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Abstract. This paper aims to investigate the possibility to include aspects of forgetting
into business process modeling. To date, there is no possibility to model forgotten or to-be-
forgotten elements beyond the mere deletion. On a first attempt, we focus on the individual
level and model knowledge transformation within a single person. Using the Knowledge
Model Description Language, we propose ways to include different forms of forgetting into
the realm of modeling notations. Using data from an experimental setting within an assembly
line production environment, the feasibility of those new modeling notations is tested. So
far, the applicability of modeling features for forgetting on the individual level is mostly
restricted to a research context. However, clear requirements to transfer the notations onto
the team- and organizational level are set out.
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1 Introduction

Most task in the work context require that previously acquired knowledge has to be put into action.
Companies spend large amounts of money on training for their employees and to accumulate more
and more knowledge about their business objects, their tools and their social interaction. However,
when thinking about the transformation of businesses, learning alone might not be enough. Em-
ployees might still possess knowledge about former means and ends of their tasks which are not
considered feasible anymore. This unwanted knowledge can be overpowered by newly learned con-
tent, yet as psychological research shows, there are methods to increase the chance of successfully
putting aside obsolete information [1].

Forgetting is an essential and most functional feature of the human brain, although it is much
more often perceived as a failure and weakness of memory [25]. This contempt of the adaptive
nature of forgetting might be due to the fact that when forgetting happens, we most often just do
not realize it. If we loose something unimportant, how would we know? Plus, given the assumption
that memory items serve the purpose of dealing with the present and anticipating the future, all too
detailed knowledge about the past does not help with finding patterns and drawing conclusions [30].
Taking the human brain as an analogy to a companies knowledge base, it is easy to assume
that also companies could profit from forgetting mechanisms [33]. Whenever change is needed in
order to adapt to new working conditions, the process of adaption asks for the acquisition of new
knowledge. Usually the decision what to acquire is derived from assumed future needs. However, the
starting point of the change, the current knowledge base, is much less often considered, although
previous knowledge partly determines what can be learned easily [15]. When prior knowledge exists,
additional knowledge can much easier be added to that, compared to a new topic being learned from
scratch. On the contrary, the knowledge which became obsolete and thus needs to be substituted
is much harder to erase, as this outdated knowledge can interfere with the new to acquire one,
especially the more the fact is over-learned and routinized [1,6]. Due to these phenomena it matters
whether change needs learning of new information or the substitution of old information. When a
production process is altered, for example to include new technology, the workaround changes in a
way that some parts become obsolete and some are added to the original one. This means workers
learn and substitute information, which requires different cognitive capacities and attentiveness,
respectively. On the individual level the desired transformation can be described by means of the
concept of intentional forgetting [19].

Forgetting is not limited to the individual level. Changes in the organizational context often
touch entire business processes. Forgetting therefore also occurs on the process level, where tasks,
teams, work environment and interaction patterns are changed. This also includes the discharge of
obsolete processes, knowledge and rules [8]. Organizational forgetting than interacts with individual
forgetting, which can enforce or hamper the adaption process.
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Organizational change is usually guided by management measures. One way to describe the
transformation is to use formalized business process models. They depict the tasks, resources and
relationships in their initial state and provide a specification of the desired state. In order to aid the
organisational transformation, individual forgetting can be directed. To identify potential knowl-
edge resources and settings that hamper this process, business process models need to encompass
forgetting. Therefore the central research question in this paper is: How can different forms of
forgetting be modelled in business processes?

To answer this question, we first explore which organizational elements are involved in forget-
ting. To this end, the level on which forgetting occurs and the necessary requirements are defined.
This is substantiated by different types of forgetting from psychological theory. These findings are
conflated into an approach to capture forgetting in business processes. We demonstrate the feasi-
bility of our modelling patterns by deploying the approach to process changes in an experimental
setting.

2 Forgetting within business processes

Business process modelling is an approach to cope with the complexity of business processes. In
most cases those models depict the resource allocation and the resource flow transforming inputs
to outputs within an organization. Depending on the perspective taken, they can concentrate on
different business aspects. As most companies already deploy some sort of process management,
tasks and resources are already mapped out inside the company [24].

