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Abstract—This paper gives a basic guideline for the devel-
opment of trainings using serious games. It describes a
framework for the training with serious games. It shows
how to define a training goal and describes the process of
learning to reach this goal. It points out a methodology how
to design successful trainings with serious games.
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l.  SERIOUS GAMES

“A serious game is a game designed for a primary pur-
pose other than pure entertainment. The "serious" adjec-
tive is generally appended to refer to products used by
industries like defense, education, scientific exploration,
health care, emergency management, city planning, engi-
neering, religion, and politics.” [1]

With this search result we found out two important
points. The proposition of a serious game is not pure en-
tertainment and it is used by industries. Following this
definition:

In this article the first proposition is that a serious game
is for training.

The second proposition is that it is used in a real life
context, the game is authentic. This is a dissociation to
“off the shelf games” in training arrangements [2].

If we take business trainings as an example for further
education we can see that there are thousands of training
solutions for business and finance. In most cases they rely
on a drill-and-practice-pattern and impart only theoretical
and expert knowledge. These solutions are often brilliant
within their framework but lack practical aspects. And
often misses the relevance for the learner.

With this idea we’ve gotten the first point of success for
trainings — relevance of the content and a training aim. For
example we can take the field of entrepreneurship train-
ing.

Many of the solutions offered in this area rely on the
procurement of theoretical and expert knowledge pre-
sented in a training framework. What may be ideal for tax
accountants or book-keepers is not enough to promote
entrepreneurial thought on a large scale. The entrepreneur
needs additional abilities and skills to successfully de-
velop his ideas into a business model. In most cases he or
she may buy external expert knowledge — while an entre-
preneurial character can only be developed personally.

So, if we’re planning a relevant training we must en-
sure to hit the relevant aims of the learner and the de-
fined learning goals. In the example above the entrepre-
neur is a person who wants to bring an idea to the market.
Not to fill in annual tax declarations correctly.

Il.  RELEVANT TRAINING GOALS AND CONTENT

There are some questions to find out what is relevant
for the training.

e What is my training goal?
e Who is the target group?

e What kind of media is useful to hit the training goal
and can be used by the target group?

o In which framework the training is taking place?

o What are the environmental constraints of the learn-
ing environment?

o What are the general conditions for the planned train-
ing?

A. Training goal

According to Benjamin Blooms [3] taxonomy of learn-
ing domains there are three domains with several learning
goals:

B. Cognitive learning goals: mental skills (Knowledge)

The cognitive domain involves knowledge and the de-
velopment of intellectual skills. This includes the recall or
recognition of specific facts, procedural patterns, and con-
cepts that serve in the development of intellectual abilities
and skills. There are six major categories, which are listed
in order below, starting from the simplest behavior to the
most complex. The categories can be thought of as de-
grees of difficulties. That is, the first one must be mastered
before the next one can take place.

1) Categories
o Knowledge: Recall data or information.

e Comprehension: Understand the meaning, transla-
tion, interpolation, and interpretation of instructions
and problems. State a problem in one's own words.

o Application: Use a concept in a new situation or un-
prompted use of an abstraction. Applies what was
learned in the classroom into novel situations in the
work place.

e Analysis: Separates material or concepts into com-
ponent parts so that its organizational structure may
be understood. Distinguishes between facts and in-
ferences.

e Synthesis: Builds a structure or pattern from diverse
elements. Put parts together to form a whole, with
emphasis on creating a new meaning or structure.

o Evaluation: Make judgments about the value of
ideas or materials.
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C. Affective learning goals: growth in feelings or
emotional areas (Attitude)

The affective domain [4] (Krathwohl, Bloom, Masia,
1973) includes the manner in which we deal with things
emotionally, such as feelings, values, appreciation, enthu-
siasms, motivations, and attitudes. The five major catego-
ries are listed from the simplest behavior to the most com-
plex:

1) Categories

e Receiving Phenomena: Awareness, willingness to
hear, selected attention.

¢ Responding to Phenomena: Active participation on
the part of the learners. Attends and reacts to a par-
ticular phenomenon. Learning outcomes may empha-
size compliance in responding, willingness to re-
spond, or satisfaction in responding (motivation).

¢ Valuing: The worth or value a person attaches to a
particular object, phenomenon, or behavior. This
ranges from simple acceptance to the more complex
state of commitment. Valuing is based on the inter-
nalization of a set of specified values, while clues to
these values are expressed in the learner's overt be-
havior and are often identifiable.

