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Abstract
Business processes are a widespread approach
to managing and planning organizational activi-
ties. However, human work practices often dif-
fer from structured, formal process descriptions.
Knowledge on process variations therefore be-
comes a key aspect in enacting and controlling
business processes. Such knowledge usually is
informally documented. Traditional paper, car-
rying handwritten information, still serves as
one of the prevalent media in this context. Even
in computer supported work environments, pa-
per based documents are still common in pro-
fessional settings. As a solution to the problem
of integrating handwritten, informally specified
knowledge into business processes, the concept
of unstructured interaction is introduced and
elaborated.

1 Introduction
Contemporary Business Process Management (BPM) solu-
tions rely upon formal process models. On the one hand,
formal process models alleviate the mapping from process
to information technology, thereby providing a huge poten-
tial for efficiency gains. On the other hand, they impose
severe constraints for human actors involved in the pro-
cess. In reality, people tend to vary the routines, make con-
cessions and negotiate informally. These work practices
should actively be supported by business process manage-
ment solutions [18]. Current systems, however, offer no
satisfactory support for such practices.

People document knowledge on process variations in
an unstructured, informal way, e.g. as notes, post-its or
sketches. Paper in general and handwritten documents
in particular – in computer supported work environments
complemented by electronic notes, memos and even emails
– are still common in this context, due to their flexibility
and ease-of-use [14].

Looking at business processes and the role a human ac-
tor plays in these processes from an organizational per-
spective, allows for easier management of an organization’s
processes. In reality, however, a single person is simultane-
ously involved in various processes, she even plays several
roles in a single process. This requires a new modeling
perspective, focusing on the individual involvement in pro-
cesses [5].

As a result, knowledge documented by individuals is
subject to the very same conditions: A post-it on an em-
ployee’s desktop could convey information on any of the

current processes this employee is involved in. Information
might be spread on several separate locations and media,
jointly representing knowledge relevant to a single busi-
ness process, or a combination of the processes a person
is involved in.

This leads to the question: How could the process man-
agement solution benefit from the informally specified, het-
erogeneously documented knowledge acquired during the
process of regular human work?

As solution, the concept of unstructured interaction is
introduced. Conveying information to contribute knowl-
edge to a business process is regarded here as a form of
interaction with the process itself. There are no constraints
on the contents, form or location of information, so it is
unstructured in its nature. This unstructured interaction
can be decoupled from the current state of the process and
the medium used to interact with and subsequently be re-
integrated into the process, using process and user context
models combined with a semantic analysis of the contents
of information. It is therefore also unstructured regarding
to the structured process.

2 Scenario
To illustrate the concept of unstructured interaction in busi-
ness processes, consider the example of Sally and Tom.
Tom is an employee working as floor man in a large gro-
cery store. Sally is a customer in the very same store. From
the perspective of the store keeper, both participate in the
business process of selling goods. Sally in the role of an
external actor (customer) and Tom as an internal actor (em-
ployee).

Sally is a working mother of three children, she has only
limited time resources for grocery shopping and needs to
plan her tours. As a result, Sally relies on a handwritten
grocery list to organize her shopping. She tried organiz-
ing these shopping tours on her smart phone, but eventu-
ally fell back to the handwritten list which allows for easier
and more natural planning. Today, Sally enters her favorite
store and discovers an information sign telling her of a new
digital grocery shopping assistant offered by the store.

Curious, Sally reads more information about the pro-
gram. It turns out that the store offers an application Sally
might load on her smart phone, capable of aiding Sally’s
shopping tour by revealing the location of goods and doing
some approximate pricing calculation for her. This all will
be performed based on her grocery list. In turn, the store re-
quires the permission to evaluate Sally’s anonymized shop-
ping behavior and her grocery list. The only requirement
for participation is the possession of a smart phone and a
digital pen. Luckily Sally has both.
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She decides to use the added value application offered
by the store. To communicate this, she confirms it on her
smartphone. As Sally already wrote her grocery list using
her digital pen, she can start using the new application im-
mediately. Behind the scenes, the data on Sally’s digital
pen (her grocery list) is transferred to the smartphone. She
simply starts shopping as usual.

