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Foreword

This is the authors' �rst written version of their contribution to ISIP 2019, an invitation-based
scienti�c meeting named the 13th International Workshop on Information Search, Integration,
and Personalization, May 2019, Heraklion, Crete.

One of the authors' intentions is to provide the workshop audience with a more detailed and
in-depth information going beyond the limits of a 20 to 25 minutes presentation including the
presentation slides.

However, the focus of the present publication is kept narrow to allow for a possibly following
contribution to the planned volume of ISIP 2019 selected papers.

With respect to digital technologies, the authors aim at the introduction, explanation, and
propagation of what they call plug & play within their original framework of digital storyboarding
including storyboard interpretation technology.

The underlying research and development is motivated by the known vagueness and ambiguity
of concepts in the humanities, especially in the educational sciences, that are due to the subject
to investigation exceeding in complexity all other subjects of science and technology.
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1 Plug & Play � the Touch and Feel

In this section, the authors put the cart in front of the horse. The technicalities to come are
quite tedious. Therefore, it is deemed desirable to know in advance where the e�orts might lead.

In technology enhanced learning, even vague didactic concepts are getting a precise syntactic
appearance. So-called pedagogical patterns as discussed in [Ped 2012] may be rewritten precisely
in varying ways [Jan 2013b]. Formal methods allow for an explication of substantially di�erent
alternatives. It is frequently unclear whether or not authors uttering vague ideas are aware of
the largely varying precise implementations. Furthermore, there are cases in which di�erent
educators are in favor of di�erent interpretations preferring the one or the other implementation.

Figure 1: Pedagogical Pattern �Built-In Failure� [Ped 2012] Interpreted Formally [Jan 2013b]

By way of illustration, consider a pedagogical principle discussed in [Ped 2012] and named
�Built-In Failure�. Due to the ambiguity of language, the original circumscriptions allow for a
variety of interpretations. Does the principle include the formulation of criteria of success? Does
the learning process give space to a communication with co-learners? Answers to only these
two sample questions may result in four di�erent interpretations and � in technology enhanced
learning � in four di�erent implementations. Figure 1 above shows two of the interpretations
that occur as �gures 4 and 5, respectively, in [Jan 2013b].

Assume some digitalized learning environment in which processes are formally described by
graphs as above. Within a more comprehensive learning scenario, when it comes to an educational
situation to invoke the built-in failure principle, which of the varying variants shall be selected?
The plug and play principle and technology enables educators to �plug in� one of the available
variants and see what happens.

On the one hand, one may imagine educators to prefer the variant in which learners get
some criteria of success to enable them to ponder the quality of their own intermediate solutions
(lower left graph in �gure 1, �gure 4 in [Jan 2013b]).

On the other hand, when more social interaction is deemed important, educators may prefer
the variant in which a priori criteria of success are dropped to encourage communication in the
peer group of learners (upper right graph in �gure 1, �gure 5 in [Jan 2013b]).

But does it really work to invoke the second variant? Educators are at a strife. Plug & play is
the approach and the methodology to answer this question and, even more important, to arrive
at educational settings that are personalized and adaptive to the largely unforeseeable learners'
needs and desires. The authors' plug and play is a principle and a technology of adaptivity and
personalization, especially in educational settings.

One may check out automatically, whether of not the communication cycles really take place.
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2 Educational Gami�cation as Transformation

The authors refrain from an in-depth discussion of the gami�cation concept and direct the
interested reader to [AJ 2018]1, esp. section 2 on page 3. An even more comprehensive discussion,
but in German, may be found in [Jan 2018b]1.

Essentially, gami�cation is not, as Deterding et al. claim, �the use of elements of game design
in non-game contexts� [DOS+ 2011] (page 2; very similarly, [DDKN 2011], page 10). Bogost is
calling opinions like that �bullshit� and frankly names the protagonists �bullshitters� [Bog 2011].
Bogost is basically right, because the usage of elements such as score points, badges, and rankings
by themselves do not establish any exciting experience of game play.