¢ Organization: Organizes values into priorities by
contrasting different values, resolving conflicts be-
tween them, and creating an unique value system.
The emphasis is on comparing, relating, and synthe-
sizing values.

o Internalizing values (characterization): Has a
value system that controls their behavior. The behav-
ior is pervasive, consistent, predictable, and most im-
portantly, characteristic of the learner. Instructional
objectives are concerned with the student's general
patterns of adjustment (personal, social, emotional).

D. Psychomotor learning goals: manual or physical
skills (Skills)

This domain is not relevant for the serious games dis-
cussed in this article. Of course everybody using a com-
puter is learning to coordinate hand and eye. But this aim
is not relevant for the sector of serious games. Sometimes
producers of Ego shooters use this argument as a fig leaf
for their “content”.

. FRAMEWORK

If it is planned to use a serious game for training the di-
dactical concept is a constructivist learning arrangement.
The learning goal is defined with the taxonomy above and
the pedagogical concept is given by the media “serious
game”.

[The concept of a constructivist view of learning was
developed by Piaget [5] who believed that learning is not
transmitted passively “Nurnberger Trichter” [6], but at-
tained through well-defined stages by active participation
of a learner. Some concepts focus on the importance of
socio-cultural activity in learning in addition to introduce
flexible stages of development [7]. The importance of
context and “authenticity” in learning has been empha-
sized by Brown, Collins and Duguid [8]. According to
them, ““authentic activity is the ordinary practices of cul-
tures”. Lave and Wenger [9] further extend this view in
their influential work on situated learning to point out that,
“...Learning occurs through centripetal participation in
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the learning curriculum of the ambient community” [p.
100]. Where the learning curriculum consists of
*“...situated opportunities (thus, including exemplars of
various sorts often thought of as ““goals™)”” [p. 97]]

For the concept of trainings with serious games, con-
structivist authentic learning environments are defined as
those learning environments whose design is consistent
with the principles of the more recent constructivist tradi-
tion of how people learn.

They typically provide authentic contexts and activities,
access to expert knowledge, and support multiple roles
and perspectives, and they support the collaborative con-
struction of knowledge [10].

A. Framework concept for the successful use of serious
games in training

The main part of the framework is the concept of a
learning curriculum. This curriculum consists of situated
authentic working tasks derived from authentic situations
and a formal structured set of content (see figurel).

The primary components of the framework used to de-
scribe a learning curriculum are shown in Figure 2. The
“Business process derived from the real world” is a de-
scription of an authentic situation or scenario which is
derived from the real world situation of the learner (e.g.
function, event, role, performance parameter). The “avail-
able information” of the business process / authentic situa-
tion is enhanced by additional artifacts derived from the
process such as books, manuals and existing databases as
well as interaction with other learners, experts and train-
ers. If a performance parameter has a specific value, then a
specific, “successful action” by the learner is required to
bring this value to another/successful level [11].

The “task business process” is the subset of the authen-
tic situation that is relevant to the learner.

The “adaptation” is the primary construct in this frame-
work and represents what is “learned” under the con-
straints of the “task business process” and the con-
straints/competencies from the learner. The “constraints of
the learner” contains behavioral competencies like cogni-
tive constraints (e.g. short-term memory, processing capa-
bilities) and learning styles (e.g. holistic, analytical, field
independent vs. field dependent) on the one hand and
“goals and motivation” (performance criteria) on the other
hand [12]. This is the learners’ environment which is ad-
dressed by, e.g., a trainer or coach. In the examples, the
learners can also have self-motivated/intrinsic goals, e.g.,
to perform the business process, increase their work per-
formance, enhance their employability, etc.

Formal structured Situated authentic Compliance

set of content working tasks of complete
derived from aimiailum
business processes
topic 1 | FT
topic 2 T | MT
topic 3 BE
topic 4 pr . | BKW
topic 5 k4 — O | PSK
topic 6 AGS
topic7 PE
topic 8 F | PF
topic 9 QM
- authentic working tasks -

- adaptive
curriculum -

- course based - - work process oriented -

- situated -

Figure 1. Curriculum of situated authentic working tasks and formal
structured set of content
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Figure 2. Framework for an authentic constructivist learning environ-
ment using a simulator for adaptation

The first key construct in the framework is the “adapta-
tion” itself. Adaptation is a construct that develops under
the constraints of the task business process derived from
the real world and the learner [13].

The “adaptation” is nothing the learner learns or has. It
is a construct that represents what evolves as a set of rou-
tines (including asking for, and retrieving information, for
example) or dynamics that allow the learner to be “fit” for
the particular business process.

The second key construct of the framework is the con-
cept of “fit”. The fit describes how well a learner is
adapted to the chosen business process. Fit can be classi-
fied into two dimensions; semantic and structural.