A precise modeling of business processes helps with the understanding of complex intertwined
processes within a company, and thus can most perfectly be used to also map change processes. The
old process can be mirrored, presenting the status quo, whereas the new process then represents
the vision, the goal which is aimed to achieve. Comparing those can shed light on those parts which
will become obsolete and uncover those gaps where new knowledge needs to be acquired. Thus,
also the analysis of the elements which need to be forgotten can be part of the change-strategy.

However, the most prominent modelling notations (e.g. BPMN, eEPC or UML) only concen-
trate on tangible resources such as machines, personal, information, their association and their
transformation flows. Here forgetting can only be observed by a change in the association pattern
or if flows of tasks are altered. They disregard the individual level. Yet, most activities within the
economy are knowledge intensive, meaning that their inputs and outputs are diverse and uncer-
tain [7]. Therefore a business process is knowledge intensive if value can only be created by the
fulfillment of the knowledge requirements by the process participant [11]. The above mentioned
modeling notations do not have the ability to describe the use and transformation of knowledge
within business processes. Only a few extensions provide the means to capture these intangible
resources and processes. Sigmanek and Lantow [31] provide an overview over these modeling no-
tations. Modeling elements can be used to provide a precise and realistic representation of the
knowledge development of individuals, groups and organizational units. This representation can
be used to identify individual knowledge gaps but also knowledge elements which are unneeded.
We argue that forgetting is a dynamic knowledge transformation process similar to learning, which
can be captured by related concepts.

So in order to define the specifics of an approach to model forgetting in business processes,
the requirements for such a notation need to be deducted from modeling theory as well as from
psychological findings regarding forgetting.

2.1 Requirements for modeling forgetting

In accordance with the Guidelines of Modelling [3] the approach to model forgetting has to be
relevant, correct and economically efficient. Furthermore models should be clear, comparable and
systematically designed. We therefore derive the requirements from the first three aspects of the
modelling guidelines. The latter three are used in the development process as validation points.
Relevance as the first criteria requires the selection of a specific domain or purpose, which the
model serves. The purpose of our models and hence the developed modeling approach is to aid the
change in business processes by facilitating intentional forgetting. We therefore need to consider
the relevant elements of forgetting and their dynamic association. The latter can be defined by
different types identified in section 2.3. The elements of forgetting in business processes however
can be derived from a definition of forgetting and a thorough analysis of the entities involved.
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We have to distinguish two different levels on which forgetting can occur. On the individual level
forgetting can be defined as the failure or inability of an individual to retrieve previously acquired
memory items [27]. Forgetting is therefore a psychological process which describes changes in the
accessibility of the individual’s knowledge base.

This is also true on the organizational level. However, the organizational knowledge base differs.
Where the individual’s knowledge can be described neurologically, the organization’s knowledge
is distinctly social, containing it’s members individual knowledge as well as the rules, norms and
values governing the interaction [19].

In order to model forgetting, the individual level is a good point of reference which can be later
extended to include interaction and governance. The focus on the individual level influences the
requirements for the modeling notation. Most notations use a generic approach to model business
processes. They operate on a schema level. Since knowledge and forgetting are highly individual
and time dependent, this is not sufficient for our modeling purposes. Forgetting occurs in specific
process instances with specific resources and tasks. The first requirement is therefore: A notation
to model forgetting should be able to capture knowledge flows and transformations on an instance
level.

Closely related to the instance-level-requirement is the necessity to capture the relationship
between knowledge and its bearers. Some modeling notations only semantically describe knowledge
as a relation of different knowledge items or their association to different tasks. This general
description does not capture the personal task execution which puts knowledge into action. No
conclusions about individual forgetting can be drawn from this modeling perspective. Furthermore
the semantical description of knowledge cannot be used to aid the change of business processes.
Since most measures of change management are either related to the allocation of employees to
tasks or to the skill set of these employees, we propose the second requirement, which accounts for
the central role of the employee: sufficient modeling notation needs to provide means of describing
concrete knowledge-person-task relations.

