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Wepresent a new computer tool for modeling inference generation processes in text comprehension,
Withthis tool, an explicit inference statement is constructed by marker passing in ajoint text and knowl
edge base and a subsequent compilation process, In addition, the tool can be applied to describe knowl
edge integration processes, which can produce spatial, causal, and other types of representations. Be
cause the system provides explicit accounts for reproductive and creative inferencing, it exceeds the
functionality of previous simulations in text research. Text researchers can employ this system as a com
mon ground for comparing their different positions on inferencing in a more precise manner.

Within the last decade, inference generation has be
come one of the most central research topics in the area
on text comprehension (Graesser, Singer, & Trabasso,
1994; McKoon & Ratcliff, 1992). Previous research on text
comprehension has been greatly advanced by the devel
opment and application ofcomputer simulation tools that
have enabled researchers to more precisely specify the
assumed cognitive representations and to subsequently
simulate the postulated cognitive processes on a computer.
For example, Turner (1987) has developed a computer
tool, the propositional analysis system, which allows re
searchers to apply Kintsch's (1974) theory of language
comprehension in a precise and more efficient manner.
With this system, written information can be interac
tively transformed into a set ofpropositions that embody
its meaning. Kieras (1991) has similarly developed a
widget that parses simple texts into its propositions.
Miller and Kintsch (1980) and Mross and Roberts (1990)
have written computer programs that simulate how co
herent text and situation representations are formed from
propositions and other knowledge units. Such computer
tools have been widely applied and have significantly
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sharpened our knowledge about human text comprehen
sion processes (Britton & Giilgoz, 1991; Goldman &
Varma, 1995; Schmalhofer & McDaniel, 1996; Singer &
Halldorson, 1996).

For the more current research question ofinference gen
eration, on the other hand, no general computer tool has
yet been developed that could model the construction of
the different types of inferences as they have recently been
described by Graesser et al. (1994). The computer tools
that are available so far only address representational is
sues in combination with human memory processes.
These tools are best applied for specifying the proposi
tional structure that underlies a text and for specifying the
way in which these propositions and other knowledge
units are processed in human memory in the various pro
cessing cycles. When using these tools, one cannot spec
ify some cognitive processes that, when applied, would
then yield some explicit inference statement. A new com
puter tool is therefore required for modeling the genera
tion of an inference statment and its subsequent integra
tion into the text representation.

To support the modeling of inference construction
processes, we have developed the EKI tool. EKI stands
for Erzeugung kreativer Inferenzen, which can be loosely
translated as Evolution of Creative Inferences. In addi
tion to inference construction, the EKI tool can be used
for performing goal-driven knowledge integration pro
cesses. These integration processes may be focused on a
causal analysis (see Trabasso, van den Broek, & Suh,
1989), the formation of spatial models (see Bower &
Morrow, 1990), or some other relational structure (e.g.,
some combination of spatial, causal, and motivational re
lationships).
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Graesser et al. (1994, p. 375) provided a classification
of 13 different types of inferences. Some ofthese infer
ence types may be modeled in a straightforward fashion.
For example, their inference class 8 "instantiation of
noun category" can be modeled simply by going down a
subclass link in some well-structured knowledge base;
one would thus instantiate "breakfast" to some more spe
cific description, such as "bacon and eggs." Such infer
ences that require a lookup in the knowledge base and
the subsequent identification of a subsumed concept
(Brachman & Schmolze, 1985) may be termed repro
ductive inferences. But there are also inference types that
pose higher challenges to cognitive processing.

Some inference types will actually require that infor
mation from different representation spaces become re
lated before the critical inference statement can be pro
duced. For example, Graesser et al.s inference class 5
concerns thematic inferences, and their inference class
13 concerns the derivation of the author s intent. Infer
ring an author's intent requires information about the text
and information about the author. Because such infer
ences may be drawn only when different representation
spaces are combined, their construction is computation
ally quite similar to creative inferences, as they have been
described by Boden (1991 ).

A creative inference is an inference that does not simply
(deductively or inductively) explicate some piece of infor
mation that is already implicitly contained in the available
information; rather, it creates some unexpectedly novel
statement by merging information from different repre
sentation spaces. A creative inference thus requires the im
mersion of information from another conceptual space,
which is then used to construct the creative inference.

In this paper, we present the EKI system, which has
been developed for simulating creative (e.g., thematic or
author's intent) and reproductive (e.g., instantiation of
noun category) inference generation processes within
the framework of Kintsch's (1988) construction-inte
gration theory, which assumes that text comprehension
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consists of a sequence of knowledge construction
and knowledge integration episodes. This is also a cen
tral assumption of the EKI system. After describing the
EKI system, we will show how this system may be ap
plied to a particular text that has been widely studied with
respect to inference generation (see McKoon & Ratcliff,
1986).

