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Introduction

Gricean Expectations In Online Sentence Comprehension: An Erp Study On The Processing
Of Scalar Inferences explores the intricate cognitive mechanisms underlying how individuals
interpret scalar inferences during real-time language comprehension. Scalar inferences are
pragmatic inferences that listeners or readers draw when encountering scalar terms like "some,"
"all," "few," or "many," which often carry implied meanings beyond their literal content. These
inferences are rooted in Gricean principles of conversation, particularly the maxims of quantity and
relevance, which guide interlocutors to communicate efficiently and cooperatively. This article
examines how these pragmatic expectations influence online sentence processing, utilizing event-
related potentials (ERPs)—a neurophysiological measure— to reveal the temporal dynamics involved
in the comprehension of scalar inferences. By integrating linguistic theory, cognitive neuroscience,
and experimental data, this study aims to shed light on whether and how Gricean expectations
modulate the neural correlates associated with pragmatic inference generation during real-time
language understanding.

Theoretical Background

Gricean Pragmatics and Scalar Inferences

Herbert Paul Grice's cooperative principle and maxims have provided a foundational framework for
understanding pragmatic language use. The relevant maxims include:

e Maxim of Quantity: Provide as much information as needed, but not more.

e Maxim of Relevance: Be pertinent to the ongoing conversation.

When a speaker uses a scalar term like "some," the listener often infers a stronger meaning—for
example, interpreting "Some of the cookies were eaten" as "Not all of the cookies were eaten." This
inference, known as a scalar implicature, depends on the listener's assumption that the speaker
aimed to be informative without being unnecessarily verbose.



Processing Scalar Inferences: Literal vs. Pragmatic
Interpretations

Scalar inferences can be processed via two pathways:

1. Literal Processing: The listener interprets the scalar term based solely on its semantic
meaning, without considering pragmatic implications.

2. Pragmatic Processing: The listener engages in inferential reasoning, considering the
conversational context and Gricean maxims to derive the implicature.

The debate centers on whether scalar implicatures are generated automatically or require additional
cognitive effort, with implications for understanding the timing and neural basis of pragmatic
inference.

Event-Related Potentials (ERPs) and Language
Processing

Overview of ERP Components Relevant to Sentence
Comprehension

ERPs are voltage fluctuations recorded via EEG that reflect neural activity associated with specific
cognitive processes. Certain ERP components are particularly relevant to language comprehension:

¢ N400: A negative-going wave peaking around 400 ms post-stimulus, associated with semantic
integration difficulty.

e P600: A positive wave occurring approximately 600 ms after stimulus onset, linked to
syntactic reanalysis and sometimes pragmatic or inferential processing.

e Late Positive Components (LPC): Reflect processes such as discourse integration and
pragmatic inference.

These components serve as neural markers for different stages of sentence processing, including the
detection of anomalous or unexpected information and the integration of pragmatic inferences.



ERP Studies on Scalar Inferences

Previous ERP research suggests that scalar inferences elicit specific neural signatures:
¢ Increased N400 amplitudes when scalar terms are used in contexts that do not strongly
support a pragmatic inference, indicating processing difficulty.

e Delayed P600 responses when the implicature conflicts with the literal interpretation or when
pragmatic reasoning is required.

e Enhanced late positivities, reflecting the engagement of pragmatic inference mechanisms
during comprehension.

These findings imply that pragmatic inferences are not automatically generated but involve
additional neural processing steps.

Research Objectives and Hypotheses

This ERP study aims to investigate:
e How Gricean expectations influence online sentence comprehension when processing scalar
inferences.

e Whether the neural correlates of pragmatic inference generation (e.g., N400, P600) are
modulated by contextual cues aligned or misaligned with Gricean principles.

e The temporal dynamics of scalar implicature processing during real-time comprehension.
Based on prior research, the hypotheses include:
1. Sentences that violate Gricean principles will elicit increased N400 amplitudes,

reflecting greater semantic processing difficulty.

2. Contextually supported scalar inferences will produce reduced ERP effects, indicating
facilitated pragmatic processing.

3. Pragmatic inferences will involve late positivities (e.g., P600 or LPC), reflecting
additional inferential processing steps.