In order to capture the dynamics in knowledge development a mere semantic indication of which
knowledge objects exist and their relations is not enough. Each knowledge object can undergo
a shift within itself. Concrete knowledge from experience can become more abstract with some
theoretical foundation or a number of observations. Knowledge acquired from books on the other
hand can be complemented with experiences from concrete interaction with the environment.
Also knowledge can be tacit or explicit, depending on the degree to which its content can be
articulated. These shifts and dynamics have to be captured in order to distinguish different levels
and gradual development in forgetting. Where shallow structures of explicit knowledge can be
forgotten more easily, forgetting will be much more complicated for knowledge in deep structures
which is intertwined with other knowledge elements. Knowledge therefore has to have some kind
of quantification, possibly in multiple dimensions. Our third requirement is therefore: Knowledge
objects should possess a sufficiently dense description. They should not only name the content, but
offer enriched information about the level of insight and skill which an actor possesses.

In summary, the following three requirements are used to ensure the relevance of the model-
ing approach. A sufficient modeling notation should: 1. be able to capture knowledge flows and
transformations on an instance level (instance). 2. provide means of describing concrete knowledge-
person-task relations (person). 3. provide a dense description of knowledge objects exceeding mere
semantic description (operationalization).

2.2 Evaluating existing modeling approaches

To select a suitable notation of modeling forgetting in business processes one can either develop
a new modeling language from scratch or extent a suitable existing approach. With regard to the
correctness and efficiency goal of modeling [3] the selection of an appropriate existing notation is to
be preferred. First of all, the foundation of an existing meta-model can ensure syntactic correctness.
Also semantic correctness can better be achieved with regard to an existing notation and procedure
model from a related domain.

As it was brought forward in section 2.1, forgetting is strongly related to knowledge dynamics
and knowledge management. There is a variety of possible approaches to model knowledge intensive
processes [9,10] however most approaches are bound to a specific domain. The following approaches
originally brought forward by Sigmanek and Lantow [31] will be described in short and then
evaluated against the requirements laid out in section 2.1:
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— Declarative Configurable (DeCo) [28]

— Business Process Oriented Knowledge Management (GPO-WM) [17]
— Knowledge Intensive Process Notation (KIPN) [22]

— Knowledge Modeling and Description Language (KMDL) [11]

— Knowledge Process Redesign (KPR) [2]

— PROMOTE [18]

DeCo [28] has the primary objective to aid process execution for tasks which are only partially
structured. It deploys declarative modeling, model verification and variability modeling techniques.
The basic assumption is, that in knowledge intensive processes the flow of tasks cannot be pre-
defined and has to be generated on the fly. DeCo-models are therefore maximally configurable
and have no fixed constrains. In the modeling process pre-defined (structured) process parts are
modeled separately from knowledge intensive processes which are defined during deployment of a
process model as an instance. DeCo is therefore able to model at the instance level. However due
to the strong process and task automation focus, DeCo does not provide a link between knowledge
and person, although it is an adaption of the BPMN-standard with optional objects. Further-
more is doesn’t provide any possibility to describe the knowledge elements in the processes more
thoroughly. GPO-WM [17] has been developed in order to capture the basic tasks of knowledge
management: generating, storing, transferring and applying knowledge. It is more a procedural
model than an actual modeling notation. It does not provide any predefined attributes and there-
fore produces vague and incomparable models. Also there are no means to analytically assess
the models. GPO-WM only provides guiding questions and best practices to aid the identified
knowledge management tasks. It therefore does not fulfill any of the requirements.

KIPN [22] is based on the findings that standard modeling notations such as BPMN or EPC do
not provide the means to address the requirements for knowledge intensive process [26], especially
they do not capture poorly structured processes, knowledge transfer, the relationship between
different processes as well as the short lifespan of knowledge. KIPN therefore develops an ontological
approach with five different diagrams. It captures business rules, decisions and control flows on a
process level. On the individual level it uses intention diagrams to depict individual motivations
and motivation chains for specific tasks. The interaction between different employees is displayed in
socialization diagrams, which address the flow of communication. The detailed modeling approach
fulfills the instance and knowledge-person requirement. However, knowledge objects are only named
not operationalized. Hence KIPN fails this requirement.