The semantic dimension is a measure of how well the
learner’s actions are acceptable in the particular process.
The semantic fit is therefore primarily related to how well
the goals and the intentions of the learner are realized in
the actions he/she takes in the authentic situation simu-
lated.

The structural dimension of fit describes how closely
the cognitive constraints and learning styles of the learner
“match” the information present in the business process
(e.g. does the business process manager accept a particular
type of process documentation as suited to her/his skills?).
Manifestation of failure of structural fit occurs when, for
example, an individual refuses to accept the information
provided in the process as “valid” for their own task.

B. Authentic learning environments

Authentic learning environments in the constructivist
tradition are situations that allow a learner to create his/her
own personal knowledge in a particular task environment.
In simplified manifestation, an authentic learning envi-
ronment is a substitute to the actual problem-solving envi-
ronment (e.g. an authentic situation as opposed to the
simulated situation).

An authentic learning environment can be described
more generally as a manifestation of a “learning curricu-
lum”. So in terms of the framework, the learning curricu-
lum is simply a set of situated opportunities that allow the
adaptation to eventually attaining a high degree of fit be-
tween the situation and the learner.

The design of a good authentic learning environment
therefore consists of creation of an appropriate set of situ-

ated opportunities. The situated opportunity can be de-
scribed by four parameters/characteristics/properties:

1. Information about the situation
2. Successful actions in situation

3. Cognitive constraints and learning styles of the
learner

4. Goals and intentions of the learner

A successful authentic situation as a learning environ-
ment has to create enough (and the right) situated oppor-
tunities to ensure that the adaptation which arises for a
specific learner has both a high structural as well as a se-
mantic fit.

A fundamental problem that arises with using simulated
processes is their validity. How does one ensure, for ex-
ample, that adaptation thus evolved within the simulated
process will in fact transfer to the real situation? The key
problem that needs to be solved in developing an authentic
constructivist environment, therefore, is to ensure that
adaptation which emerges in response to the “fit” re-
quirements (both semantic and structural) of the con-
structed authentic process, also establishes a high degree
of fit in the real situation [14]. This is what the framework
and the resulting methodology helps to achieve.

IV. METHODOLOGY

This section presents the various dimensions of a typi-
cal authentic learning environment and shows how the
framework presented earlier provides conceptual footing
for a development methodology based on a pedagogical
design, architectures, the environmental context and the
learning objective. A methodology is derived from these
sub sections [15], where each sub section is tied to explor-
ing one dimension.

A. Complete pedagocical design

The primary objective of this step is to determine what
constitutes a “situated opportunity” within a particular
pedagogical design example. A pedagogical design im-
poses broad constraints on what a situated opportunity can
be. In doing so, it outlines the possible space of situated
opportunities for the learning environment. In addition,
based on the properties of the semantic and structural fit in
the real business process, pedagogical design also deter-
mines constraints on the four components of a typical
situated opportunity.

It doesn’t matter what the manifestation of the peda-
gogical design of an authentic environment is, each has to
pay particular attention to how and why the situated op-
portunities thus created are authentic. For example, in
problem-based learning, e.g. a convincing problem is cre-
ated and learners are supported by input received from
various information sources. The main premise behind
these environments is to allow the learners to make mis-
takes in a “safe” context and to receive feedback as a
third-person. A problem consists of the information pre-
sented in the environment (1.) and the feedback provided
by the resulting parameters guides the learner on what is a
successful action (2.) through failure. The problems have
to be consistent the learner’s objectives (4.) as well as the
cognitive constraints (3.).
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B. Construct achitecture for a authentic environment

The primary objective of this step is to specify an archi-
tecture that provides appropriate support for the situated
opportunities outlined in the previous step.

The architecture of an authentic environment specifies
the various components that must exist in a learning envi-
ronment or a computer manifestation of it. A general
characterization of the constructivist learning environ-
ments has been provided by Jonassen, Peck and Wilson
[16].

The components needed for such environments are:

e problem/project space. The learners are presented
with an interesting, relevant and engaging problem.
This is simply the creation of a single situated oppor-
tunity,

o related Cases. When learners are expected to solve
problems, they must be provided with a set of related
experiences on which the learners’ can draw. These
represent a set of situated opportunities similar to the
one being presented,

¢ an information source which provides learners with
information they need in a short time in the right
format. This simply stresses the information compo-
nent (1.) of the situated opportunity,

e cognitive (knowledge) construction tools. Tools that
support the learner’s abilities to solve the tasks at
hand. These are a part of the physical environment
(e.g. a paper and a pencil, a calculator, a utility pro-
gram) if the fit determines the learner’s cognitive
constraints (3.) need to be augmented to achieve an
appropriate fit,

o conversation (knowledge-negotiation) tools. Tools to
support collaboration. These are a part of the physical
environment, if accessing information (1.) or suc-
cessful action (2.) requires external conversations and

o social/contextual support. Physical, organizational,
political and cultural aspects of the environment.
This can be related primarily to the learner’s motiva-
tion and goals (4.).