Methodology

Participants

A sample of healthy adult native speakers of the target language participated in the ERP
experiment. Inclusion criteria included normal or corrected-to-normal vision and no history of
neurological or psychiatric disorders.

Stimuli and Experimental Design

The experiment employed sentences containing scalar terms within varying contextual
backgrounds:

o Supportive Contexts: Contexts that strongly imply the scalar inference (e.g., "Only a
few cookies remain" implying "Not all cookies remain").
o Neutral Contexts: Contexts that do not specify or support the scalar inference.

o Contradictory Contexts: Contexts that conflict with the scalar inference, creating
pragmatic mismatch.

Participants read sentences word-by-word while EEG data was recorded. Critical words
included the scalar term and the subsequent phrase that confirmed or disconfirmed the
inference.

Data Analysis

ERP data were segmented around critical words, and averages were computed across
conditions. Statistical analyses focused on the N400 and P600 components, assessing
amplitude differences as indicators of processing ease or difficulty.

Results



ERP Effects of Contextual Support on Scalar Inference
Processing

The findings revealed:
o Reduced N400 amplitudes in supportive contexts, indicating easier semantic integration
of the scalar term when pragmatic inference was facilitated.

o Enhanced N400 amplitudes in contradictory contexts, reflecting increased processing
difficulty when the scalar inference conflicted with context.

o Delayed or increased P600 responses in cases where the scalar implicature had to be
retracted or revised, demonstrating the neural cost of pragmatic inference adjustment.

o Late positivities correlated with the effort to reconcile literal and inferred meanings,

supporting the view that pragmatic inference involves additional neural processing
stages.

Implications of ERP Findings

The ERP data suggest that:
1. Gricean expectations significantly influence the online processing of scalar terms, with
facilitation when context aligns with these expectations.

2. Pragmatic inferences are not automatically generated; instead, they involve temporally
extended neural processes that can be detected within the ERP components.

3. Processing scalar inferences involves an interplay between semantic integration (N400)

and inferential reanalysis (P600), reflecting a dynamic and context-dependent
comprehension process.

Discussion



The Role of Gricean Expectations in Real-Time Processing

The results support the hypothesis that Gricean principles serve as guiding heuristics during
online sentence comprehension. When context supports the scalar inference, the cognitive
system appears to process the implicature more efficiently, reflected by reduced N400
amplitudes. Conversely, when contexts violate Gricean expectations, additional neural
resources are recruited to resolve the mismatch, as indicated by increased N400 and P600
responses.

Automaticity and Effort in Scalar Implicature Generation

The ERP evidence aligns with models proposing that scalar implicatures are not entirely
automatic but require cognitive effort, especially in contexts where pragmatic inference is
challenged or needs to be revised. The temporal pattern—initial semantic integration
difficulties followed by inferential reanalysis—underscores the layered nature of pragmatic
comprehension.

Implications for Theories of Pragmatic Processing

These findings contribute to ongoing debates about whether pragmatic inferences like scalar
implicatures are generated automatically or through controlled processing. The neural data
suggest a hybrid model: initial semantic processing occurs automatically, but pragmatic
inferences involve additional, context-dependent neural mechanisms.

Conclusion

This ERP study provides compelling neurophysiological evidence that Gricean expectations
significantly shape online sentence comprehension, particularly in the processing of scalar
inferences. The temporal dynamics captured by ERP components illustrate that pragmatic
inference generation is a multi-stage process, involving initial semantic integration followed by
inferential reanalysis contingent on contextual cues. Understanding these processes enhances
our broader comprehension of human language understanding, emphasizing the interplay
between semantic content, pragmatic principles, and neural mechanisms. Future research
could explore individual differences in pragmatic inference processing and extend findings to
more complex or naturalistic conversational settings, further bridging the gap between
linguistic theory and neurocognitive reality.



Frequently Asked Questions

What are Gricean expectations and how do they influence
online sentence comprehension?

Gricean expectations refer to the pragmatic principles proposed by H.P. Grice, which suggest
that listeners expect speakers to be cooperative and informative. In online sentence
comprehension, these expectations guide how listeners interpret scalar inferences by
predicting the implied meaning based on conversational maxims, thereby facilitating rapid
understanding.

How does ERP (Event-Related Potential) methodology
contribute to studying scalar inferences in sentence
processing?

