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Abstract. We simulate two examples of ambiguity resolution found in

human language processing in a neural blackboard architecture for sen-

tence representation and processing. The architecture also accounts for

a related garden path effect. The architecture represents and processes

sentences in terms of neuronal assemblies, related to the words and the

structure of the sentence. The assemblies are simulated as Wilson-Cowan

neuronal populations. During sentence processing predictions are gener-

ated in the architecture about the remaining structure of the sentence.

In the course of processing, the resulting sentence (structure) and word

representations in the architecture interact in a dynamical competition.

These interactions produce the language effects simulated here. The char-

acteristics of the architecture reveal how forms of higher level symbol-like

cognitive processing could be implemented in a neuronal manner.

Keywords: Ambiguity resolution; Garden path; Language; Neural black-

board architecture; Wilson-Cowan dynamics

1 Introduction

We simulate and discuss ambiguity resolution in sentence processing in our Neu-
ral Blackboard Architecture for compositional (sentential) representation [1].
The Neural Blackboard Architecture, or NBA for short, is capable of representing
and storing (multiple) arbitrary sentence structures, including novel sentences
and sentences with hierarchical structures. By means of dynamic competition in
the NBA, the architecture can answer questions about the relations expressed
in the stored sentences, even when multiple sentences are stored simultaneously,
and when specific words or names occur in different ’thematic’ roles in these
sentences [1]. Combined with a ’phonological neural blackboard’ it would also
be capable to represent and store sentences with novel (but phonologically reg-
ular) words or pseudowords [2,3]. Combined with a control network, the NBA
can also process novel sentences [4].
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Here, we will combine the ability of the NBA to process sentences using
dynamic competition within the NBA, to model two examples of ambiguity res-
olution found in human sentence processing. This will also allow us to discuss and
illustrate essential features of how the NBA (and neural blackboard architectures
in general) can represent and process complex symbolic forms of information in
neuronal terms. In this way, neural blackboard architectures can form a link be-
tween brain processing and higher-level forms of (human) cognition, which seem
to be dominated by forms of symbol-like processing. To underline this link, we
will also present ’event related potentials’ of the sentence processing derived in
the NBA.

This paper is structured as follows. In section 2 we discuss the ambiguity
resolutions we model and related effects. In section 3 we briefly present the
NBA, and we discus the way bindings are achieved in the architecture, the
characteristics of the architecture related to symbol-like processing, and the way
sentences are processed in the architecture. In section 4 we present and discuss
the simulations of ambiguity resolution.

2 Unproblematic ambiguities

Unproblematic ambiguities, or UPAs [5], are ambiguities that arise in the linguis-
tic structure of a sentence, but nevertheless do no cause difficulties in processing
the sentence. Lewis [5] reviews a set of 31 different UPAs presented in the lit-
erature. They are different in terms of the nature of the linguistic ambiguities
involved.

UPAs always come in pairs of sentences, in which the ambiguity is reflected
in the contrast between the two sentences involved. Here, we will simulate two
UPAs. As numbered in [5], they are:

UPA1-1. Bill knows John.
UPA1-2. Bill knows John likes fish.
and
UPA4-1. Without her we failed.
UPA4-2. Without her contributions we failed.
In UPA1 [6,7] there is a difference between John as direct object in UPA1-1

and John as subject of the complement clauseJohn likes fish in UPA1-2. In UPA4
[8] there is a difference between her as head of the preposition without her in
UPA4-1 and her as the possessive adjective in her contributions in UPA4-2.

The contrasts within the sentence-pairs should result in a processing difficulty
for the second sentence of the pair, because the words are presented (heard) in a
sequential order. In UPA1-2 the presentation of Bill knows John should result in
the structure of UPA1-1, resulting in a conflict when likes fish is presented. Sim-
ilarly, in UPA4-2 without her would produce the structure of UPA4-1, resulting
in a conflict when contributions is presented. Yet, these conflicts do not arise in
processing. Humans often even fail to notice them [5].