Meanwhile, Tom started filling the store’s racks with
items. When he went to the storage room to refill the milk
stock in the store, he discovered that the milk had acci-
dentally been delivered after the best-before date had ex-
pired. The pallet actually showed a different best-before
date than the individual cardboards. Tom decides to leave
the milk in the storage room, as it cannot be sold anyway.
He marks the damage on the checklist form he uses to track
his work when filling the stores racks. The checklist, has
no special rubric called ”damages” or even ”comments”.
So Tom crosses out the milk, and writes a short note be-
sides it (“Milk tainted”).

While Tom was busy in the storage room, Sally con-
tinued her shopping tour in the store. Eventually she ap-
proaches the rack supposed to contain the milk. Sally notes
that there is no milk left on the rack, although she intended
to buy some and therefore wrote it on her grocery list. So
Sally notes the missing milk on her grocery list with a small
cross-sign, differentiating it from the other items she found.

At this point, Sally returns home as an unsatisfied cus-
tomer, while Tom proceeds with filling the racks in the
store. Eventually, after Tom finished his tour, he reports
the situation to the store manager. The store manager files
a complaint for the damage and orders another milk pallet.
This pallet is delivered the next morning, because of the
evening delivery truck just having left its station.

If the handwritten annotations could have been pro-
cessed as unstructured interaction, the business process
management system would have been able to react more
quickly. Tom’s annotations would have been processed
immediately and forwarded directly to the store manager.
She would have been able to order the new delivery for the
same evening. Sally’s intelligent shopping assistant could
acquire the information of Sally’s desire for milk, which is
currently unsatisfiable. So it could present her with alter-
native suggestions through her smart phone, for example
directions to the next store, or the time milk will be avail-
able again in this particular store.

3 Related Work
Related work essentially falls into either of the following
three categories: Business Process Management in general,
the role paper documents play in current business processes
and pen and paper based interaction between a person and
a digital system.

3.1 Business Process Management
In the 1990’s, the concept of business processes began
to appear in literature and research [20] to describe and
manage organizational activities or even construct com-
plete business-process-centric organizations. Although no
common agreement on the definition of the term Business
Process exists due to different possible levels of abstrac-
tion, empirical studies indicate that the understanding of
business process in industry involves three perspectives: i)
structured processes allowing for easier management, ii)
methodologies to achieve business goals and iii) sociotech-
nical constructs with a focus on human interactions and re-

lationships [20]. As a result of their aforementioned stud-
ies, Vergidis, Turner and Tiwari point out that a strong pref-
erence towards the first perspective exists amongst queried
companies.

A widely accepted definition of Business Process Man-
agement (BPM) has been provided by van der Aalst, Hof-
stede and Weske. They defined it as

Supporting business processes using meth-
ods, techniques and software to design, en-
act, control and analyze operational processes
involving humans, organizations, applications,
documents and other sources of information
[19]

Based on this definition they described a business process
management system as a software system driven by explicit
process designs serving to enact and manage operational
business processes [19].

A common problem that business process management
systems have to deal with, are variations. People do not al-
ways follow structured routines, they tend to vary such rou-
tines when encountering exceptional conditions. However,
tracking or even managing variations in a business process
management system proves to be challenging. Recent ap-
proaches therefore focus on bottom-up concepts, shifting
the focus from the organizational to the individual perspec-
tive of users (e.g. [18], [12]).

An individual perspective allows for taking the interac-
tion between persons and business processes into account.
Genovese, Comport and Hayward described the changes of
processes based on the actions of process actors as person
to process interaction [5] and emphasized the need for such
concepts in BPM systems. Their informal definition of per-
son to process interaction served as basis for the view taken
in the presented approach.

3.2 Paper as Medium in Business Processes
Writing on paper essentially serves conveying information,
either focused on temporal (e.g. documentation), spatial
(e.g. writing a letter) or social (e.g. communication, collab-
oration) aspects. With traditional paper still being a preva-
lent medium in business processes [14], conveying written
information is an essential part of current work practices.
Professionals, especially knowledge workers, tend to use
handwriting for informal note taking [4].

Traditional paper affordances are numerous. Paper pro-
vides a very robust, flexible, mobile and cheap medium
compared to most digital systems [14], allowing instan-
taneous interaction without annoying start-up times [21].
However, digital systems offer also clear advantages when
it comes to information management, hyperlinking, com-
munication etc. least to speak of processing and compu-
tation capabilities. Integrating both worlds, bridging the
gap between the physical information documented on tra-
ditional paper and the information stored and managed in
digital systems, has been the goal of many approaches (e.g.
[21], [17], [6], [10]).