THE EKI SYSTEM

With the EKI system, one can generate inferences by
(l) connecting different knowledge spaces, (2) search
ing for paths between interesting points of the newly
connected representation spaces, and (3) compiling
these paths into explicit inference statements. Depend
ing on the knowledge spaces that become connected and
the particular specifications that guide the search for
connecting paths, the resulting inferences may be quite
novel and creative. More standard types of inferences
(i.e., reproductive inferences), such as the instantiation
of a noun category or the derivation of a causal an
tecedent, may also be simulated with the EKI system.
For these types of inferences, it is usually sufficient to
find a relevant path within a single knowledge base and
then to select or compile the inference statement from this
path. In addition, the EKI system can perform knowl
edge integration processes.

The EKI system consists of two major processing
components-namely, the inferencing component and
the integration component (see Figure I). The inferenc
ing component creates inferences from a knowledge net
and inserts the created inferences into the knowledge net
at proper locations. Because the knowledge net consists
of a conglomerate of different knowledge segments and
because the created inference may yield additional in
consistencies, the resulting knowledge net will usually
contain many inconsistencies and redundancies. These
diverse knowledge units, in combination with their la
tent organizations, are termed pluralistic views.

Situation
specific
circum
scription

Pluralistic
Views Inferences

Figure 1. The architecture of the EKI system.
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The integration component searches the resulting
knowledge net for coherence and consistency relations
and thereby selects an appropriately chosen subnet so
that some global coherence and consistency criteria are
met. For instance, one may specify this integration pro
cess such that it would perform a causal analysis in the
sense of Trabasso et al. (1989) or establish some spatial
model (Bower & Morrow, 1990). The resulting knowl
edge net, which may now represent a causal or spatial
model, is called the situation-specific circumscription
(see Figure I). In addition to these two major compo
nents, the EKI system has a component for establishing
the initial knowledge net (pluralistic views) from several
well-structured knowledge bases and some text. Finally,
there is a component for presenting the pluralistic views
to the user.

The starting point for creating inferences is a number
of separate knowledge bases, each of which is, in itself,
well structured. For example, the things knowledge base
consists of hierarchically structured object classes and
respective subclass relationships. Each object is denoted
by its name and several slots may be used for its de
scription. The actions knowledge base similarly consists
ofhierarchically structured action classes. Because each
of the different knowledge bases is a complete and cor
rect representation of the respective segment of a do
main, none of the knowledge bases affords creative in
ferences.

An affordance for creative inferences arises by asso
ciating or linking nodes either between or within some of
the knowledge bases. The links that may introduce alter
native readings to the previously precisely defined rep
resentations are called crosslinks. Relating the different
knowledge bases by such crosslinks yields the possibil
ity for discovering new relationships that were not al
ready implicitly contained in the original knowledge
bases. After such cross links have been inserted, the co
hering knowledge base (pluralistic views) is obtained.

Creative inferences may now be constructed by fo
cusing on two (or more) nodes, identifying relationships
between these nodes, and then compiling the discovered
relationship into some explicit inference statement. This
explicit statement is subsequently inserted into the
knowledge net. The creative inferences are, in them
selves, additional crosslinks. The overall structure of the
knowledge net is changed by these new links, and some
additional arbitrariness may thereby be introduced. In
other words, the good structure of the original knowl
edge bases is dissolved to a certain degree and thereby
affords the development of some new structure.

The purpose of the integration process is to find such
a new structure. This new structure is determined on the
basis of some processing goal that identifies the nodes
and types of links that are of central interest. By focus
ing on these nodes and links, a relativelycoherent and con
sistent structure is then found (i.e., the situation-specific
circumscription). The situation-specific circumscrip
tion, thus, is a novel structure that emerges from the orig-

inal knowledge bases, the crosslinks (generated by the
text), and the creative inferences that yield a shift of the
focus in the knowledge net.

System Architecture
Figure I shows the architecture of the EKI system. On

the left side, there are the various information sources that
are to be provided by the user. The knowledge base, con
sistingofsix segments (i.e., things, ideas, actions, thoughts,
events, and insights), together with possible cross_links
and the units of the text representation, build the input
to the system. Depending on the particular assumptions
about human knowledge representations, a user (i.e., a
text researcher) may specify some different knowledge
base segments and a different number of segments. The
new_text is entered into the system so that it corresponds
unit by unit to the representational format of the text..
representation. There are two tools, which construct the
initial pluralistic_views from the user's input (Create
Net) and present the result to the user (PresentToUser).