KMDL [11] provides different means to identify and model knowledge intensive processes. Its
main goal is to capture the knowledge transitions laid out by Nonaka and Takeushi [23]. It relates
tasks from the control flow (process view) to knowledge transitions like socialization, external-
ization, internalization and combination in the activity view. Each activity constitutes a process
instance in which knowledge which is bound to a specific person is altered or transferred. In a
further development knowledge objects are attributed with quantifiable measures for their expli-
cability, generality, experience-boundness and level of insight [12]. It therefore fulfills all of our
requirements.

KPR [2] focuses on the tasks of knowledge access and sharing. Its main objective is the config-
uration of knowledge management systems and the integration of these systems into the process
flows. In order to achieve this, it is integrated into the ARIS-framework and uses EPC to cap-
ture the process and knowledge flows. EPC is extended by knowledge structograms which identify
knowledge carriers, categories and needs. The combination of the process model and the knowl-
edge structogram enables KPR to identify unmet knowledge needs, monopolies and inadequate
employee profiles. Respective measures can be taken to ensure the efficient access to and sharing
of knowledge by means of technological knowledge management systems. Since it is operating on
an abstract process level, it does not consider specific instances. However it captures persons and
their knowledge and allows to assess the value of this knowledge within the business process.

PROMOTE 18] also focuses on knowledge generation and search within business processes.
Its aim is to integrate these tasks into a software solution. The notation is used to distinguish
different knowledge flows from external actors into the company, from the company to the envi-
ronment and within the company. The resultant software solution is designed to aid these flows
and make them more transparent and efficient. The PROMOTE-approach is technically oriented,
but considers process instances in its modeling. Knowledge is only viewed abstractly, it is therefore
not operationalized and not linked to its carriers.
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Approach Instance Person Quantification
DeCo yes no no
GPO-WM no no no
KIPN yes yes no
KMDL yes yes yes
KPR no yes yes
PROMOTE yes no no

Table 1. Fit between approaches and requirements

Evaluating the six modeling approaches generates the results in Table 1. We find that KMDL
[11,12] is best suited to fulfill the requirements defined in section 2.1. We therefore use its elements
and notations and adapt and extend their usage. We concentrate on the activity view where concrete
knowledge transitions are modeled. As we have defined the purpose and the means of modeling
forgetting, we need to further differentiate different types of forgetting before we can generate an
approach to capture forgetting in business processes.

2.3 Types of forgetting

So far, forgetting was portrayed as a unitary concept, which is based on the definition that forgetting
describes the inability to retrieve once known information. However, there are several ways how this
inability is caused. The most common forms are trace decay, interference, cue-dependent forgetting
and intentional forgetting, which will all be explained shortly.

Trace decay is the simplest form of forgetting, where the association with a knowledge content
weakens over time due to not-activation. This alleviated association drops under a threshold where
a memory content can then not be remembered anymore [21]. The result is the appearance of
memory loss.

Another form of forgetting is interference, which happens when associations to old memory
content weakens due to the acquisition of a new but similar memory content (this is called retroac-
tive interference. Proactive explains the phenomenon that new memory content cannot be learned
due to old and similar memory content, but since this focuses more on learning than forgetting,
we only consider retroactive interference) [6]. The result of retroactive inference is again a weak-
ened association which can lead to the inability to recall the memory, whereas the new memory
content was learned and thus can be remembered. In literature, it was long debated whether true
decay happens, or if all memory loss is rather due to interference of some sort. Newer studies
show, that both mechanisms take place, but it depends on the kind of memory how it might be
forgotten [16,29].

Another way how memory content can become inaccessible is due to its cue relation. In cue-
dependent forgetting, a memory content gets associated with a cue during the encoding process. This
cue can be of any sort of sensory input [19]. If this cue is not present, the memory content will most
probably not be recalled. Yet, there is a chance though, that the original memory content became
over-learned over time, so that it can be remembered, even without the cue (called generalization)
[32].