ERP methodology provides real-time neural measurements of cognitive processes during
language comprehension. By analyzing ERP components such as the N400 or P600,
researchers can identify the neural timing and processing stages involved when listeners
interpret scalar inferences and how Gricean expectations modulate this processing.

What were the key findings of the ERP study regarding the
processing of scalar inferences?

The study found that scalar inferences elicit specific ERP responses indicative of additional
inferential processing, with modulation by Gricean expectations. For example, certain ERP
components showed increased amplitude when inferences violated pragmatic expectations,
highlighting the role of pragmatic context in real-time comprehension.

How do Gricean expectations impact the speed and
accuracy of scalar inference processing online?

Gricean expectations enhance both the speed and accuracy of scalar inference processing by
providing pragmatic cues that listeners use to quickly derive implied meanings. When
expectations are met, comprehension is more efficient; when violated, additional neural
resources are recruited to resolve the discrepancy.



What implications does this ERP study have for models of
pragmatic language comprehension?

The study supports models that incorporate pragmatic expectations into the real-time
processing of language, demonstrating that scalar inferences are not just post-hoc
interpretations but are actively influenced by Gricean principles during online comprehension.
This underscores the importance of pragmatic context in cognitive models of language
understanding.

Additional Resources

Gricean Expectations In Online Sentence Comprehension: An ERP Study On The Processing Of
Scalar Inferences

Introduction

Understanding how humans process language in real-time remains one of the most fascinating
and complex challenges in cognitive neuroscience and psycholinguistics. Among the myriad
facets of language comprehension, scalar inferences—particularly those governed by Gricean
principles—offer a remarkable window into how listeners generate implied meanings beyond
the literal content of utterances. Recent advances have harnessed neurophysiological tools like
Event-Related Potentials (ERPs) to probe the temporal dynamics of these inferential processes.
This article reviews an influential ERP study that investigates how Gricean expectations shape
online sentence comprehension, especially in the context of scalar inferences, and explores the
broader implications for models of language understanding.

Theoretical Background
Gricean Maxims and Scalar Inferences

At the core of pragmatic language understanding lie Grice’s cooperative principles, which
specify how conversational participants cooperate to facilitate effective communication. These
principles include maxims such as Quantity, Quality, Relevance, and Manner. Scalar
inferences are a prime example of pragmatic reasoning: when a speaker uses a term like
"some," the listener often infers "not all," unless contextual cues suggest otherwise. This
inference is called a scalar inference because it involves interpreting a weak scalar term (e.g.,
"some") as implying the negation of a stronger alternative ("not all").

Key aspects of scalar inferences:

- Gricean Expectations: Listeners expect speakers to be cooperative and informative but not
overly informative. When a scalar term is used, they anticipate an implicature based on the



presumption that the speaker chose the weaker term deliberately.

- Default vs. Calculated Inferences: While some scalar inferences are automatic and quickly
processed, others require more deliberate reasoning depending on context.

- Relevance to Pragmatic Theory: Scalar inferences exemplify how pragmatic principles
influence real-time comprehension, often operating seamlessly yet sometimes requiring
additional processing effort.

The ERP Methodology in Language Research

Event-Related Potentials (ERPs) provide a non-invasive means to examine the time course of
cognitive processes during language comprehension. ERPs are voltage fluctuations recorded
via scalp electrodes, reflecting neural activity in response to specific stimuli.

Advantages of ERP in studying language:

- High temporal resolution: ERPs can detect neural responses within milliseconds of stimulus
presentation.

- Component specificity: Different ERP components are associated with distinct cognitive
processes (e.g., N400 with semantic integration, P600 with syntactic reanalysis).

Common ERP components relevant to scalar inferences:

- N400: Sensitive to semantic anomalies or difficulties in semantic integration.
- Late Positive Component (LPC): Often associated with pragmatic processing or inferential
reasoning.

Overview of the ERP Study on Scalar Inferences
Objectives and Hypotheses

The core goal of the study was to investigate whether scalar inferences are processed
automatically or require additional inferential steps, and how Gricean expectations influence
this process in real-time comprehension.

Hypotheses included:

1. Automaticity hypothesis: Scalar inferences are generated immediately upon encountering
scalar terms, reflected in early ERP components.

