states and page states.

The two staged interaction paradigm allows the ab-
straction from the fine grained page interactions,
which are well understood and can be offered by a
standard tool, the browser. Hence for sub-
mit/response style interfaces, the named other state
transition diagram approaches are identified as being
too fine grained. Furthermore the system view and
dialogue style of these approachesis out of date.

User interface modeling is dominated by the dis-
cussion of model-based user interface development
environments (MB-UIDE) (Silva, 2000). However,
again these approaches, when applied to form-based
interfaces, work on the level of page interactions,
which isinadequately fine grained.

5 Page Diagrams

Before we explain form storyboards we intro-
duce a more coarse grained kind of diagram, called
page diagrams, which follows the choice of states as
explained above. Page diagrams only represent the
visible states of the system. They provide a valuable
shorthand notation for the corresponding form story-
board. Page diagrams take a natura finite set of
states, as explained above. Naive page diagrams
without precise semantics are often found in practice.
The user interface is in one particular state of the
page diagram, as long as the user performs page
interactions. The edges from this state in the page
diagram represent the possible page changes that the
user can trigger. Our running example is a seminar
registration. On the homepage the current partici-
pants are listed. A new participant can register her-
self (Figure 1), as long as she is not aready regis-

tered.
hom_ep_age with placesare
participant list il available
deletion registration
a customer with
the password - _.] samenameand phone
isnotcorrect | s~ | [ | | -7 already participates
invalid password already registered
error message IS S20C

Figure 1: Page diagram

The example page diagram shows one of the im-
portant features of our proposed page diagram for-
malism: branching edges. They are necessary, be-
cause the target page of a page transition may de-
pend on the server action in response to the user
input. Error pages are the most ubiquitous example,
as is shown in the example: depending on the user
input, either the regular subsequent page or an error
page is presented, like in the case of an invalid pass-
word. In the page diagram this must be indicated as a
branching edge, since both pages, error page as well
as ordinary response page, are triggered by the same
user command. Page diagrams give an intuitive
notion, but do not offer a self explaining semantics.
A precise semantics for branching edgesis gained by
form storyboards.



6 Form Storyboards

We introduce our new diagram concept called form
storyboards (Figure 2). They pay tribute to the intui-
tive notion that the system usage is an interplay of
aternating user action and server action. The states
of the diagram are partitioned into page states or user
input states and server states. The system state ater-
nates between page states and server states. Hence
these diagrams are bipartite graphs. The set of page
states is identical to the set of states of the page dia-
gram. The page nodes are denoted as rounded rec-
tangles, the server states are denoted as sguare rec-
tangles. However, the server states are only tempo-
ra: the user action triggers a state transition into a
server state, but after processing the system auto-
matically leaves the server state and returns into
some page state. In the register action of the running
example, the system leads over either to an error
state or to the ordinary page state.

The page diagram is the result of collapsing al
server nodes to little squares and eliminating those
with only one outgoing edge, i.e. uniting them with
the unique target page node.

6.1 Signaturesfor Server States

Server states are entered by page changes, which we
have identified as method calls. We want to include
the signature of the method into the diagram. The
method signature is written into the sguare represent-
ing the server state. The parameter list is written in
the style of a form, so that stakeholders that are not
computer scientist have an immediate intuition of the
diagram semantics. At the same time the notation
fosters the understanding of the developer that a
form submission is a method call and that the formis
an editable method call. Consider the server state
"remove yourself* in the example form storyboard.
This server state demonstrates the unification of
forms and links. The server state represents a set of
links on the page, namely one link for each partici-
pant. As explained earlier, this set of links is equiva
lent to a choice list with all participant numbers and
a single submit button. Therefore the server state has
one parameter, namely the chosen participant num-
ber.

The form storyboard yields a convenient and
structured representation of the interaction possibili-
ties on one page. A page state together with its ac-
cessible server states represents the interaction op-
tions the user can choose. Therefore the evolving
form storyboard can be seen as high-level, non-
executable prototype, which abstracts from interface
layout details, but provides a solid basis for discus-
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still available

homepage with ///
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l/ registration
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« listnumber registration
deletion \/
register
\K * name
 phone
delete participant - s
e password
\\
\\ ; = -
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\
the password
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invalid password
error message already registered
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Figure 2: Form storyboard

sion, and form storyboarding turns out to be espe-
cialy well suited for team work, too. Consider now
the form storyboard for the running example, the
seminar registration system.

Each state can have multiple ingoing edges from
different states of the other kind. This means that a
server method can be called from different pages,
and on the other hand the same page can be the result
of different server actions. Furthermore, two states
can be connected by more than one edge, if these
edges are labelled or annotated differently. Edges
from a page node to a server node are called
page/server edges, edges from a server node to a
page node are called server/page edges.