C. Consider context of learning

The primary objective of this step is to ensure that the
environmental constraints of the learning environment
have been considered for the architecture proposed in the
previous steps.

Authentic learning environments exist in a context. The
environmental context of an intelligent tutoring system as
described by Kinshuk, Opperman and Russel [17] can also
be applied to an authentic learning environment.

The context is divided into seven categories:

o learner (natural abilities, learning styles and motiva-

tion),

o peers (interaction with fellow students),

e social environment (social values, institutional val-

ues, evolution of common metaphors),

o trainer (teaching styles, personality attributes),

e branch (homogeneity, operational/conceptual, physi-

cal/virtual, teaching traditions, levels),

o characteristics of knowledge (operational, causal,

contextual) and

o characteristics of medium (hardware, software and

communication capabilities).
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Figure 3. Relationship between framework and business process con-
text

From the perspective of the framework, these categories
roughly map as shown in Figure 3.

It is interesting to note that the trainer or the teaching
style maps mostly provides the available information
(what it provided to the learner), successful action (guid-
ing through assessment) and motivation. Most traditional
instructional theories can in fact be used to create these
parts of situated opportunities as they rely largely on in-
formation (1.) and successful action (2.) and are generally
concerned with how to enable a learner to do something
(as the goals are prescribed by the trainer).

D. Consider general conditions of training

The primary objective of this step is to ensure that the
general conditions of the learning environment have been
considered. The general conditions, as distinguished from
the social environment above, are more independent from
the training itself. This point is the most important for the
successful use of serious games. From a theoretical didac-
tical aspect a serious game has a lot of advantages. But a
successful serious game is used in reality not in a labora-
tory. If it is missed during the planning and production
phase of a serious game to consider the following listed
points. The result is a “nice” research result but not a use-
ful training media.

o In most of the cases a lesson has 45 min. Also busi-
ness trainings have fixed time slots, often oriented on
the 45 min of school lessons. In most of the cases
they are doubled to 90 min. In this time it must be
possible to introduce into the game, to play a se-
guence of the game and to debrief the game to set a
learning anchor with the experiences the learners
made. Otherwise it is just a game not a serious game
for training purposes.

o During the game all participants must be in nearly the
same “game time”/timeline. Otherwise it is not pos-
sible to compare the results of different learners and
to discuss about the individual experiences in the de-
briefing phase. The idea that every body plays at is
own and then there is a joint debriefing doesn’t work
real. A lot of business trainings are not based on an
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intrinsic motivation of the participants. Most of the
participants were send by the boss to such trainings.

e The teacher must prepare trainings in a personal ef-
fective way. A teacher will not play two weeks a se-
rious game to use it in 2 lessons a year. Preparation
and benefit for the lesson must be in the right bal-
ance. Otherwise the teachers and trainers won’t use
the serious game. Believe it or not, also teachers take
the way of the lowest resistance in preparing their
lessons.

e The important point is to think about the IT-
infrastructure at training providers. Often they have
old hardware. A serious game which works perfect
on a developer computer will often have problems on
a training computer. If there is only one problem with
game most of the users won’t use it once again.

V. CONCLUSION

For a successful training with serious game it is impor-
tant to consider some points before producing such a train-
ing media. It is important to consider the following as-
pects. Define an individual learning goal first and be
aware that the taxonomy form Bloom is build hierarchi-
cally. Consider the framework of your training. To make a
serious game attractive it is a success factor to find an
authentic story and scenario for the game.

Plan a training using a serious game in a complete peda-
gogical design: introduction — execution (information pre-
sented in the environment (1.) and the feedback provided
by the resulting parameters guides the learner on what is a
successful action (2.) through failure. The problems have
to be consistent the learner’s objectives (4.) as well as the
cognitive constraints (3.)) — debriefing

Build an architecture for an authentic environment and
consider the context of learning. Also consider the general
conditions where the training is executed and adopt the
game to different conditions.

A serious game for training purposes must be planned
by using the ideas above. If the motivation is to have a
“cool” training tool, to fill missing work orders in at game
development company or to use it for marketing of a train-
ing company, a serious game is the wrong tool. A real
serious game is too expensive for such reasons. A cheep
way to hit those aims is to integrate small video game
sequences in a standard training course as a reward for a
right answer. That’s cheep, looks cool and is good for
marketing but it is not a serious game.
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