A special form of cue-dependent forgetting takes place when two different memory items get
associated to the same cue (called cue-overload). If the cue is present, four different scenarios can
happen: the new memory content could get retrieved at the cost of the primary memory content.
Second, only the first memory content could be retrieved, if this association is strong enough to
compete with the newly learned, and thus still weak association of the second memory content.
Third, both memory items could be retrieved, which might result is a confusion-like state. Forth
and last, the cue can become obsolete and thus no memory item gets retrieved.

The former types of forgetting are all of mere passive, thus accidental form. However, if a person
actively wants to forget, we speak of intentional forgetting. Here, the instruction to forget, coming
from outside or within a person, leads to a suppression of associated or retrieved knowledge, when
the memory item became obsolete [19]. It is actually quite difficult to predict what happens to the
information, because the suppression of knowledge does not automatically lead to decay, although
it is possible. Some evidence even points to the opposite effect, that when information purposefully
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shall be forgotten, it gets better remembered, at least at a subconscious level [5]. We use the
concept so far in a pragmatic way, by defining it as the purposeful not-usage of information, no
matter the actual cognitive presentation.

3 An Approach to Model Forgetting

The only way to model forgetting with current approaches is to delete obsolete objects. By compar-
ing two models of the same process, the deleted elements are identified as forgotten. This approach
does not allow for the detection of the forgetting process and its impact on related elements.
Coming from classical modeling theories, a conflict arises based on the premise of parsimony in
modeling [24]. In order to manipulate forgetting it has to become visible and detectable. It thus
takes a concept shift, so forgotten elements are not perceived as simply gone, but as still useful
elements. There are different levels within an organization where forgetting can be of importance
and thus should be detected in order to use it within business process modeling: individual, team
and organizational [4].

Our modeling approach is based on the elements provided by KMDL: knowledge object, person,
conversions, information object as a cue and requirements (compare Table 2, for detailed explana-
tion see [13]). In KMDL information objects are part of the knowledge flow, e.g. as an output from
an externalization. The flow is depicted with a directed edge. Since we use information objects as
cues in the forgetting process, they need to be modeled differently. A cue can activate the retrieval
of a knowledge object. It therefore governs the association between a knowledge object and its
carrier. We therefore use an un-directed edge associated with the connection between person and
knowledge object to depict this relationship.

Objective Representation Description

Knowledge object square-like vertice illustrates knowledge, competences, skills,
experiences, attitudes and behavior of a person

Person oval-like vertice represents a knowledge keeper, like a real person
within the organization

Information object arrow-like vertice represents explicit knowledge, which can exist

outside of a person

Requirement square-like vertice with symbolizes what is needed in order to fulfill a
two concave lines conversion, like a tool or certain soft-skills
Conversion oval-shaped vertice an activity within a knowledge flow, according

to the types of knowledge conversions laid out
by Nonaka and Takeushi [23]
Knowledge flow an undirected edge depicts the association between a knowledge

object and its carrier

Table 2. Elements of KMDL

So far, KMDL represent a static process, whether the status quo or the vision of the goal
process. However, per definition, forgetting can only be addressed with a focus on knowledge
dynamics. We solve this issue by introducing several time points, focusing on changes over time.
We can thereby model forgetting as multi-step processes reaching from tg to t,. Further, since
learning is a precondition for forgetting, we start the modeling with an already learned and thus
associated knowledge object.

As explained above, decay describes the simplest form of forgetting, where the once learned
association with a knowledge object lessens over time, until it cannot be retrieved anymore (see
Fig. 1). The decaying association is modeled using a dashed instead of a solid edge and represents
the inability to recall the knowledge. This representation is a newly added feature of KMDL and
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represents the elementary type of forgetting as a foundation for all other types of forgetting. We
specify the representation of forgetting as a decayed association (dashed line) between a person
and an knowledge object.

Knowledge Knowledge
Object Object

to t

Fig. 1. Modeling memory content loss due to trace decay.

Interference is represented by a second knowledge object being learned, which has a negative
impact on the association from the first knowledge object, symbolized by a minus added to the link
of the first knowledge object. This leads at the end to a new association with the second knowledge
object, at the cost of the first (see Fig. 2). This feature is also a new one added to KMDL.