What is particularly interesting is the combination of UPAs with ambigu-
ities that do result in processing difficulties. Examples are garden path (GP)
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constructions such as The horse raced past the barn fell [9], in which a process-
ing difficulty arises becauseraced is interpreted as the verb of the main clause,
causing a conflict with fell. If all ambiguities would result in such processing
difficulties, this would indicate that human sentence processing derives from
single-path deterministic parsing [5]. But UPAs show that this is not the case.

Conversely, if all ambiguities would be unproblematic, this would indicate
that human sentence processing would result from a parallel process in which
multiple parsing options are developed, with the possibility of back tracking as
well. However, there are strong indications that human sentence processing is
an incremental process, producing parsing structures as fast as possible [9, 10],
as also indicated by the occurrence of GPs.

Indeed, there is a GP [8] that is closely related to UPA4. As numbered in [5],
it is:

GP6. Without her contributions failed to come in.
We will account for this GP in terms of the NBA as well.

3 Neural Blackboard architecture

Fig. 1 illustrates the representation of UPA1-1 in the NBA. The words are rep-
resented with ovals. They are assumed to be neuronal cell assemblies (or ’word
assemblies’), in line the assemblies as first discussed by Hebb [11]. In this way,
they can be extended over the brain (cortex), consisting of parts distributed over
different brain areas, depending on the nature (meaning) of the word. As such,
they constitute ’in situ’ representations, because they cannot (as a representa-
tion) be copied and transported to other locations [12]. In this way, they are also
grounded in perception and action [13].

To represent a sentence likeBill knows John the word assemblies are con-
nected to ’structure assemblies’ in the NBA. In particular, nouns are connected
to noun assemblies (N1 and N2 in Fig. 1), and verbs are connected to verb as-
semblies (V1 in Fig. 1). The noun and verb assemblies are connected to each
other or to other structure assemblies in the NBA, such as sentence assemblies
(S1 in Fig. 1). Structure assemblies consist of a main assembly (such as N1 or
N2) and a number of subassemblies (such as n or t in Fig. 1). The subassemblies
are used to bind main assemblies of different types in the NBA. For example
V1 and N2 are bound by their t (theme) subassemblies in Fig 1. Assemblies are
assumed to consist of groups (or populations) of neurons, instead of just single
neurons.

Connections between main assemblies (MAs) and subassemblies (SAs), and
between SAs, are illustrated with thick line connections in Fig. 1, to show that
they are not just associative (direct) connections between neural populations.
Instead, they consist of gating circuits. Fig. 1 illustrates a gating circuit between
N1 and its SA N1-n (in the direction of N1 to N1-n). In this circuit N1 activates
a population X. At the same time it activates an inhibitory population i, which
inhibits X. So, N1 cannot activate N1-n in this situation. But i can be inhibited
by a population di. This inhibition of inhibition (or dis-inhibition) opens the
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Fig. 1. NBA representation of Bill knows John. Ovals represent words. Circles represent

structure assemblies in the NBA. Main Assemblies (MAs): N = noun, S = sentence,

V = verb. Sub-Assemblies (SAs): n = noun, v = verb, t = theme (object). Red =

binding, grey = activity.

gate between N1 and N1-n, because now N1 activates X and X activates N1-n.
Similar gating circuits exist between all MAs and their SAs in both directions,
between all SAs of the same type, and between the word assemblies and their
corresponding MAs.

So, to open the gate the disinhibition population di needs to be activated. It
is assumed that this is done by an external control signal. In sentence processing
this results from a parsing network that responds to the word presented and the
current activation state of the NBA [4]. In the process of answering questions
(retrieving information) this results from the information given by the question
[1, 14]. The connections between SAs also consist of gating circuits. In this case,
the signal to open the gate results from a population that exhibits sustained
(or delay) activity. This activity is initiated during the parsing process, and it
represents the working memory (WM) in the NBA. So, when John is parsed as
the theme of knows in Fig. 1, the parsing process activates the WM population
between the SA V1-t and the SA N2-t. As long as this WM population is active,
activation can flow between these SAs. Hence it reflects the binding of these
SAs, which we represent as V1-t=t-N2 in the text. The binding between word
assemblies (e.g., John) and MAs (e.g., N2) proceeds in the same way. Binding
remains as long as the WM activity in the NBA is sustained [1].