3.3 Pen and Paper Based Interaction
Pen and paper based interaction (PPI) describes a form of
interaction between a user and a digital system using paper
and a digital pen as input media. A digital pen essentially
is an ordinary pen capable of tracking its movements either
in relation to other media (e.g. paper or a display device)
or in an absolute fashion. Whether a user actual inks the
document, i.e. physically alters the structure of paper by
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letting ink colorize certain locations, depends on the type
of interaction. Gesturing on paper without inking also falls
in the category of PPI. An empirically validated set of ba-
sic interactions between users and digital systems through
usage of paper and digital pens can be found in [17]. Addi-
tionally, a set of potential usage scenarios for pen and paper
based interaction techniques is described in [4].

The Anoto Pen
Digital pens facilitate pen and paper based interaction. A
prominent example for such a digital pen is the Anoto pen
[1]. It is employed in most current PPI based user interfaces
([21], [17], [6], [10], [16]). To track pen movements, this
technology relies on a proprietary dot-pattern. The pattern
is printed onto traditional paper. A camera built into the
Anoto pen scans the page for this dot pattern. Based on the
scanned dots, the absolute position of the pen on paper can
be determined. It is even possible to uniquely identify the
page the pen is moving on.

Anoto based interaction allows more than conveying in-
formation on paper through inking, which then is trans-
ferred into a digital system. Gesture systems have been
built to allow control of digital functionality thus narrow-
ing the gap between the physical and digital world even
further (e.g. [8], [17]). However, a problem special to
pen and paper based interaction is the feedback channel.
While the pen itself potentially leaves physical marks on
paper by inking it, providing digital feedback requires ad-
ditional concepts. To compensate this, Liao, Guimbretière
and Loeckenhoff designed a prototypical extension to the
digital pen, which is capable to provide visual, acoustic
and haptic feedback [9]. Newer digital pens also employ
similar feedback mechanisms [13].

3.4 Summary
If a business process management system supports pen and
paper based interaction, information conveyed on paper
could be integrated into the process using unstructured in-
teraction. Beaudouin-Lafon described two essential levels
for analysis and design of interaction between a digital sys-
tem and a person [3]. Interaction paradigms provide a user
centered high-level conception of the phenomenon of inter-
action, while interaction models offer operational descrip-
tions of the course of interaction. Interaction models, such
as for example instrumental interaction [2] or direct ma-
nipulation [15], provide guidelines for interaction design.

Reality based interaction provides a conceptual frame-
work on a higher layer of abstraction [7], a specialized view
on interaction between people and digital systems designed
to conceptualize evolving interaction techniques. However,
none of these approaches is suitable to describe the concept
of unstructured interaction as presented in this paper.

4 Unstructured Interaction
Unstructured interaction essentially provides a different
view on the course of interaction than traditional ap-
proaches. It differs mainly by not assuming that there is an
underlying structure for interaction, a common language
both interacting entities are required to understand com-
pletely. Instead it assumes that one entity acts and the other
entity reacts based on its interpretation of this action. In
the following, this concept is elaborated on with the goal to
derive a definition of unstructured interaction by discrimi-
nation.

4.1 Structured Interaction
Interaction describes a phenomenon where the actions of
two entities mutually affect each other. In case of interac-
tion between a person, referred to as the user, and a digital
system, the actions of the user affect the internal state of
the digital system, while the perceived system state affects
the actions of the user. The hardware and software compo-
nents allowing the user to interact with the digital system
are commonly referred to as the user interface (UI).

Traditional UIs, such as the widely known graphical user
interfaces (GUI) predominantly employed in today’s com-
puter systems, restrict the possible way’s of interaction.
Only a limited set of control actions is supported and their
affordances are exposed by the system. The UI thus ideally
provides a set of necessary and sufficient actions to control
the system, a control language the user needs to understand.
In the following, interaction based on such a concept is re-
ferred to as Structured Interaction. An example for UIs
based on structured interaction are today’s (still) predomi-
nant WIMP interfaces (Window, Icon, Menu, Pointer).

A drawback of such an approach is that only those ac-
tions the UI designers considered are supported. Further-
more, mechanisms to distinguish valid actions from invalid
ones are needed. Designers need to pay attention that the
affordances communicated by the system and controls pos-
sible through its UI match (c.f. Norman’s Gulf of Execu-
tion[11]) and that no illegal states are possible.

