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Starting with Frege 

Gottlob Frege in Gedankengefüge (1923, p.55): 

 “It is astonishing what language can do. With a few syllables it 

can express an incalculable number of thoughts, so that even a 

thought grasped by a terrestrial being for the very first time can 

be put into a form of words which will be understood by someone 

to whom the thought is entirely new. This would be impossible, 

were we not able to distinguish parts in the thoughts 

corresponding to the parts of a sentence, so that the structure of 

the sentence serves as the image of the structure of the thought.” 

Messages: 

I. Compositional Semantics 

 The meaning of a syntactically complex expression is a syntax-dependent function of the 

meanings of its syntactic parts (homomorphism between syntax and semantics). 

 µ((s1, …, sn))=m(µ(s1), …, µ(sn)). 

II. Symbolic Semantics 

The meanings of the parts of  a complex expression are themselves parts of the 

meaning of the complex expression. 

s ⊑synt t → µ(s) ⊑sem µ(t). 

 Every part-whole relation is: 

 transitive: x ⊑ y & y ⊑ z → x ⊑ z, 

 anti-symmetric: x ⊑ y & y ⊑ x → x = y.  
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1. Language of Thought (Fodor, 1972, 2008) 

 

 Meanings are identified with mental concepts. 

 Mental concepts are concatenative. 

 They functionally correspond to discrete entries on the tape of a Turing machine: 

 

 µ(Fido is a dog) =  

 µ(Fido is not a dog) = 

 

 The syntactic part-whole relation between terms, on the semantic level, 

corresponds to a substring relation between mental concepts. 

 The LOT account of  meaning promises a compositional and symbolic semantics 

for natural language. 

 LOT unifies the theory of meaning with a theory of intentional states: An 

intentional state is a relation between a subject and a (possibly complex) mental 

concept. 

 LOT also integrates a theory of cognition: Cognition is symbol manipulation on 

mental concepts in a analogy to the operations of a Turing machine on the 

entries on its tape. 

# DOG FIDO # 

NOT DOG FIDO # # 
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. Vector-symbolic Architectures 

 Smolensky (1990/1995); Plate (2000); Stewart & Eliasmith (2012) 

 Meanings are identified with vectors that correspond to states of distributed activity in a neural 

network.  

 Using the operations of binding ⊗ (cyclic convolution ) and merging ⊕ (addition) complex 

meaning vectors are generated as holographic reductions. 

µ(The dog chases the cat) = dog⊗agent ⊕ chase⊗event ⊕ cat⊗theme 

 Meaning constituents can be recovered from complex meanings by an inverse operation of 

unbinding. 

 Compositionality and symbolicity are warranted. 

(adapted from Stewart & Elliasmith, 2012) 

dog⊗agent ⊕ chase⊗event ⊕ cat⊗theme 
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Compositionality and Symbolicity are Independent 

 Both LOT (computational) and VSAs (connectionist) are compositional and symbolic 

theories of how linguistic meaning is realized. 

 However, semantic compositionality and symbolicity are logically independent. 

 Meaning in model-theory: compositional, but not symbolic 

 Models: universes with specific assignments of 

• singular terms  objects 

• predicates  properties/sets of objects 

 Proposition = set of possible worlds that make the sentence true under the respective 

assignment : µ(p)={w | w╞ p}. 

 In MT Semantics compositionality is warranted, but symbolicity is denied. 

 Example: Negation 

 Though every sentence is a syntactic part of its (sentential) negation, its meaning is not 

contained as a part in the meaning of its negation in whatsoever sense of part. 

 Proof 

    p ⊑synt ¬p ⊑synt ¬¬p 

 symbolicity by hypothesis: µ(p)⊑sem µ(¬p) ⊑sem µ(¬¬p) 

 by elimination of negation: µ(p)⊑sem µ(¬p) ⊑sem µ(p) 

 by anti-symmetry of ⊑sem: µ(p) = µ(¬p)   
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Representation as neural emulation 

 Emulation = network eigenstate with non-arbitrary/informationally backed 

assignments of 

 singular terms  neural object signatures (e.g., neural oscillations) 

 predicates  neural feature maps/frames of neural feature maps 

 Propositional representation = set of emulations that make the sentence true under 

the respective assignment: µ(p)={i| i╞ p}. 

 Emulations are (partially) isomorphic to models. 

 Isomorphism between EMU Semantics – MT semantics: 

  The formal properties of MT semantics transfer to emulative semantics. 