In Fig. 1 the red connections represent bindings in memory. Grey ovals and
circles represent active assemblies. The bottom-right structure in Fig. 1 repre-
sents the situation in the NBA when Bill knows John is stored and the query Bill
knows? is posed. The query activates the word assemblies Bill and knows. They
are the same as the assemblies Bill and knows in the structure Bill knows John
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(because they are in situ [12]). This activates N1 and V1 in the NBA, because
they are bound to Bill and knows. The query also indicates that Bill is the sub-
ject of knows. This information can be used to open the gates between N1-S1-V1,
thereby activating the partial structure Bill knows in the NBA. The query also
asks for the theme of the verb. This information can be used to open the gate
between all Vi MAs and all Vi-t SAs. This will result in a flow of activation
between V1 and N2, resulting in the activation of the answer John.

3.1 Binding structure in the NBA

More information about the binding process in the NBA is illustrated in Fig. 2
(left), using the example of V1-t=t-N2 binding in Fig. 1. Each Vi-t is connected
to a (’vertical’) row of ’columns’ in a Connection Matrix (CM). Likewise, each
Nj-t is connected to a (’horizontal’) row of columns in the same CM. Each specific
binding in the NBA occurs in a specific CM in which the SAs of the same type
are connected to each other. A specific binding such as V1-t=t-N2 occurs in the
column of their CM where the rows of V1-t and N2-t meet.

Each column in a CM consists of a ’working memory’ (WM) population that
is activated by a gating circuit when its corresponding SAs (V1-t and N2-t in Fig.
2) are simultaneously active [1]. In turn, this WM population activates gating
circuits that allow activation to flow from V1-t to N2-t and from and N2-t to
V1-t. Thus, when V1-t is active it will also activate N2-t and vice versa. This is
what binding entails in the NBA.

N1-t

V1-t

= inhibition

V1-t

N2-t

S1-n

N2-n

inhibition

Fig. 2. Binding structure in the NBA. V = verb, N = noun, C, c = clause, t = theme.

To make binding selective, the active column in a CM inhibits all other
columns of the same SAs in the CM (thus all columns on the horizontal and
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vertical rows to which it belongs). This embodies the constraint that a specific
word (verb, noun) has a specific role in a sentence. For example, when N2 is
bound to V1 as its theme it cannot bind to another Vi as theme (although the
word John bound to N2 can bind to another verb as theme, by also binding to
another Nj). Furthermore, when N2 is bound to V1 as theme it cannot bind
to, say, S1 as subject. This constraint is implemented by an inhibition between
specific columns belonging to conflicting binding CMs, as illustrated in Fig. 2
(right). Both types of constraint satisfying inhibitions play an important role
in the NBA in ambiguity resolution (but also in the occurrence of garden path
sentences). Further details of the binding process and the process of answering
queries can be found in [1].

3.2 Characteristics of the NBA in representing symbolic forms of
information

Although we cannot discuss all details of the NBA here, there are a few features
we like to emphasize. The first one is the in situ nature of word representation.
This ensures that word representation is grounded [13], unlike arbitrary symbols
in a symbolic architecture. It also ensures that sentence memories are content
addressable, as illustrated in Fig. 1. By activating words and word phrases, the
corresponding parts in the NBA are activated as well. This, in turn, is crucial
for retrieving information from the NBA, without having to rely on a deliber-
ate ’central controller’ that ’decides’ to retrieve such information by launching
an unrestricted search process in its architecture (such a process will be unre-
stricted because no initial information of where to find the searched information
is available). In contrast, the content addressable nature of the NBA allows the
search for information to be controlled by the information given (e.g., by queries
or perceptions). But by generating random activity, the NBA could initiate a
more uninformed search process as well (but the lesson here is that it is not
bound to do this always, as in architectures where information is not content
addressable).