Server/page edges can be annotated with condi-
tions, under which the respective transition will be
chosen by the system. These conditions can be anno-
tated in a language of choice. Page/server edges can
be annotated with conditions, under which they are
enabled, like the link from the homepage to the reg-
istration page in the example. In Form-Oriented
Analysis (Draheim et.al., 2002a, Weber, 2002) the
informal constraints from the form storyboard can be
trandated into aformal dialogue constraint language,
an extension of OCL.

In form storyboards, exceptions which are caused
by exceptional multi-user interference should not be



modelled. An example is the case that the user enters
the registration procedure at a time where places are
till available, but at the time of her submit the last
place is occupied. Such a multi-user-exception
should be included into the form storyboard only if
there is an increased importance to discuss such a
case with the domain expert. Multi-user-exceptions
have to be dealt with in depth in form oriented analy-
sis.

6.2 Feature Driven Approach

Form storyboarding uses only one kind of formal
artifacts. All documents are form storyboards that are
understood as subdiagrams of the complete diagram.
The completeness of the diagram can be declared
locally for each node. Local completenessis given if
a diagram shows for one node aready exactly those
outgoing edges which will be present in the final
diagram. Local completeness is depicted by a tick-
mark in the node. An important artifact is a single
feature. A feature contains a small subset of the
form storyboard relating to a specia aspect of the
system. Feature artifacts have a tag containing the
annotation "feature’.

feature
register a customer with j
e name same name gr}d phone|
« phone alreat':ly participates

« password
\ already registered

error message

get participants

\_/

Figure 3: Feature artifact

The domain expert or requirements engineer can
denote every subset of the system interface that ap-
pears as a single feature in a separate diagram, even
not connected parts of the form storyboard can be
placed in the same diagram, if they are received as
expressing the same feature. An important featurein
the running example is the "aready registered par-
ticipant™ topic (Figure 3). Form storyboarding is first
and foremost a feature driven approach. The whole
form storyboard can be gained by collecting single
features. Crucia for the simplicity of the form story-
boarding method is the fact that diagrams can be
combined in an easy operation, by building the union

of both diagrams and identifying nodes and edges
with the same name.

A notion of model decomposition is conservative,
if it isminimal and semantics compatible. It is mini-
mal if the hierarchy resulting from the decomposition
isjust a partial order on pieces of the whole model,
that is no additional structuring elements are intro-
duced during decomposition. It is compatible with
the model semantics, if the model pieces resulting
from a decomposition are again self-contained mod-
els. The defined model decomposition of form orien-
tation diagrams is conservative, it is based on pure
graph union as composition mechanism. Conserva-
tive model decomposition enables feature modeling.

6.3 Use Cases Reconsidered

Use cases are defined as typical usages of the sys-
tem. In form storyboards, the basic flow and the
aternative flows of a use case correspond to pathsin
the diagram. The complete diagram can be consid-
ered as the compact notation of the set of al use
cases. In the form storyboarding approach every use
caseisafeature.

7 RequirementsElicitation

The ultra-thin client submit/response style metaphor
is fundamentally different from other well known Ul
metaphors, like the desktop metaphor. Namely, the
submit/response style metaphor implies a precise
semantics of user interaction as outlined before:
page interaction is volatile, page change is data
transmission and changes the system state. On the
other hand, desktop a.k.a. direct manipulation meta-
phors give only a vague analogy and no precise se-
mantics, e.g.. does drag and drop mean "copy" or
"move"? Domain experts understand completely the
concept of paper forms. Since paper forms can be
translated precisely into system functionality, domain
experts can give precise semantics for ultra-thin
clients. Therefore form storyboarding encourages
that domain experts and requirements engineers
discuss system features aong the submit/response
style metaphor, and the properties are depicted as
form storyboard feature artifacts by the requirements
engineer. In form storyboarding the requirements
engineer does not have the task to trandate the se-
mantic concepts of the domain expert into semantics
of form storyboarding. Instead, she only has to medi-
ate the notational questions. Therefore form story-
boarding has no mismatch between the domain ex-
perts view and the specification documents.



Form storyboarding is not tightly coupled to a
specific process for requirement elicitation. Instead
form storyboarding offers proposals for activities
which in themselves increase the quality of the re-
quirement specification. Form storyboarding is a
feature driven approach, not a use case driven ap-
proach. The complete form storyboard is gained by
collecting all features of the system. Use cases may
be used as heuristics for finding features, but are not
required. The activities relate to the validation of
found features, and to the local systematic search for
features. Form storyboarding starts with the devel-
opment of anumber of feature artifacts. The features
to be depicted can be gained by various ways, e.g.
during brainstorming or by reverse engineering of
legacy systems. Each feature can be discussed in its
formal notation. If informal search for new features
is completed, the systematic search for features is
started. The single activity is local search on asingle
node in the form storyboard. The participants of the
requirement process check for a single node, whether
the outgoing edges represent exactly the desired
interaction options, and check the server response to
these options. If the completeness of the description
is assured, the node may receive a tickmark. By
traversing the form storyboard global completeness
isassured.