Knowledge Knowledge Knowledge
Object 1 Object 1 Object 1
- Knowledge :
—| Object2

to t )

Knowledge
Object 2

Fig. 2. Modeling memory content loss due to retroactive interference.

In case of cue-dependent forgetting, the learning takes place in combination with the cue. Thus,
the association is also linked to a cue (see Fig. 3). If the cue is then not present (dashed line),
two scenario are possible: the knowledge object can still be retrieved, due to generalization or the
information is lost without the cue, similar to decay.

Knowledge
Object

Generalization

Knowledge
Object
@ @ Knowledge Cue-dependent
Object forgetting

%)

Fig. 3. Modeling memory content loss due to an associated cue missing.

The special case of cue-dependent forgetting, cue-overload, results in even more possible sce-
narios: when two knowledge objects get associated with one cue, one of the knowledge objects can
get lost, both or none (see Fig. 4). This depends on the strength of the association and how much
it generalized from the cue.
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Fig. 4. Modeling memory content loss due to an associated cue being associated with another knowledge
object.

In case of intentional forgetting, we cannot predict what happens with the knowledge repre-
sentation. A not-usage of information could be modeled according to trace-decay. However, it is
also possible and for some kind of memory content even more plausible, that unused information
cannot be remembered over time due to interference [16].

4 Demonstration using experimental data

In order to test the presented modeling approach for forgetting, and especially to better under-
stand the case of intentional forgetting, we provide an example using actual behavioral data from
an experiment. In the experiment she learned a special part of the production of (virtual) knee
implants. The experiment took place at a digital 4.0 industry research laboratory [20], where the
participants learned in teams of three to produce knee implants with the help of an assembly line,
diverse machines, robots and tools (in detail, see [14]).

The participants learn the production process according to their working station, thus they
acquire special and quite detailed knowledge about the production process. During a first session,
participants first learn their part in the production process and then together produce as many
knee implants as fast as possible. Within the following three weeks, the participants practice
the production routine using an online application at home. At the start of the second session all
participants are told that the production process has slightly changed, and that those changes need
to be learned and performed. Thus, an instruction to forget parts of the old process is implicitly
made. This design allows for the study of intentional forgetting, because we assume that the process
learned at the first session has to be intentionally suppressed in order to correctly perform the new
process at the second session.

to

MEE |
nowledge refill fi P select program production
( traiige (et o s it s | omenima |7 pmsciring o yro-{ Fonaer
res the working plan ) milling

according to the
working plan

Fig. 5. Modeling a segment of the original production process during the first session.

We demonstrate our modeling approach by focusing on the performance of one participant and
her performance for a part of the experiment. The participant was randomly chosen from a pool of
participants who performed 100% correct in the first session according to the instructions. Thus,
we assume a stable acquisition of knowledge. We focus on the part of the process (Fig. 5), where



An approach to model forgetting 9

Sk
test

select parameter nowled
acmr:ilng wal the knovdedge check for additives about test
working plan

ele pram}ram
according to
?r?eemkln plan

i
?)

8]

working plan

Fig. 6. Modeling a segment of the changes production process during the second session.
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Fig. 7. Modeling the forgotten elements of the newly learned changed production process at the second
work piece.
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the participant uses her knowledge to test for additives, which the machine needs to work on the
blank, and then decides based on the test results whether to refill or simply confirm the level of
additives. Further, the participant sets the program type and duration for the milling by checking
the working plan and selecting the right parameters on the machine. This is the correct procedure
which she over-learned during the first session as well as by using the app at home.

At the second session, a few minor changes are introduced (Fig. 6): instead of milling, only the
grinding has to be set for the machine manually, which now has to be done before the additives
are checked. Plus, after this testing, the amount of additives have to be written down into the
working plan. Thus we have now three changes compared to the original process, which needed to
be intentionally forgotten.