The ultimate intention of gami�cation is to make available the fascinating attractiveness, the
a�ectivity, and the e�ectivity of game play for serious purposes such as learning and training.
As the authors of [AJ 2018], preface, p. 1, put it, �imagine � if successful � teaching, learning and
training o�ers that are addictive. Learners always want more and learn more, trainees cannot
stop to train, and those who learn and train, form communities on the internet where they
exchange their experiences and successes in acquiring knowledge and sharing skills, as well as
inspiring others to participate. Imagine, textbook publishers producing educational materials of
an addictive nature and where school becomes our children's favorite venue.�

To keep it short, educational gami�cation (EG) aims at the facilitation of playful experiences
being attractive, a�ective, possibly even addictive, and practically e�ective for learning and
training. EG means �the transformation of given learning or training material and/or educational
environment into a form that bears the potential of playful experiences that are likely to unfold
when humans accept to engage� ([AJ 2018], section 4.1, page 5).

Figure 2: Gami�cation as Transformation according to [Jan 2018a]1

The design and the description of anticipated game experiences form the central task of the
gami�cation process. [FBJ 2015]2 exempli�es the transformation process in an application case.

Following [JK 2005], speci�cations are thoroughly digital and, therefore, may be subject to
algorithmic interpretation (see section 3.3 below).

1The source is freely available in the internet on ResearchGate.
2This conference paper, by the way, is the �rst author's most frequently read publication on ResearchGate

with 7,575 reads by April 30, 2019.
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3 Introduction into the Underlying Technology

The authors' original storyboarding concept has been introduced by Jantke & Knauf in [JK 2005].
This approach originates from Arnold's conceptualization of dynamic plan generation [Arn 1996].
It has been used for a quite large variety of projects where the formalisms are of considerable
value (see [AJV+ 2010], e.g.).

To keep the present report self-contained, the details are introduced below, but stripped to
the essentials.

3.1 Digital Storyboarding

Storyboarding means the organization of experience [JK 2005], in general, and the anticipation
and organization of playful experiences, in particular, that bear the potential to unfold when
human beings are willing to engage. Emphasis is put on wrapping didactic concepts into game
playing experience [KJ 2014].

The perspective of layered languages of ludology exhibits the power as well as the necessity
of varying levels of design [Len 2009] based on the eralier introduction of the key principles
[Jan 2006]. This allows for top-down design, for buttom-up design as well as for largely varying
dovetailings of both methodologies.

Some approaches to didactics are on a high level of abstraction [Fle 1996], others are on
several di�cult to specify medium levels [Ped 2012], whereas digitalization projects cannot be
reluctant to �ne granularity [KJ 2014].

At a �rst glance, a storyboard seems to be a graph. A closer look reveals that there are graphs
of di�erent granularity � an issue of layered languages of ludology. Conceptually, a storyboard
is a hierarchically structured family of graphs. To allow for unambiguous graph substitution, it
is assumed that graphs have well-de�ned input and output nodes, a concept named pin graph in
the topical literature [HLW 1992, Arn 1996].

A storyboard is a hierarchically structured controlled family of pin graphs F = [{Gi}i=1,...,k, c]
where every pin graph Gi of the form [Vi, Ei, γi, P

in

i , P
out

i ,Epi, subi] meets the following conditions

1.1 [Vi, Ei] is a �nite, directed, acyclic graph with the set of vertices Vi and the set of edges
Ei ⊂ Vi × Vi.

1.2 γi assigns to every edge its logical conditions of usage3, an issue of particular relevance at
branching points that may describe either alternatives or parallelism.

1.3 P in

i ∪ P out

i contains the pins, i.e., the input and output nodes P in

i , P
out

i ⊆ Vi as follows:
P in

i = {v | v ∈ Vi∧ 6 ∃u ∈ Vi((u, v) ∈ Ei)}
P out

i = {v | v ∈ Vi∧ 6 ∃u ∈ Vi((v, u) ∈ Ei)}
1.4 Vertices in Epi ⊆ Vi are called episodes that are to be substituted by other graphs later on.

Vi \ Epi is called the set of scenes that have a semantics in the domain.

1.5 subi : Epi → 2{1,...k} \ ∅ is a mapping that assings to every episode graphs for potential
substitution.

and the mapping c de�ned on {1, . . . , k} assigns to every graph its logical conditions of usage3.
The design of experiences of game play taking pedagogical concepts into account takes place

as an interdisciplinary process of negotiating graphs, conditions, and their mutual interdependen-
cies. Storyboarding works well for large-scale training applications [AFJ 2013a, AFJ+ 2013b].

3The issue of logics is suppressed and the authors con�ne themselves to what is provided by Prolog.
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3.2 Dynamic Storyboard Expansion

From a formal point of view, a storyboard as introduced in the preceding subsection 3.1 forms a
certain type of graph grammar [AJ 1994, Kir 1995].