  EMU semantics is compositional 

  EMU semantics is non-symbolic 

  The strength of MT semantics as a semantics of natural language transfers to 

EMU semantics 
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Neural Feature Maps With Topological Structures 

Fragment (ca. 4mm²) of the neural feature 
map for the attribute orientation of cat V1 
(adapted from Crair et. al., 1997). 

Color band (ca. 1 mm²) from 
the thin stripes of macaque 
V2 (Xiao et. al., 2003).  

Neural map for direction of 
movement in area MT of Cebus 
apella monkey (Diogo et al, 2002) 

: 

Neural map (ca. 250 mm²) of forelimb 
movement in macaque primary motor 
(F1) and dorsal premotor cortex (F2, 
F7) (Raos et al., 2003). 

 receptor/ 

effector topology: 

neighboring regions of 

neurons code for 

neighboring regions of 

the receptor/effector; 

 feature topology: 

neighboring regions of 

neurons code for similar 

features in the 

respective attribute 

space. 
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Object Binding From Three Perspectives 

Logic 

Object binding (reification) is achieved by 

predication and quantification. The quantifier 

binds the object variable of the predicative 

formula and thus reifies an object with the 

predicated properties. 

 

Psychology of perception 

Object binding (grouping) is ruled by the Gestalt 

principles. 

There are a number of attributes (color, 

orientation, size, trajectory, etc.) such that 

neighboring stimulus elements with like attribute 

values are bound (grouped) into one object. 

 

Neuroscience 

Object binding is achieved by neural 

synchronization.  

Neurons coding for values of certain attributes 

have the function to synchronize their electrical 

discharge behavior only if the coded attribute 

values are instantiated by the same object in 

their receptive field. 

xy: Red(x)Vt(x)Green(y)Hz(y) 

 

 

Two cells from different columns 
of area 17 of cat visual cortex with 
overlapping receptive fields are 
recorded. The cross-correlogram 
shows synchronization in the one-
object case (from Engel et al. 
1991). 
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Oscillatory Networks 

 The network topology reflects the neural receptor (xy-plane) and feature topology (z-axis) 

 Each module realizes one attribute. 

 The layers in each module realize the attribute values. 

 Gestalt principles are modeled in a biologically realistic way: 

 Oscillators activated by neighboring stimulus elements with like attribute values 

synchronize. 

 Oscillators activated by neighboring stimulus elements with unlike attribute values de-

synchronize. 

 Binding across attributes: 

 The layers of different modules are connected in a synchronizing way that respects the 

common receptor topology. 

(Maye, Neurocomputing, 2003; Maye & 
Werning, Neurocomputing, 2004) 
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Mathematical Models 

Mean-field Model 

Phase-coupled model 

Phase-coupled model with amplitude-dependent frequencies 

(Maye & Werning, Neurocomputing 2004,  
CCL 2007; Salari, 2007)  
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Embrained Emulation (schematic view):  

 Two objects (bottom line) are represented with their properties by synchronous 

oscillatory activity (pink and blue) across property-selective neuronal clusters for 

colors and shapes. 

 The dynamical state represents the content of the sentence: 

There is a red circle and a green square. 

 Content is established through a partial isomorphism: Oscillations are mapped 

one-to-one to objects and property-selective neuronal clusters one-to-to one to 

properties. 
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Network Simulation 

v1 

v2 

     red     green       vertical      horizontal 

The network dynamics (first eigenmode) is an emulation with the content 

This is a red vertical object and that is a green horizontal object 

if one assigns the predicates to the respective feature layers and the object terms to 

properly chosen oscillation functions. 

1╞ Ga  Ha  Rb  Vb  ¬a=b. 

Compositionality could be proven (Werning, Synthese 2005; OHC 2012). For an 

extension to event semantics see Werning (Behavioral and Brain Sciences, 2003). 
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Object-Related Oscillations in the Brain (Onat et al. 2011) 
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Emulative Semantics 

 Delta  function: (x,y) measures the degree of synchrony between two oscillation functions. 

 Constant assignment:  maps object terms to oscillation functions and predicates to feature 

layers (represented by matrices). 

 Model relation: i ╞d  “The sentence  is represented as true in eigenmode i to degree d (under 

assignment ).” 

 Identity: i╞d a=b if and only if d = ((a), (b)). 