Secondly, even though word representations cannot be copied, they can be
represented at multiple sites in a sentence structure. For example, John knows
John can be represented in the NBA by binding John to both N1 and N2.
So, whenJohn is activated, it will then activate both N1 and N2. Nevertheless,
this will not result in a (potentially) unwanted activation of the whole sentence
structure, because the activation process is controlled by the gating circuits, here
in particular by the circuits from N1 to N1-n and from N2 to N2-t.

Thirdly, the temporal binding between words and the NBA can provide a
(temporal) representation of any sentence, including novel sentences not seen
before, and it can retrieve information from these sentences in the manner as
illustrated in Fig. 1. The reason for this is that the NBA offers a connection
structure that resembles a ’small world’ [15]. This small world-like connection
structure allows the binding of arbitrary word assemblies in a temporal con-
nection structure. This connection structure, in turn, is essential for producing
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behavior based on the sentence structure such as answering queries [3]. For ex-
ample, the query Bill knows? in Fig. 1 produces a flow of activation in the NBA
that links the grounded (in situ) word assemblies Bill and knows to that of John.
This flow of activation then results in the activation of John as the answer of
the query. This process can be seen as a model for the production of behavior in
the brain, based on some kind of initiating information (which could result from
perception, queries, or even internally generated random activity). Without a
flow of activation, the production of behavior, and thus the binding of arbitrary
forms of information (such as the word assemblies here), will not be possible in
a neural system [3].

3.3 Sentence processing in the NBA

We will illustrate sentence processing with the structure of UPA1-2 Bill knows
John likes fish, illustrated in Fig. 3 (left). We have simplified the representation,
compared to Fig. 1, by dropping the thick line connections, representing words
without ovals and using a single SA to represent the connection with correspond-
ing SAs of two connected MAs. But these structures (and those in [1]) are still
implied.

In [4] we modelled sentence processing by training a feedforward network to
recognize combinations of word information and ongoing activity in the NBA,
and to generate (additional) activity in the NBA as a response. Based on a set of
sentences, the network learned to control the processing of a substantial larger
set of sentences, provided they use similar word and phrase (clause) types as in
the learned sentences.

In terms of such a control network, the processing of Bill knows John likes
fish in Fig. 3 proceeds as follows. The first word is recognized as a noun and
binds to an arbitrary (but ’free’ [1]) noun assembly, labeled N1. The first word
also initiates the activation of S1, indicating that a sentence will be represented.
When S1 is activated, the SAs S1-n and S1-v are activated as an expectation
(prediction) that a subject and verb will bound to S1. So, at this stage we have
the activation of N1, S1, S1-n and S1-v.

When the active verb knows is presented it binds to V1. The combination of
Bill knows (noun, active verb), in combination with the activity of S1-n and S1-v,
is recognized as subject-verb of the main sentence. This results in the activation
of N1-n and V1-v, which bind to S1-n and S1-v respectively.

Furthermore, knows is a verb that can bind to either a theme or a complement
clause. This will result in the activation of the SAs V1-c (used for binding a
clause) and V1-t (used for binding a noun as theme). The activation of these
SAs is produced by control signals that activate the gates between verb MAs
and verb SAs verb-c and verb-t. These control signals are initiated by the control
network. They operate on all gating circuits between all verb MAs and all SAs
verb-c and verb-t. This general activation is a consequence of the fact that the
control network itself does not store sentence information. So, it does not ’know’
to which specific verb MA knows is bound. However, because V1 is the only
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Fig. 3. Left: Representation of Bill knows John likes fish in the NBA. Right: Repre-

sentation of Without her contributions we failed in the NBA. PP = preposition, Pr =

pronoun, ps = possession, pv = preposition-verb, pn = preposition-noun. Dashed lines

indicate inhibition (Fig. 2).

active verb MA, the control signals affect only the relation between the MA V1
and the SAs V1-c and V1-t.