The form storyboard cannot only be included as a
document and diagram into the software requirement
specification SRS. From a form storyboard a struc-
ture for section 3 of the SRS can be generated. This
structure can best be matched with the organizing
style "response”, asit isgiven in (IEEE, 1993).

8 TowardsForm Oriented Analy-
SIS

The diagrams presented in this paper are integrated
with Form-Oriented Analysis (Weber, 2002) (Fig. 4),
a holistic approach for engineering form-based,
submit/response-style systems. The approach en-
compasses page diagrams, form storyboards, form
charts (Draheim et.al., 2002a, Weber, 2002) as well
as the reverse engineering tool JSPick (Draheim
etal., 2003a) and the forward engineering tool
GENTLY (Draheim et.a., 2001). This section pro-
vides an outline of Form-Oriented Analysis and how
form storyboarding integrates with it.

Page diagrams offer a natural conceptual basis
for modeling of submit/response-style software sys-
tem. Form storyboards are designed with respect to
informal communication between domain experts
and system analysts. The special way that signatures

Page Diagrams

Form Storyboards

Form Charts

Data Dictionary

Semantic Data M odel

Language Angie
(Elaboration)

Language Gently

Server Pages Technology

Figure 4: Form-Oriented Analysis

of server actions are visualized as forms make form
storyboards able to serve as high-level prototypes.
Form storyboards can be transformed into form
charts without structural friction. Form charts are
used for rigorous software system specification.
They are annotated with precise dialogue constraints
and are integrated with a layered data model. This
data model consists of a semantic data model for
persistent data and a data dictionary for messages
that are exchanged during human system interaction.
Dialogue constraints are logical expressions that
annotate the form chart. They are written both with
respect to the layered data model and the dialogue
history. For every form chart element several kinds
of constraints are predefined and given semantics.
These constraints constitute no specification over-
head and are recovered directly during system im-
plementation.

The language GENTLY is a specification lan-
guage for web-based presentation layers that is ori-
ented towards the NSP type system (Draheim et.al.,
2002b). The language GENTLY can be seen as a
first attempt to a textual format of form charts. It is
already successfully exploited by the fully imple-
mented tools JSPick and GENTLY. The JSPick tool
is a design recovery tool (Chikofsky, 1990) for Java
Server Pages based web presentation layers (Dra-
heim et.al., 2003b) that generates high-level system
descriptions in a GENTLY dialect. The GENTLY



tool generates a complete Java Server Pages based
prototypical dialogue from a high-level system de-
scription. It is further work to define a successor
ANGIE to the language GENTLY and to build an
automatic prototype generator that exploits all nota-
tional elements introduced by form storyboards and
form charts.

9 Related Work

Mature approaches to modeling user interfaces has
aready been discussed in section 4.

A current school in requirements engineering is
the use case driven approach. HCI specifications as
defined in the several versions of this approach (Ja-
cobson, 1992, Jacobson et.a., 1999) specifically
target the modeling of GUI-based dialogues. The
approach does not yield a clear layering of user inter-
faces into page interactions and page changes.

A state machine based approach has been re-
cently proposed for modeling workflow aspects of
Web-Application (Mohan et.a., 2002). In this ap-
proach the state of the application represents the
interaction options of a set of users, not asingle user.
The approach aims at modeling multi-party dia-
logues like auctions, and covers the mutual depend-
ency of the interaction options available to the single
parties. The proposal is not based on a bipartite state
automaton as it is the case with form storyboards. It
could be thought of combining form storyboarding
for modeling single user dialogues with the method
in (Mohan et.a., 2002) for modeling multi-party
aspects of the system under consideration.

An extension of state transition diagrams for
modeling reactive systems are statecharts (Harel
1987).

10 Conclusion

How do you start in a project developing a web-
based application? You just start by painting the
system welcome page on a blackboard. Then you
continue to paint more and more pages and to con-
nect them by arrows representing links or possible
form submissions. This is away to actuate modeling
of every submit/response-style software system. Page
diagrams offer a conceptual basis. Though natural,
the outlined process may quickly become bulky.
Therefore an elaborated kind of diagram is desired.
The concept of form-based style interfacesis here
to stay, since they present the optimal solution in a
number of areas, where they are used. We gave an
analysis of the considered class of interfaces and its
implications for the requirement specification proc-

ess. Then we developed the notation of form story-
boards and explained the proposed modeling activi-
ties. Form storyboarding offers an adequate abstrac-
tion from page interactions. The method has a single
type of artifacts, namely form storyboards, which are
bipartite state transition diagrams. Form storyboards
come aong with a conservative model decomposi-
tion mechanism. Therefore they can describe features
of every desired complexity and alow simple inte-
gration of partial modeling into the complete form
storyboard. Form storyboards may serve as a high
level, non-executable prototype. The main contribu-
tion of this work is to trandlate the results about the
abstract submit/response style interface into a re-
guirements specification approach.
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