 “Identity statements are represented as true in an eigenmode to the degree the oscillations 

expressed by the two object terms are synchronous.” 

 Predication: i╞d Fa if and only if d = max {((a),fj) | f = ci(t) (F) vi}. 

  “A predicative statement is represented as true in an eigenmode to the degree of the 

maximal synchronization between the oscillation and the eigenmode-specific share of 

oscillatory activity in the feature layer.” 

 Conjunction “and”: i╞d   if and only if d = min {d’,d’’| i ╞d’, i ╞d’’ }. 

 “A conjunction is represented as true in an eigenmode to the degree of the minimum of 

either conjunct.” 

 Negation “not”: i ╞+1 if i╞-1 ; and i╞-1  else. 

“The negation of a statement is represented as true (d=1) in an eigenmode just in case the 

statement itself is represented as false (d=-1).” 

 The disjunction “or”, the implication “if, then”, the existential quantifier  “there are” and the 

universal quantifier “all” can also be evaluated. (Werning, Synthese, 2005) 

 Emulative Semantics is isomorphic to (an extension of) model-theoretic semantics 

 Extension to event semantics (Werning, Behavioral and Brain Sciences, 2003) 

 Extension to discourses (Cheng & Werning, Behavioral and Brain Sciences, 2013) 
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PET Study on Picture Naming Task 

 Naming pictures of animals and tools 

was associated with bilateral activation 

of the ventral temporal lobes and 

Broca's area. 

 In addition, naming animals 

selectively activated the left medial 

occipital lobe - a region involved in the 

earliest stages of visual processing. 

 In contrast, naming tools selectively 

activated a left premotor area also 

activated by imagined hand 

movements, and an area in the left 

middle temporal gyrus also activated by 

the generation of action words.  

(From Martin et al, Nature, 1996) 
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FMRI Study on Body-part Related Verbs 

 The activation of the motor strip is essential for semantic processing and not just 

a secondary imaginary process: 

 The activation occurs shortly after the hearing/reading of the word (100-150ms, 

Boulenger, 2009) 

 In patients with amyotrophic lateral sclerosis (ALS) the gradual degeneration of 

the motor cortex correlates with a gradual impairment of semantic memory 

(Grossman et al. 2008). 

 

 

 

Schematic illustration of the cortical 
systems for language and action. 

Cortical activation during movement and during passive 
reading of action words. (Pulvermüller, TiCS, 2005) 
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The Case of Negation 

 With regard to negation symbolicism and EMUSem generate contrary predictions 

with regard to semantic constituent relations. 

 Assumptions in Tettamanti et al. (2008): 

 action words > abstract words: left fronto-parieto-temporal network (LFPT). 

 abstract words > action words:  posterior cingulate cortex (PC). 

 Predictions of symbolic semantics: 

 not(Akt(x)) > Akt(x): no deactivation of  LFPT because Akt(x) ⊏sem not(Akt(x))  

 not(Abs(x)) > Abs(x): no deactivation of  PC because Abs(x) ⊏sem not(Abs(x))  

 Emulative semantics: inverse predictions 

 not(Akt(x)) is complementary to Akt(x)  

 not(Abs(x)) is complementary to Abs(x)  
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fMRI 

 Results 

 not(Akt(x)) > Akt(x): deactivation of  LFPT 

 not(Abs(x)) > Abs(x): deactivation of  CP 

 Interpretation: The results conflict with the predictions of the symbolic theory and cohere 

with those of EMUSem. 

 AffAct: “Adesso io premo il bottone”, “Now I push the button”;  

 NegAct: “Adesso non premo il bottone”, “Now not push the button”; 

 AffAbs: “Ora io apprezzo la fedeltà”, “Now I appreciate the loyalty”; 

 NegAbs: “Ora non apprezzo la fedeltà”, “Now not appreciate the loyalty” 

Tettamanti et al. (2008): 
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Empathy and the Comprehension of Emotion Contexts 

 Prediction: If EMUSem is an appropriate 

theory of linguistic comprehension, then 

emotional empathy should correlate with the 

N400 effect for linguistic emotion contexts. 

 Presuppositions: 

1. The simulation theory of emotional 

empathy (Gallese 2003; Goldman, 2008): 

• Empathy with the emotions of others 

involves the simulation of those 

emotions by one‘s own emotion 

network. 

• This simulation of those emotions 

activates the „mirror neuron system“ in 

one‘s own cerebral emotion areas. 