The crucial peculiarity is that the grammar generates particular graphs at execution time
by dynamic graph expansion in dependence on context conditions including recent human user
pro�les. This goes beyond the expressive limits of all former graph grammar concepts [Kir 1995]
and, in this way, provides a formal explanation of the current methodology's �exibility and reach.
The present subsection is aimed at a sketch of the dynamic graph expansion concept.

Episodes are placeholders for varying anticipated experiences. Didactic design means the
pedagogical preparation of potential experiences including the speci�cation of preconditions.

Formally, if Gi is a graph of the storyboard and e ∈ EPi is one of its episodes, subi(e) names all
the graphs that may be used for substitution, provided that the respective substitution condition
is valid. For j ∈ subi(e) with a valid condition c(j), Gi[e←↩ Gj ] denotes the result of substitution.

Using logic programming as a technology of automated reasoning, there is no need to treat
graphs as complex data structures. Instead, it is su�cient to maintain predicates that describe
nodes and edges, respectively. The authors will make use of this simplicity subsequently.

However, the usage of any particular programming paradigm assumes the understanding of
an abstract machine that determines the meaning of syntactic constructs.

Formal methods based on mathematical notions and notations appear much more complex,
at a �rst glance. But in the very end, they explain everything on a few lines.

To avoid ambiguity � in theory, not necessarily in programmimg practice � it helps to rename
nodes that are substituted into another graph such that (i) it remains clear where the nodes are
coming from and (ii) it is obvious where they are residing now. Formally, this looks as follows:

When a certain substitution Gi[e ←↩ Gj ] takes place, every node d ∈ Vj is renamed to e.d.
Accordingly, e.Vj is shorthand for {e.d | d ∈ Vj}.

Based on this terminology, the expansion of an episode e in some graph Gi by an admissible
graph Gj results in a pin graph Gi[e ←↩ Gj ] of the form [V,E, γ, P in, P out,Ep, sub] such that the
following conditions are satis�ed (in 2.3, double parentheses dropped, sub written relationally).

2.1 V = (Vi \ {e}) ∪ e.Vj
2.2 E = (E′ \ E′′) ∪ E′′′ ∪ E′′′′

(a) E′ = Ei ∪ e.Ej

(b) E′′ = Vi × {e} ∪ {e} × Vi
(c) E′′′ = {v | (v, e) ∈ Ei} × P in

j

(d) E′′′′ = P out

j × {v | (e, v) ∈ Ei}

2.3 γ(u, v) = γi(u, v) for (u, v) ∈ E ∩ Ei and γ(e.u, e.v) = γj(u, v) for (u, v) ∈ Ej

2.4 P in =

{
(P in

i \ {e}) ∪ e.P in

i if e ∈ P in

i

P in

i otherwise

2.5 P out =

{
(P out

i \ {e}) ∪ e.P out

i if e ∈ P out

i

P out

i otherwise

2.6 EP = EPi \ {e} ∪ e.EPj

2.7 sub = ( subi \ {(e, subi(e))} ) ∪
⋃

d∈Cj
{(e.d, subj(d))}

Graph expansion determines a rewrite relation that terminates with graphs that do not con-
tain any more episodes. Those are formal representations of all the possible human experiences.
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3.3 Storyboard Interpretation Technology

The term storyboard interpretation technology denotes the authors' original approach to story-
board expansion at execution time; in the context of educational gami�cation that means when
playing and learning. It works in large-scale application scenarios [AFJ 2013a, AFJ+ 2013b].

The authors refrain from disclosing all the details and prefer to give an introduction into
the essentials that are su�cient for the present report and, in particular, for the related Prolog
implementation.

Without loss of generality, one may assume that the top-level graph of a storyboard has
exactly one input node.

Storyboard interpretation basically means that there are pointers (initially one, later on
perhaps more than one) indicating the actions to execute. (i) In case the action pointed at is a
scene, its operational semantics is to be executed such as playing a cutscene or a video, o�ering
buttons or click areas for making a learner's choice, providing documents for download, etc.
(ii) Instead, if the pointer indicates an episode, graph expansion is executed. For this purpose,
the candidate graphs are found by the function sub and the substitution conditions provided
by the function c are checked. The �rst admissible substitution is executed4. (iii) Finally, the
pointer is moved forward along admissible edges (see function γ) and, in case there is more
than one admissible, split accordingly. In case (ii) of substitution, pointers are placed on all
substituted input nodes. (iv) At junctions where edges meet, pointers coalescence.