The word John binds to N2. The combination of a noun and V1-c and V1-
t initiates the activations of N2-t (expecting the noun to be the theme of a
verb) and N2-n (expecting the noun to be subject of a complement clause). The
combination of V1-t and N2-t results in the binding V1-t=t-N2. In the case of
UPA1-1 Bill knows John this ends the processing of the sentence. Because of the
binding V1-t=t-N2 John will be the answer to the query Bill knows?.

In the case of UPA1-2 Bill knows John likes fish, the verb likes binds to V2.
The combination of V2 and the SAs V1-c and N2-c generates the activation
of the C1 clause MA and the activations of the SAs C1-c (needed to bind the
complement clause to the sentence), C1-n (needed to bind a noun as subject
of the complement clause) and C1-v (needed to bind a verb as the verb of the
complement clause). V2-v (likes) will bind to C1-v directly.

But for the bindings of C1-c to V1-c and C1-n to N1-n a conflict arises,
because V1 is already bound to N2 as its theme. Because V2 cannot bind to both
a theme and a complement clause, there is an inhibitory competition between
these bindings, in the manner of Fig. 2. The same occurs for the bindings of
N2 as the theme of knows and the subject of the clause. The competitions are
illustrated with the dashed lines in Fig. 3. Below, we will simulate how this
conflict can be resolved in the NBA. When it is resolved, the processing of the
rest of UPA1-2 is straightforward, because N3 (fish) will bind to V2 (likes) as
its theme.
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Fig. 3 (right) shows the structure of UPA4-2 Without her contributions failed
to come in. The first word without binds to a preposition MA PP1 and activates
the SA PP1-pv, which will regulate the binding of PP1 with a verb. PP1 also
activates the SAs PP1-pn (predicting a head of the preposition).The pronoun
her binds to Pr1 (pronoun MA) and activates the SAs Pr1-pn (as prediction
that her is the head of PP1) and Pr1-ps (as prediction that her is a possessive
adjective). There is a competition between these two SAs. The SA Pr1-pn binds
to one SA (binding column) of PP1-pn (because that is active also), which we
label as PP1-pn1. In UPA4-1, we failed will bind as subject and verb of the main
sentence, which ends the processing of the sentence. It is clear that her is bound
to without as head.

In UPA4-2, contributions binds to N1 and activates the SAs N2-ps and N2-
pn. The latter will bind with a SA (column) of PP1 labeled PP1-pn2. There
is a competition between the bindings of PP1-pn1 and PP1-pn2, as illustrated
in Fig. 2. The SA N2-ps will bind with Pr1-ps. The competitions between the
conflicting bindings will resolve the ambiguity (see below).

The example in Fig. 3 shows that sentence processing (parsing) in the NBA
is not just about recognizing syntactic regularities in a recognition network. In-
stead it is about building a representation of the sentence that can be used in
further behavior (e.g. answering queries). For this, the control network initiates
activations of MAs and SAs in the NBA, in response to the incoming words,
and as expectations of the rest of the sentence based on experience. In turn, the
activations in the NBA influence the control network. This interaction between
control and activation in the NBA reduces the burden on the control network
of having to store a history of sentence information. Instead, it can learn to
recognize contingencies of sentence information (given by the words presented)
and expectations (given by the activations in the NBA), and relate these con-
tingencies to further actions in the NBA [4]. Potential conflicts that arise in this
process can be resolved by a dynamic competition in the NBA or result in a
failure to process a sentence, as outlined below.

4 Simulation of the NBA

4.1 Dynamics

We model the populations in the NBA with Wilson Cowan population dynamics
[13], as illustrated in Fig 4.

Each population consist of groups of interacting excitatory (E) in inhibitory
(I) neurons. The behavior of the E and I groups are each modeled with an ODE
at population level. Both ODEs interact and they receive input from outside. Fig.
4 shows their behavior when they receive excitatory input and their maximum
activity is 100 spikes per second.