After this initial setup has been accomplished, infer
ences may be generated and a knowledge integration may
be performed on the knowledge net (pluralistic views).
To generate a reproductive inference, the user must se
lect a node in the net and then provide some specification
that serves as the basis for finding a node that stands in
a specific relationship to the selected node in the net. For
example, when the node "breakfast" is selected in the
net, the specification "subclass relation" would find the
node "bacon and eggs." To explore creative inferences
that may emerge from the knowledge net, the user must
select at least two nodes and provide some specification
that serves as the basis for finding relationships between
these nodes. After such relationships have been discov
ered by the system in terms ofconnecting paths between
the nodes (that satisfy the user-supplied specification),
another specification determines how some explicit state
ment is compiled from these paths and inserted into the
net. All of these component processes are depicted in
Figure I by the procedure denoted as Inferencing.

To generate the situation-specific circumscription by
the knowledge integration processes, the user identifies
one focal node or several focal nodes of the net and pro
vides a specification about which relationships are of
interest and should therefore determine the situation
specific circumscription. For instance, for obtaining a
causal model (see Trabasso et al., 1989), one may iden
tify the setting and the outcome as the focal nodes and
physical and motivational causes as the important rela
tionships. The situation-specific circumscription (e.g., a
causal model) is then calculated as the segment of the
pluralistic views that satisfies the specified relation
ships. More specifically, the segment of the net consists
of all the nodes that satisfy the given relationship with
each of the focal nodes. These component processes are
denoted in Figure I by the Integration procedure. In the
following sections, the inferencing and integration pro
cedures will be described in more detail.



Inferencing
As can be seen in Figure 2A, the inference construc

tion is performed in two steps. Possible relationships be
tween two (or more) nodes are identified by a marker
passing procedure (Norvig, 1989). The resulting paths
are then analyzed by a rule interpreter. The rules that are
supplied to this interpreter specify under which condi
tions an inference may be constructed and the way in
which an explicit inference statement is to be compiled
out from some given path.

Marker-passing process. In order to find appropriate
connections, the behavior of the marker can be pro
grammed in terms of regular expressions. 1 These regu
lar expressions thus provide the specifications for which
types of links can be traversed. A marker-passing pro
cess is started from each of the two nodes. For every col
lision point of the two markers, a connecting path is then
determined. Depending on the particular specification
that is used, the behavior of the markers may range from
finding a very specific path over finding a concatenation
ofonly transitive relations (e.g., some transitive closure)
to allowing any arbitrary connections between the nodes.

Inference compilation. A rule interpreter is used for
compiling explicit inference statements from a path and
inserting these statements into the knowledge net. The
rules for the rule interpreter consist of condition-action
pairs. The condition part is again a regular expression that
determines whether an explicit inference statement can
be generated from a particular path by the action part of
the rule. The action part then determines how the explicit
inference statement is to be generated. Such an inference
statement may consist of a single link that connects the
two nodes from which the marker-passing process was
started. Alternatively, the inference may consist ofa new
node and two links, where the two links connect the new
node to each of the two nodes from which the marker
passing process was started.

Integration Processes
For performing the integration processes, the two or

more nodes that are of focal interest must be identified
by the user. Furthermore, for each of these focal nodes,

A
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a marker program must be supplied that determines the
relations (links) that are most significant and should
therefore guide the integration process. As can be seen in
Figure 2B, the integration process is performed in two
steps. In the first step, the marker-passing procedure is
applied to flag all the nodes that are reachable from each
given starting point by the respective marker program.
In the second step, the situation-specific circumscription
is determined by some integration criterion, which typi
cally specifies that the situation-specific circumscription
should be formed on the basis of the nodes that have
been marked by all the different marker programs.

EXAMPLE APPLICATION OF THE
EKISYSTEM

The purpose of this section is to demonstrate how the
EKI system can be used as a research tool for investigat
ing inferencing and text comprehension in general. Weare
not proposing a new model, nor do we suggest any par
ticular interpretation ofan experimental data set. Instead,
we will simply show how the EKl system can be employed
as a tool for sharpening our theoretical understanding of
human inference processes. For this purpose, consider a
simple text that has been developed by McKoon and Rat
cliff (1986) and that has been widely applied in studying
inferencing: "The director and the cameraman were
preparing to shoot close-ups ofthe actress on the edge of
the roof of the 14-story building when suddenly the ac
tress fell" (see text material 2A in the Appendix ofMcKoon
& Ratcliff, 1986). From this text, a reader may possibly
infer that the actress died from the fall.