Notice that only case (i) is perceived by the human learner/player, whereas (ii), (iii) and (iv)
take place in the background.

Adaptivity and personalization is implemented by means of checking the validity of the
formulas provided by c, sub, and γ.

Instead of a shallow discussion of many further issues, the authors prefer to complete the
present subsection by an in-depth discussion of just a single issue.

The point (iv) above seems to cause di�culties, if di�erent pointers arrive at a junction at
di�erent points in time. At least, this is an interesting observation worth to be discussed.

According to the original storyboarding approach developed in [JK 2005], edges represent
a partial order of events. This coincides with the slightly later introduction of story spaces as
partially ordered spaces of events [Jan 2009], where the evolution of stories over time motivates
dramaturgical aspects of storytelling such as non-linearity and non-monotonicity.

For all these considerations, it is su�cient to interpret an edge from some node 1 to some
other (graphs are acyclic . . . !) node 2 as just the statement that the event at node 1 precedes
the event at node 2.

Consequently, there exists a standard algorithmic interpretation which, interestingly, is the
computationally most simple one. At any junction, whenever the �rst pointer reaches this point,
the corresponding node is ready for execution. All pointers that arrive later have no impact and
resolve at the junction.

Apparently, there do exist di�erent, more complex interpretations. In application cases,
domain experts, educators, and others may have their good reasons for varying interpretations.
The hierarchical structure, the modularity, and the lucidity of logical conditions of storyboards
provide an ideal basis for negotiations and decisions. The authors brie�y mention an alternative.

By way of illustration, one may see all paths that lead to a junction as necessary preconditions
of execution. In this case, the system simply waites for the arrival of all expected pointers.

4By the way, this perfectly �ts the logic programming mindset.
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4 Plug & Play � the Touch and Feel � Revisited

After introducing the essentials a bit more formally, it becomes clear that the two graphs of the
introductory example do not meet all the requirements of section 3. In particular, these graphs
are not acyclic. The present section is aimed at �xing the problem.

The authors present a small collection of graphs seen as part of an overall storyboard under
consideration. In this way, authors and readers exercise the usage of the formal concepts and
exemplify didactic design within the authors' framework to approximate the gist of the introduc-
tory example. Graphs are numbered, as usual. There may be other graphs in the storyboard not
of interest here, say as many as exactly 100. Thus, our additional graphs begin with index 101.
For readability, nodes are denoted by strings instead of numbers. Input and output nodes are
indicated by a lighter background color. Scenes are represented by cycles.

Figure 3: Informal Visualization of Graphs for the Pedagogical Pattern �Built-In Failure�

Subsequently, dynamic storyboard expansion is brie�y illustrated beginning with graph 101.
Formalities are mentioned, but used loosely.

Graph G101 consists of two episodes named intro and core, respectively. For expansion of the
episode intro, two graphs are available. In formal terms, sub101(intro) = {102, 103}. This allows
for the two di�erent beginnings as visualized in �gure 1. The occurring scenes have a certain
semantics in the domain such as, e.g., explanatory videos or texts. As indicated in [JK 2005],
the meaning is not necessarily digital. Such a scene may also mean a teacher's introductory talk.
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The episode core is to be substituted by G104, i.e., sub101(core) = {104}. The substitution
condition c(104) must be always true. Otherwise, graph expansion gets stuck.

The episode next allows for recursive substitutions re�ecting the idea of cycles as visualized
in �gure 1. sub104(next) = {104, 105}.

The expansion of the node check yields either the activity of the learner to check by her(him)self
her(his) intermediate results in privacy or to consult a peer. The communication with a peer
may loop through several cycles as already indicated in �gure 1. sub104(check) = {106, 107, 108}.
Similarly, sub107(next) = {104, 105} and sub108(check) = {106, 107, 108}.

Reasonably, the substitution conditions c(107) and c(108) should require the availability of
a peer for communication.

The following �gure 4 exempli�es the result of several subsequent steps of graph expansion.

Figure 4: Interaction Process Based on the Pedagogical Pattern �Built-In Failure�

The scene work describes activities of the student intended to work on the initial task and self
means the student's thinking about the intermediate solution in the light of the initial criteria
of success. When peers are available, the scene talk means to discuss the current state of the
problem solving process. After discussion and repeatedly pondering the own results, a student
may decide to �nish the work and to present the results.