In our simulation, all MAs, all SAs and all the populations in the (gating)
circuits are modeled as W-C populations. The E and I neurons determine the role
of a population. Thus, if population A excites another population, the output



10 Frank van der Velde
1
and Marc de Kamps

2

is given by the E neurons in A. In contrast, if A inhibits other populations, the
output results from its I neurons.

E dE/dt  =  -E  +  f( E  -   I  +  V(t))

I dI/dt  =  -I  +  f( E  -   I  +  V(t))

f(x)  =  fmax  1  /  (1  +  e- (x  -  T))

V(t)  =  input

T  =  Threshold

E,  I

V

Population:
-  Combination  of  ecitatory  (E)  and  inhibitory  (I)  cells
-  External  input  (V)

Wilson  &  Cowan  (1972):

I

E

Fig. 4. Dynamics in the NBA, based on Wilson Cowan population dynamics [16].

A working memory (or delay) population consists of two interacting popu-
lations, say A and B. The output results from A. The role of B is to sustain
the activity by its interaction with A. We assume that B has a lower activation
maximum than other populations. This results in a reduced activity of a working
memory population when it relies on delay activity only (i.e., does not receive
input).

MAs of the same type inhibit each other [1]. For example, when a new N
MA is activated, it inhibits the previously active N MAs. SAs do not inhibit
each other. Instead, they can be inhibited when a binding between them is
achieved. In that case, the WM population in the binding column can activate a
gating circuit that inhibits the SAs to which it belongs. This prevents a grid-lock
situation in which a complex of SAs and their WM binding population activate
each other constantly. However, the gating circuit needs to be activated by a
control signal. We assume that during sentence processing this gate is activated
when a binding has been achieved, but it will not be inactive in the process of
answering queries. This form of control is one of the external control signals by
which processing in the NBA can be influenced [14]. Competition in the NBA
results from the interaction between binding columns as outlined in Fig. 2.

All populations operate with the same parameters, giving the behavior as
illustrated in Fig. 4. All weights are the same, with the exception of a 1.5 times
stronger weight with which a WM population inhibits its SAs, and a 0.75 weaker
weight between competing SA bindings. The behavior of the populations is sim-
ulated with a fourth order Runge Kutta numerical integration (with h = 0.1).
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Words are presented at 300ms intervals. It is assumed that they directly activate
their respective MAs.

4.2 Simulation of unproblematic ambiguities

Fig. 5 (left) presents the activations of the binding WM populations in the
respective CMs (Fig. 2) when the NBA processes UPA1-2. The first binding
that occurs is the binding of S1 and N1 with their n SAs, i.e., the binding S1-
n=n-N1 (red line, labeled S1nN1). The second binding is S1-v=v-V1 (blue line,
S1nvV1). These bindings are unproblematic, representing Bill knows as subject
and verb of the main sentence.

PP1pn2N1Pr1psN1
S1vV1PP1pn1Pr1

V1pPP1

S1n1Pr2

Without her contrib. failedwe

Time (ms)

S1nN1 S1vV1
V1tN2

Bill knows John !shlikes

N2nC1C1vV2 V2tN3

V1cC1

Time (ms)

Fig. 5. Left: Activation of binding populations in UAP1-2. Right: Activation of binding

populations in UAP4-2.