Method
In a subject-paced experiment, we presented this text,

phrase by phrase, to 10 participants, who were students at
the University ofKaiserslautern. They were asked to ver
balize all the relevant situational knowledge that came to
their minds. Thus, we used the knowledge elicitation
procedure that has been developed by Wetter and
Schmalhofer (1988). Following their guidelines, we sub
sequently coded the elicited knowledge and represented
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Figure 2. The components of (A) the inference generation process and (B) the knowledge in
tegration process.



208 SCHMALHOFER, FRANKEN, AND SCHWERDTNER

it in the six segments of the EKI knowledge base. From
the text and the knowledge base, we then created the plu
ralistic views with the CreateNet procedure (see Figure 1).
Through the text, crosslinks were established among the
various segments of the knowledge base. For instance,
actress became linked to the class of human beings in
the things knowledge base and to the class ofprofessions
in the ideas knowledge base. Because the knowledge
base that we obtained from the verbal protocols did not
contain a cause-effect relationship about falling from
high heights causing death, the critical inference could
not be produced by reproductive inference processes.
Therefore, we explored whether the critical inference of
the actress being dead may emerge from more creative
inference processes.

For this purpose, we selected the nodes falling and ac
tress as the focal nodes, and we supplied the marker pro
gram [(result) + (subclass action) *~ result] to thefalling
node and the program [(~ subclass) * (action result) *] to
the actress node. The marker program ofthe falling node
specifies that result links should be traversed, followed
by subclass and action nodes, which, in turn, are fol
lowed by an inverse result link (i.e., an antecedent link).
The marker program of the actress node, on the other
hand, traverses superclass links (i.e., inverse subclass
links), followed by action-result links.

Results
Figure 3 shows the paths that were identified by these

marker programs. More specifically, via the nodes dam
age, death, dying, mortal, and human being, a connect
ing path was found between falling and actress. With the
subsequent inference compilation process, the following
two explicit inference statements were generated: (1) "The
actress is performing the action offailing" and (2) "The
result of falling is dying." In Figure 3, these inferences
are represented by the two dashed lines that were added
to the net by the inference compilation process. With such
an explicit specification of inference construction, one
may now, for example, sharpen the discussion ofwhether

Figure 3. Example of an identified path and subsequent com
pilations of inference statements. From the path, the inference
(actress-action ~ falling-result ~ dying) is constructed.

priming effects in lexical decision or word-naming tasks
may be caused by the spreading activation (marker-pass
ing) process or the inference compilation process. Alter
natively, the activated nodes and their marker programs
could also be viewed as compound cues.

IMPLEMENTATION

The EKI system was designed in an object-oriented
manner. The core components of the EKI system are the
knowledge bases, the marker-passing process, and the
inference compilation process. In the knowledge bases
(knowledge net), one distinguishes nodes and links. All
nodes are instances of object classes. There is one basic
class, the BasicWorldClass, which has two subclasses:
the StaticWorldClass representing static entities and the
DynamicWorldf.lass representing changes. By using
Java, we programmed a user interface, whose interaction
style is very similar to that ofa large number ofother ap
plications on the World-Wide Web. A demonstrator ver
sion of this system can be viewed over the Net.? Because
of the existing security restrictions ofJava running under
Netscape, the demonstrator cannot access any files. A
regular version of the system, which allows full file access
is also available. Since Java is an object-oriented and
architecture-neutral programming language, the system
will be highly portable to almost any hardware platform.
Through the Java implementation, the EKI system can
thus be demonstrated to more text researchers and sub
sequently shared by a larger number of users.

CONCLUSION

The EKI system differs from previously developed
computer tools for text research (e.g., Mross & Roberts,
1990; Turner, 1987), in that it allows one to explicitly
model the inference generation process. Because the
EKI system was developed within the framework of
Kintsch's (1988) construction-integration theory, it does
have some theoretical biases, but these biases are rela
tively weak. Therefore, it can be generally applied to dif
ferent research questions. It can be used for simulating
inference processes according to the specifications de
rived from different models, such as the validation model
(Singer & Halldorson, 1996) or a causal analysis model.
The EKI system may indeed function as a general re
search tool for experimentalists and theorists, and it can
provide a common ground for comparing different posi
tions on inferencing in a more precise manner.
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NOTES

I. The program for matching regular expressions was written by
Steven R. Brandt (http://www.win.nef/-stevesoftipat/).

2. Additional information about EKI can be found at http://www.
dfki.uni-kl.de/-schmalho/eki/eki.html.
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