This particular interaction process re�ects features of the two graphs on display in �gure 1.
It begins with the two scenes of the �rst graph and unfolds one of the recursions of the second.

The graph informally represented by �gure 4 is one element � in fact, only a cutout of
one element � of the formal graph language generated by the underlying storyboard. Usually,
storyboards as introduced in section 3 de�ne in�nite formal graph languages. Members of such
a formal language are not yet fully de�ned at planing time (!) when the storyboard is designed.
They emerge at execution time in dependence on unforeseeable context conditions and behavior.
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5 Plug and Play in Prolog

In technology enhanced learning and training in general and in game-based learning and training
in particular domain experts, educators, designers, and educational system developers investigate
and negotiate didactics and ludology. Within the authors' framework of digital storyboarding,
the outcome is digital and, thus, may be subject to direct execution [Jan 2013a].

Many of the issues under discussion have a logical component � validity of context conditions,
achievements of learners re�ected in user pro�les, preconditions of the usage of didactic concepts,
and the like. Logic programming provides an appropriate language for such an interdisciplinary
discussion. Whatever the partners agree about, it becomes immediately executable.

Notice that in the present technical report, the authors do not intend to demonstrate any-
thing such as an implementation of the storyboard interpretation technology by means of logic
programming. Such a software-technological endeavor would be missing the ISIP contribution's
focus on adaptivity and personalization.

In the present section, the authors con�ne themselves to an explanation that, why, and how
logic prgramming is appropriate to represent features of the plug and play technology which is the
core of dynamic formative evaluation.

5.1 Static Plug and Play

The present subsection is aimed at the discussion of the most simple and, therefore, extremely
lucid variant of plug and play with didactic concepts. The intention is to bridge the gap from the
intuitive understanding to precise formalisms that allow for a straightforward implementation.

Recall the introductory example of section 1. Apparently, there are didactic alternatives.
Static plug and play means to carry out most simple modi�cations � plug � and try them � play.
After employing the lower left graph, one may modify the process speci�cation such that the
upper right graph is invoked. When the system is running, one may record whether or not and,
if so, how frequently learners make use of the opportunity to consult their peers. This supports
formative evaluation (see �gure 2).

Assume any storyboard F with a top-level graph G1 and with the particular strong restriction
that within every graph Gi in F and for every of its episodes e ∈ EPi ⊆ Vi it holds |subi(e) |= 1.
In other words, there is never any choice and always only one graph for substitution available.
As a side-e�ect, the mapping c must necessarily always return the constant >, the value �true�.
F unfolds during interaction dynamically, but the result is always the same terminal graph.

Educators may monitor the process of game-based learning based on F and ponder the one
or the other opportunity of change.

Assume that educators focus on a particular graph Gi in F having some doubts about its
e�ectiveness. Then, they are challenged to think about an alternative G′i, very much like the two
graphs in �gure 1 are alternatives to each other. Plug and play means to replace Gi by G′i in F .
Needless to say that this requires some care to guarantee termination of graph rewriting.

Pedagogy is di�cult, because humans are complex and learning is something manifold and
not su�ciently well-understood. Human media reception is highly individual and so is game
play. Concurrent pedagogical concepts are really concurring, i.e., one cannot assume that one is
always superior to the other. Educational gami�cation makes it even more involved.

The best is to try it out; plug and play is the appropriate technology that allows for comparison
of clearly speci�ed and locally encapsulated didactic and/or game play concepts.
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5.2 Dynamic Plug and Play

One of the key original features of the authors' approach is dynamics inherited from [Arn 1996]
through [JK 2005]. Consequently, the plug and play concept has to be seen dynamically as well.

In Arnold's approach to Arti�cial Intelligence control of disturbed complex systems [Arn 1996],
dynamics means to respond to information that comes in during the process of system therapy.
You do not know in advance all details of a seriously disturbed technological process and, thus,
you do not know completely what to do. Over time, you learn about the problem and, in this way,
you learn how to take over control. In dynamic environments, planning is learning [AJ 1996].

The process of educational gami�cation by transformation may be also seen as a dynamic
planning process. Storyboards are plans that specify a space of potential future interaction
processes of playing and learning. The particular plan to be realized is not known in advance.
It unfolds during interaction dynamically in dependence on conditions that may change over
time such as the context, states of the environment possibly including process simulations, and
the emerging learner/player pro�le.