At the second session, the participant was first introduced to the changed process by working
on one work piece with instructions. After that, the participant worked on four more pieces without
the instruction. Observing how she managed to intentionally forget during those four work pieces,
it was found that the first of the four work pieces was done correctly, as depicted in (Fig. 6). It
is plausible that the instruction and the precise changes are still fresh in mind. The second work
piece showed a first deviation from the instruction. She missed to write down the level of additives
(Fig. 7). Thus this task is now linked by a dashed line. Work piece three and four both show the
same mistakes. Here she fell back into the old routine from the first session and again first checked
for additives, actually refilled those and then prepared the machine for grinding. Thus she did not
manage to suppress those earlier learned routines and forgot about two of the three changes (Fig.
8).

5 Outlook: Capturing Dynamic Processes in Business Models

In order to apply forgetting theories usefully in process business modeling, its tools need to be
expanded. A sole focus on the individual level in modeling as demonstrated above is rarely of
practical usage. It can be helpful for precise analyses of knowledge development within a certain
individual over time. However, interesting implications can be drawn when modeling is implemented
for the team and organizational level. Focusing on a group of individuals allows for the analysis of
patterns and general working mechanisms. In detail, certain elements which need to be forgotten in
order to adapt to a new process can be defined. Thus a change management could include not only
the acquisition of knew knowledge which is needed for the future process, but also the elimination
of old parts. This could for example be realized by taking away cues which are a good reminder of
the obsolete information.

Besides the values for change management, modeling forgetting on a team-level can also be
helpful to draw conclusions about the realization of ongoing business processes. In detail, it could
be analyzed which parts of a process are easier forgotten than others, taking performance indica-
tors from individual level and aggregate those to analyze the mean performances. To realize this
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Fig. 8. Modeling the forgotten elements of the newly learned changed production process at the third and
fourth work piece.
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analyses, modeling needs to track forgotten elements within business processes instead of merely
deleting those items. Plus, a representation of time-development beyond the mere comparison of
fixed time points is needed in order to address the performance over time, which is crucial for
understanding forgetting.

Addressing KMDL, the demands concerning forgetting are threefold: first, enhancing the per-
spective on knowledge flow to track the forgotten elements throughout an existing process and
second the modeling of to be forgotten elements within a business process, so forgetting becomes a
standard part of the process. Thus, the modeling would allow for tracking, analysis and planning
of forgotten elements, over the past, the status quo and future processes. Third, the possibility
to include aspects of the environment into the modeling is needed in order to search for cues or
analyze which production environment increases the chance of forgetting. This extension to in-
clude environmental factors is not only associated with forgetting processes, but can also be very
useful to detect learning- and performance enhancing working mechanism. However, the theory of
cue-dependent forgetting makes this especially interesting for the forgetting context.

Although this paper derived KMDL as a suitable language to expand it with the ability to
model forgetting, the overall approach could be questioned. As there are no plausible solutions to
include forgotten (or to be forgotten) elements into the general process view (as an expansion to
this proposed modeling of an individuals performance), maybe a fundamental different approach is
needed to account for forgetting in modeling. Especially as the requirements of a clear, comparable
and systematical design are not yet met. One way could be by including probabilities along with
certain actions or allow for a flexible view of different points in time where missing actions (as to
be forgotten actions) could be tracked. The proposed way to model forgetting using KMDL in its
current form and to extent it with minimal new features should be seen as a kick-of discussion of
how forgetting could be included in modeling approaches.

6 Conclusion and implications for further research

For an holistic approach towards knowledge transfer within business processes, the aspect of for-
getting needs to be included. As an ordinary and usually beneficial cognitive process, it is a natural
part of all human-including work processes. Further, using it as a tool by establishing intentionally
to-be-forgotten elements, business processes can be made more efficient [19]. Modeling is a prac-
tical method to track, analyze and optimize business processes. First steps to include forgetting
into modeling are made here, so individual knowledge development can be tracked. Concerning the
different forms of forgetting, environmental influences can be addressed as well, although limited
so far. The conduct of parsimony within modeling needs to be stretched in order to further include
forgotten elements within business processes for the sake of tracking and analyzing patterns of such.
Especially for the team and organizational level more data is needed to test modeling approaches
including forgetting features. It can be helpful that also other modeling languages are developed
in this direction, thus further theoretical and practical implications can be drawn.
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