 

 

2. The N400 effect reliably indicates the 

violoation of semantic expectations in the 

linguistic comprehension of sentences. 

E.g.: empathy with disgust: Wicker et al. 

(2003) 

E.g. “The Pizza is too hot to eat/drink/fly” 

generates centro-parietal negativity in the event-

related potential 400 ms after the onset of the 

incongruent/ unrelated cue word. (Kutas, 2007, 

for review) 
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Multifaceted Empathy Test (MET, Dziobek, 2008) 
3x40 pictures Explicit affective 

empathy 
Implicit affective 
empathy 

Cognitive empathy 

Positive valence „Wie sehr fühlen Sie mit 
der Person?“ 
1-9: „gar nicht“-“sehr 
stark“ 
 
 
 
 
 
 

„Wie sehr erregt Sie 
dieses Foto?“ 
1-9: „gar nicht“-“sehr 
stark“ 
 

„Wie fühlt sich diese 
Person?“ 
1 out of 4: 
a) Verliebt 
b) Genüßlich 
c) Belustigt  
d) Unbekümmert 
 
 

Negative valence 
 
 
 
 
 
 

„Wie sehr fühlen Sie mit 
der Person?“ 
1-9: „gar nicht“-“sehr 
stark“ 
 
 
 
 
 
 
 
 

„Wie sehr erregt Sie 
dieses Foto?“ 
1-9: „gar nicht“-“sehr 
stark“ 
 

„Wie fühlt sich diese 
Person?“ 
1 out of 4: 
a) Verbittert 
b) Betrübt 
c) Mutlos 
d) Totunglücklich 
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ERP study: 3x3 design 
Content/Congruence congruent incongruent unrelated 

INT: emotion (intentional 
emotion) 

Als Leonies Lieblingsband eine neue Platte 
veröffentlicht hat, ist sie darüber beglückt. 
When Leonie‘s favorite band published a new 
record, she was very happy about it. 

 
… betrübt. 
 
sad 

 
… beschämt. 
 
ashamed 

PHYS: Non-emotional 
control (physical) 

Da niemand die Türen jemals geölt hatte, 
begannen sie nach kurzer Zeit zu quietschen. 

Since nobody had oiled the doors, they soon 
began to squeak. 

 
…bollern. 
 
thud 

 
…tröpfeln.  
 
drip 

Criteria for stimuli: 

 Two-clause construction linked by a subordinatíng or coordinating conjunction. 

 No local semantic or syntactic violations within each clause. 

 last word = cue word 

 no repetitions within subjects 

 Cue word: 

 bisyllabic adjective or verb (balanced across conditions) 

 of intermediate frequency (no-significant frequency differences between conditions) 

 At least bivalent adjectives or verbs for INT. 

 32 sentences per condition for each subject (minimally 25 valid segments per condition after EOG 

correction and artifact rejection) 

 Subjects: 

 34(40) female right-handed adult neurotypical native speakers of German. 
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N400 and P600 effects for emotion words 

N=34 
p(N400)=0.0006 
p(P600)=0.0008 
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N400 and P600 effects for physical controls 

N=34 
p(N400)=0.0003 
p(P600)=0.0004 
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N400 effect for emotion words depends on affective empathy 

 EFFECT: Average of the means of channels   

Fp1,Fp2,F3,Fz,F4  of the difference ( UNREL - 

CON)  in time window of the main N400-effect. 

 Median split of HIGH and LOW direct 

affective empathizers (N: 17/17) 

 Independent t-tests comparing the EFFECT in 

HIGH and LOW group: p= 0.024, T=2.37 

 Correlation of the EFFECT with direct 

affective empathy. 

 N=34, p= 0.035, r= -0.36 
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Conclusions 

 Emulative Semantics and symbolic views of meanings share the assumption of 

compositionality. 

 However, Emulative Semantics contrasts with symbolic views in that syntactic 

constituents relations are not preserved on the semantic level. 

 Instead, Emulative Semantics is isomorphic to modeltheoretical semantics. 

 It can be modelled by biologically realistic neural network architectures. 

 It shares its formal features and its explantory strength wrt natural language 

semantics. 

 Emulative Semantics and symbolic view make different predictions: 

 On negation. 

 On correlations between emotional empathy and the semantics of emotion 

contexts. 

  Unlike symbolic vies, Emulative Semantics is embodied and situated. 
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Embodied Cognition? 