The crux is that in such a dynamic world it cannot be clear from the early beginning and
in every detail which didactic concepts are appropriate in a developing context, facing running
process simulations, and taking individually evolving human learner/player pro�les into account.
The problem is complicated by the open question whether or not humans can identify with
settings of game play and feel encouraged to engage in some previously unknown virtual world.
The intriguing relationship between the real and the virtual [JL 2012] comes into play as well.

When a digital storyboard is set up in practice (as in [AFJ 2013a] and [AFJ+ 2013b], e.g.),
it remains open whether the one or the other didactic concept �ts better both the environmental
conditions and the needs and desires of the current users.

Consequently, evaluation must by dynamic as well. It has to take place at execution time,
i.e., at the time of playing and training. A gami�ed educational system is never completed and
does never remain unchanged. It evolves when being used due to emerging didactic insights.

So, assume gami�ed learning or training in acton. The storyboard unfolds (sections 3.2, 3.3).
Educators monitoring the running game-based learning and training process may undertake
exploratory control measures.

The simplest form of intervention is to modify the storyboard's control function c which
determines the conditions of graph substitution. c(i) de�nes when Gi is allowed for substitution.
Changes to c(i) may have immediately recognizable e�ects. The extreme setting c(i) = ⊥, so to
speak, unplugs graph Gi. In contrast, c(i) = > may increase the likelyhood of using graph Gi.
More re�ned changes to c may result in better adjusted adaptation and personalization.

However, all these potential changes remain within the a priori anticipated assignment of
potential expansions to episodes. Changes to the subi function in graphs go beyond this limit.
The simplest change is to remove some j ∈ subi(e) what, a bit more subtly, means to unplug
graph Gj , not in general, but from the candidates to expand the episode e in Gi.

More creative, more far reaching, and more risky is to extend in some Graph Gi for some
episode e the expansion repository subi(e). This may change the educational process substantially
and requires didactic care.

As a result, knowledge about the suitability of didactic concepts, about learner and trainee
acceptance of playful human-system and peer to peer interaction, and about the e�ectiveness of
learning and game play amalgamation emerges throughout educational gami�cation application
and formative evaluation. Plug and play is the key technology of exploratory didactics.
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5.3 Logical Reasoning and Programming

Logical reasoning does not need a particular programming paradigm as the pioneers of Arti�cial
Intelligence, Allen Newell and Herbert Simon, have been demonstrating when developing � more
than 60 years ago � the �rst automated theorem prover in IPL, their own assembly language
that provided important features generalized, streamlined, and then incorporated into Lisp5.

However, the transdisciplinary educational gami�cation process (reconsult the transformation
perspective in section 2) involves specialists from largely verying disciplines such as domain
experts, educators, AR and VR developers, game designers, and the developers carrying out the
transformation. They investigate and negotiate manifold logical issues such as (i) the conditions
controlling the invocation of didactic concepts, i.e., the substitution of graphs at time of play,
(ii) the interpretation of context data and learner/player pro�les, (iii) the reasons of branching,
and (iv) the control of parallelism. Conceptually, these are all issues of logics (see section 3).

It is advantageous, if all the crucial decisions have a readable declarative representation in the
system that can be made visible and that is, if necessary, easy to modify. Logic programming in
whatsoever form [CM 1981, SS 1986, Kna 1993] satis�es the needs of this transformation process.

5.3.1 Plug

Essentially, a graph is just a set of nodes and edges. This is easily represented using two predicates

node(Graph,Node)

edge(Graph,StartNode,EndNode}

Furthermore, the process of graph expansion requires knowledge about input nodes and
output nodes easily provided by two related predicates.

inputnode(Graph,Node)

outputnode(Graph,Node)

Who wants to expand one graph by substituting another graph into one of its episodes just
has to name the �rst graph, the episode, and the second graph. Simply add the following fact

subst(Graph1,Episode,Graph2).

to the Prolog base and the substitution is done. This is comprehensible to specialists from any
of the involved disciplines.

In the background, the system has knowledge about graph substituion formalized as follows.

substedge(Graph1,Episode,Graph2,StartNode,EndNode) :-

subst(Graph1,Episode,Graph2),

edge(Graph1,StartNode,Episode),

inputnode(Graph2,EndNode).

substedge(Graph1,Episode,Graph2,StartNode,EndNode) :-

subst(Graph1,Episode,Graph2),

edge(Graph1,Episode,EndNode),

outputnode(Graph2,StartNode).