The third binding is that of John as theme of knows, given by V1-t=t-N2
(green line, V1tN2). This population is initially activated, indicating that John is
bound to knows as theme. But with the rest of the sentence, the activation of this
population declines, eliminating the binding. This occurs when likes introduces a
complement clause (C1). At this point the conflicting bindings illustrated in Fig.
3 (left) arise. The first binding activated after likes is C1-v=v-vV2 (blue dash,
C1vV2), reflecting that likes is the verb of the clause John likes fish. After that,
the bindings V1-c=c-C1 (black line V1cC1) and N2-n=n-C1 (red dash, N2nC1)
are activated and the binding V1-t=t-N2 (green line, V1tN2) is deactivated.
This indicates that the competition between the SAs illustrated in Fig. 3 results
in a binding of John likes fish as a complement clause to the verb knows, which
solves the ambiguity in UPA1-2. The final binding is that of fish as theme of
likes, given by V2-t=t-N3 (green dash, V2tN3).
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Fig. 5 (right) shows the binding activations in UPA4-2. The first one is
that of her as head of PP1, given by PP1-pn1=pn-Pr1 (red dash, PP1pn1Pr1).
When contributions is presented, the binding conflict illustrated in Fig. 3 arises.
It results in the deactivation of PP1-pn1=pn-Pr1 (red dash, PP1pn1Pr1) and
the activation of Pr1-ps=ps-N1 (green dash, Pr1psN1), indicating her as pos-
sessive of contributions, and PP1-pn2=pn-N1 (blue dash, PP1pn2N1), indicat-
ingcontributions as the head of PP1. This resolves the ambiguity of UPA4-2. The
activation of we failed results in the bindings S1-n=n-nPr2 (red line, S1nPr2),
representing we as the subject and S1-v=v-vV1 (blue line, S1vV1), represent-
ing failed as the verb of the sentence. The binding V1-pv=pv-PP1 (green line,
V1pvPP1) binds the preposition without her contributions to failed.

Fig. 6 (left) illustrates the bindings of Without his contributions we failed.
This sentence is similar to UPA4-2, except for his instead of her. We label this
sentence UPA4-2a. With this sentence, thus withhis instead of her, the ambiguity
of UPA4-2 (Fig. 3) does not arise because the contrast sentence Without his we
failed is not correct. So, there are no conflict bindings forhis. This is reflected in
the direct activation of all bindings in this sentence, without competition and
delay, as illustrated in Fig. 6 (left).

PP1pn1Pr1

PP1pn2N1

Pr1psN1

Without his contrib. failedwe

S1vV1
V1pvPP1

S1nPr2

Time (ms)

Without her/his contrib. failedwe

Time (ms)

her

his

Fig. 6. Left: Bindings in UPA4-2a. Right: Overall activation in the NBA with UPA4-2

(red) and UPA4-2a (blue). After 1500 ms a stop signal terminates activity in the NBA.

The difference between his and her can be seen in the overall activity of all
populations in the NBA when these sentences are processed (with about 250
populations for each sentence). Fig. 6 (right) presents the overall activity in the
NBA for both sentences (normalized to fall within the range of single population
activity). A distinctive pattern (’event related potential’) occurs after the words
his or her.
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UPA4-2 is also related to GP6: Without her contributions failed to come in.
The fact that this is a garden path sentence can be seen in the binding activities
of UPA4-2 in Fig. 7. Initially, her binds as head of PP1 (as it should in GP6). But
when contributions is presented, the binding conflicts result in the binding of her
as possessive of contributions and contributions as head of PP1. This solves the
ambiguity for UPA4-2, but it results in the wrong bindings for GP6. However,
the correct binding of her as head of PP1 cannot be restored at this point in the
process, resulting in the garden path processing of the sentence.

PP1pn1Pr1

PP1pn2N1
Pr1psN1

Without her contrib. failed

Time (ms)

S1vV1

V1pvPP1

Fig. 7. Activation of binding populations in Without her contributions failed (GP6).

5 Conclusions

We simulated ambiguity resolution in our Neural Blackboard Architecture of
sentence processing. The architecture can account for the unproblematic ambi-
guity examples we simulated by means of the dynamical competitions that arise
in the architecture during sentence processing. In the same way, it accounts for
a related garden path effect as well. We propose that GPs are fundamentally dif-
ferent from UPAs in this regard, and that our mechanism underlies the observed
difference in performance between these two categories. We aim to model other
examples of ambiguity resolution and garden path effects as well. This will also
help us to further develop this and other neuronal architectures for symbol-like
forms of higher level cognitive processing.
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