4.2 Unstructured Interaction
Unstructured Interaction takes an alternative approach to-
wards the problem. No structuring of the interface by active
restriction is presumed. Users might express their inten-
tions only limited by the physical constraints of the user in-
terface: the system strives to understand the actions of the
user and interprets them. UIs based on natural language
processing provide an example for user interfaces of this
category. The problems for the designer shift form restric-
tion and affordance control, to understanding. This leads to
our definition of unstructured interaction:

Unstructured interaction describes interac-
tion which is not based on the underlying struc-
ture of a formal language completely under-
stood by interacting entities. Interacting enti-
ties strive to understand each other by interpre-
tation, resembling the informal form of human
communication.

Following Beaudouin-Lafon’s approach to analyze the
phenomenon of human computer interaction [3], the prin-
ciple of unstructured interaction encourages the computer-
as-partner interaction paradigm. In such an interaction
paradigm, the user delegates tasks to the computer. How-
ever, UIs designed to support unstructured interaction
might also be employed in systems supporting different in-
teractions paradigms (i.e. computer-as-tool, computer-as-
medium).

4.3 Unstructured Interaction in Business
Processes

Bringing information conveyed on physical documents into
intelligent business processes essentially forms an interac-
tion between a person and a process. The person, with re-
spect to the process here referred to as actor, conveys some
information relevant to the process. The process reacts to
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Information

Context

Figure 1: Interaction between persons and business pro-
cesses

this information, meaning that its further flow of execu-
tion depends on the information. This in turn affects the
actor by changing her context, as she is playing a role in
the process. Consequently, the actions of two entities mu-
tually affect each other, as shown in Figure 1 and we can
speak of interaction. Following the terminology introduced
in [5], such interaction is here referred to as person to pro-
cess interaction. BPM systems designed to support intel-
ligent business processes have also to provide support for
person to process interaction: an appropriate user interface
is needed.

Using structured interaction in person to process interac-
tion means that the information conveyed needs to be for-
malized. However, formalization contradicts the informal
way information is gathered and documented throughout
the process of work and results in loosing part of the infor-
mation. Only those interactions the system designer con-
sidered beforehand are allowed, which is by definition not
the case under exceptional conditions.

Person to process interaction based on the concept of
unstructured interaction contributes to the solution of such
problems. User actions are interpreted by the system. It
analyzes information obtained from user actions, generates
knowledge on the current situation and re-integrates this
knowledge into the managed process. Although the sys-
tem itself is unable to process information it cannot under-
stand, the borders which information potentially could be
included at which point in time would become softer.

4.4 Pen and Paper based Interaction (PPI) in
Business Processes

The absence of a formal structuring for the contents of
blank paper (“what” can be written on it) serves the need
to convey any desired information. For example, engineers
might convey information consisting of a mixture of mathe-
matical formulae, technical drawings and written sentences
to document a specific design idea. A text entry field on
their computer or smartphone simply does not allow to do
so, unlike an empty sheet of paper.

Recent studies corroborate this. Chapman, Lahav and
Burgess report in their field study on handwritten documen-
tation practices in enterprises a free mix of text, drawings,
mathematical symbols and drug or term abbreviations, and
a distribution of information on many, sometimes casual,
paper artifacts [4].

Paper is commonly used in current work practices [14].
A lot of information important to business processes re-
sides on paper artifacts. Thus it cannot be accessed by
the business process management systems employed. In-
formation conveyed on paper artifacts is heterogeneously
documented, informal and unstructured. Hence it can be
concluded that pen and paper based interaction between a

person and process needs a user interface based on an un-
structured interaction concept, rather than limiting the po-
tential by artificially structuring the interaction. The system
needs to understand as much as possible of the information
conveyed by the user, without the guarantee to understand
the complete information.

5 Support of Unstructured Interaction in
Business Processes

Granted that interfaces based on the concept of unstruc-
tured interaction contribute to the solution of integrating
knowledge in business processes, the question remains how
to realize such interfaces. How would actual system sup-
port be realized? How could the sheer complexity of infor-
mally specified information be handled?

The central idea to reduce complexity is to take the con-
text of interaction into account. Formal process descrip-
tions of business processes being executed provide such
structured context. It can be assumed, that the current tasks
an individual person is involved in are available. Based on
these individual tasks, the interaction itself can be inter-
preted and related to the ongoing activities. So the formal
process description provides a structural framework for in-
formal information.