5http://www-formal.stanford.edu/jmc/history/lisp/node2.html
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The system knows furthermore that edges that result from substitutions may be treated as
usual edges, because it has the following background knowledge.

edge(Graph1,StartNode,EndNode) :-

substedge(Graph1,Episode,Graph2,StartNode,EndNode).

Because plug and play is a principle that allows for playing with varying alternatives, the
ability to unplug one graph substituted before into another for a particular episode is a necessary
feature. Tell the system to retract all edges that are inserted by substitution of a second graph
into a �rst one for a particular episode.

?- retractalledges(Graph1,Episode,Graph2).

The system understands �retractalledges� as follows.

retractalledges(Graph1,Episode,Graph2) :-

retract(substedge(Graph1,Episode,Graph2,StartNode,EndNode)),!,

retractalledges(Graph1,Episode,Graph2).

retractalledges(Graph1,Episode,Graph2).

These are the essentials of Prolog based graph expansion including revision by unplugging.

5.3.2 Play

The second author undertook several projects of storyboard veri�cation [KD 2008] the concepts
of which have been implemented by several students resulting in comprehensive sources such as,
pars pro toto, [Düs 2007].

What may happen during game play and learning after some exploratory plugin was executed?
Due to dynamics, answers to questions like this change over time. For the time being, complex
logical simulation approaches as the authors' one in [JA 1996], esp. �gure 2, p. 185, are skipped.

Simpler, but less reliable is to ask which nodes6 may be reached by pointers in the course of
storyboard interpretation. There are some initial facts and rules known to the system such as
the following, where facts as shown here are given for every input node of the top-level graph.

pointeron(Graph1InputNode).

pointeron(Node) :-

edge(_,NodeBefore,Node),

pointeron(NodeBefore),

gamma(_,NodeBefore,Node).

The present section is closed by directing the audience's attention to enormous potentials
that are � to the authors very best knowledge � not yet considered in any storyboarding project.
The underlying central concept is meta data.

One may easily equip whole graphs and single nodes with meta data such as didactic concepts.
On this basis, interesting features of storyboards may be checked automatically such as the
occurrence, the frequency of the occurrences, or the alternating occurrence of didactic concepts
in potential unfoldings, i.e., normal forms with respect to graph rewriting, of a given storyboard.
From a higher perspective, one may ask for the occurrence of pattern instances in unfolded graphs.

6Nodes relate to didactic concepts, to human activities, to exercises, to videos, documents of any type, etc.
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6 Scenarios of Exploratory Didactics

Scenarios of exploratory didactics describe courses of action to implement the ideas developed in
section 5.2. A comprehensive treatment, on the one hand, would be worth a separate publication,
maybe even a manual, guidelines, a handbook, or anything like this, and on the other hand,
it de�nitely requires more experimentation in practice than the authors have undertaken so far.
By way of illustration, sketches of two scenarios shall do here within the limited space available.

In the storyboard of the authors' sta� training system �TraSt� developed for the German
Federal O�ce for Civil Protection and Disaster Management (consult [AFJ 2013a, AFJ+ 2013b]),

Figure 5: Practical Example from the Sta� Training System �TraSt�with Focus on Node 100

there is the particular Node_100 on display in the left picture of �gure 5. The implementation is
shown on the right. In this scene, the human user is o�ered a choice between three alternatives:
�lling a form (in German: Schreiben), talking to another sta� member (Sprechen), and looking
at the situation map (Betrachten).

There are some sta� trainees who usually avoid �lling forms whereas others avoid talking.
It is worth to try substitutions (i) in which trainees are forced to do what they tend to avoid,
(ii) in which they have other alternatives, or (iii) in which the usually avoided alternative is
easier to select (more central, larger) and, in this sense, syntactically suggested.

Another interesting scenario of analysis arises from recursion as shown �gures 1, 3, and 4,
where in the latter one it is unfolded. By counting the number of unfolded loops that occur
throughout amalgamated game play and learning, one may �nd out whether or not trainees
draw advantage from the opportunity of repetition.

Substitution conditions c(i), usage conditions γ(u, v), and repositories for substitution subi(e)
may be modi�ed, e.g., to force trainees into one or a few initial loops.
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