5.1 The Interaction Processing Pipeline
As shown in section 4.4, pen and paper based interaction
(PPI) provides an example of unstructured interaction in
the domain of business processes. Figure 2 displays the
relevant aspects of unstructured interaction support for pen
and paper based interaction. As you can see, realizing un-
structured PPI involves the following steps

(i) Process

(ii) Understand

(iii) Integrate

Processing describes the conversion of raw inking or
gesture data to meaningful constructs. Samples of pen po-
sitions are transformed into strokes and gestures. Strokes
and pen movements on a document are segmented into ar-
eas containing drawings, written information, formulae etc.
Knowledge on the process context could already be used at

Process

Understand

Integrate

Information Effects

Figure 2: The interaction processing pipeline for pen and
paper based interaction in business processes
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the processing stage to identify written objects. For exam-
ple, if a sales agent inks a note while she discusses some-
thing with a client on the phone, the information might
more likely be text than formulae.

Understanding takes the processed information and in-
terprets it. Information is placed in the context of current
processes and a semantic model of this information and its
relation to a current process is derived. Then the appropri-
ate processes to which this information might be relevant
are identified. Naturally, this step also relies on the current
process context.

Integrate finally uses the semantic information model
and the process context to integrate the information into
the process. The general process model and its currently
running instance are analyzed and the optimal type of inte-
gration is determined. Such integration might for example
be choosing an alternative flow, firing a process event or
altering a process artifact (i.e. a document).

A business process management system supporting un-
structured PPI will have to address these issues. It needs
to employ an information or rather interaction processing
pipeline and adequate business process context models.

5.2 User Based Perspective
It has been shown, that a user centric perspective in busi-
ness process management based on the work of individuals
involved in process provides several benefits [18], [12], [5].
Following a user centric approach to realize person to pro-
cess interaction based on the concept of unstructured inter-
action therefore requires the business process management
system to take the multiple roles a user might play in sev-
eral business processes into account. The motivation and
rationale behind user participation in the business process
is another relevant aspect contributing to context informa-
tion.

Essentially, users, or to be precise actors, in business
processes could be grouped based on their motivation or
goals into

(i) internal actors

(ii) external actors

Internal actors are entities carrying out work activities
with the goal to advance the business process. Incremental
advancement ultimately results in the completion of a busi-
ness process. In typical constellations such actors are em-
ployees or systems of the organization executing the busi-
ness process, although exceptions are thinkable. Goals of
internal actors are related to the goals of the business pro-
cess as a whole generally speaking. On the contrary, Exter-
nal actors are entities carrying out activities based on goals
unrelated to the goals of the business process. Such actors
are in most cases customers or external systems.

Interaction between the process and a user depends on
the role this user assumes. Consider internal actors, which
contribute to the advancement of a business process inten-
tionally. Therefore the state of a current process instance
provides a strong indicator for processing of information
written by internal actors.

External actors might also convey written information.
In their case, the state of an organizations business pro-
cesses does not necessarily provide an indicator for the con-
text of written information. However, compared to infor-
mation conveyed by internal actors, their information might
not be as relevant regarding the business process.

Based on the user role, two complementary use cases
for unstructured pen and paper based interaction in busi-
ness processes can be identified. They are illustrated in the
scenario in section 2. Although this selection of use cases is
far from complete, it illustrates usage of the same concept
in two complementary applications.

The first use case shows how internal actors annotate
documents with information relevant to the process (c.f.
Tom and the comments he made). The second use case de-
scribes integrating informally specified information from
external sources (c.f. Sally and the grocery list). Both
are merged into a single scenario, to illustrate the inter-
connection between informations and several simultane-
ously executed processes (c.f. the supermarket’s process
and Sally’s personal shopping process).

6 Conclusion and Research Perspective
The contributions of this paper are twofold. First, the
concept of unstructured interaction was defined and elab-
orated. Its importance and applicability in integrating
handwritten information into business processes was high-
lighted. Second, an initial guideline for the design of busi-
ness process management solutions based on such an in-
teraction concept has been proposed. Relevant processing
stages for handwritten information in business processes
have been pointed out. Such processing bases upon the
structural framework provided by a formal process descrip-
tion employed in the business process management system.

The key questions for further research on the subject
are oriented on the three aspects introduced in section 5.
i) Concepts to process and model information conveyed
on paper are needed. Even at this early stage the role of
the process context and its potential impact has to be re-
searched. ii) The question how to understand such infor-
mation in the process context needs to be addressed. iii)
An adequate approach to integrate this information into the
business process will be needed.
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