2. Relevance hypothesis: Contextual cues modulate the strength and timing of scalar
inferences, with pragmatic expectations influencing neural responses.

3. ERP markers: Violations or unexpected inferences would elicit distinct ERP signatures, such
as enhanced N400 or P600 responses.

Experimental Design



Participants read sentences embedded in contexts designed to manipulate the strength and
relevance of scalar inferences. The stimuli fell into three main categories:

1. Expected scalar inferences: Contexts where the use of "some" logically implied "not all."

2. Unexpected inferences: Contexts where the scalar term was used but the implicature was
not supported or was contradicted.

3. Control sentences: Sentences with scalar terms used in a manner that did not trigger an
inference.

Participants' EEG data were recorded as they read sentences word-by-word. The critical
regions of interest were the scalar terms and the subsequent words that provided either
confirming or disconfirming context for the implicature.

Key Findings
ERP Components and Their Interpretation

1. Early ERP Response (N400):

- Observation: Sentences with scalar terms that violated pragmatic expectations elicited larger
N400 amplitudes.

- Interpretation: This suggests that the brain detects a mismatch between the expected
implicature (e.g., "not all") and the actual content, indicating early semantic or pragmatic
processing.

2. Late Positive Component (LPC):

- Observation: Unexpected inferences or violations elicited a pronounced LPC, often associated
with reanalysis or the integration of pragmatic information.

- Interpretation: This reflects the mental effort involved in updating or revising initial
interpretations based on pragmatic cues.

3. Timing and Relevance:

- The ERP responses occurred within a few hundred milliseconds post-scalar term,
underscoring the rapidity of pragmatic inference processing.

- Contextual cues modulated the ERP responses, confirming that pragmatic expectations are
integral to real-time comprehension.

Implications for Theories of Language Processing
Automatic vs. Controlled Processing

The ERP results lend support to models positing that scalar inferences are at least partly
automatic, arising swiftly upon encountering scalar terms. However, the modulation of ERP
responses by context suggests that pragmatic reasoning is flexible and sensitive to contextual
cues, indicating a controlled component as well.



Integration with the Gricean Framework

The findings reinforce the role of Gricean maxims in guiding real-time comprehension. The
brain appears to anticipate implicatures based on cooperative principles, with violations
triggering neural responses indicative of processing difficulty or reanalysis.

The Temporal Dynamics of Pragmatic Inference

The rapid ERP responses challenge earlier assumptions that pragmatic inferences are late,
effortful processes. Instead, they support a view where pragmatic reasoning is an immediate,
integral part of semantic processing, aligning with models of incremental comprehension.

Broader Significance and Future Directions
Advancing Psycholinguistic Models

The study exemplifies how neuroscientific tools can elucidate the fine-grained temporal
dynamics of pragmatic inference, contributing to more comprehensive models of language
comprehension that integrate semantics, pragmatics, and neural processing.

Practical Applications

Understanding the neural mechanisms underlying scalar inference processing has implications
for:

- Language disorders: Enhancing diagnostics and therapies for pragmatic language
impairments.

- Artificial intelligence: Informing natural language processing systems to better emulate
human pragmatic reasoning.

- Educational strategies: Improving language comprehension and pragmatic skills in language
learners.

Future Research Avenues

- Individual differences: Exploring how cognitive factors like working memory or theory of
mind influence scalar inference processing.

- Cross-linguistic studies: Investigating how scalar inferences operate in languages with
different pragmatic conventions.

- Developmental perspectives: Examining how children acquire and process scalar inferences
over time.

Conclusion

The ERP study on Gricean expectations in online sentence comprehension offers compelling
evidence that scalar inferences are processed rapidly and are deeply rooted in pragmatic
expectations guided by Grice’s cooperative principles. The neural signatures captured
highlight a dynamic interplay between semantic content and pragmatic reasoning,



emphasizing that language comprehension is an inherently predictive and context-sensitive
process. As neuroscience and linguistics continue to intersect, such research paves the way for
a richer understanding of the cognitive architecture underlying human communication,
bridging the gap between abstract pragmatic theory and tangible neural mechanisms.

Final Thoughts

In essence, this innovative ERP research underscores that our brains are wired to generate
and evaluate pragmatic inferences seamlessly and promptly—a testament to the sophistication
of human language processing. As further studies delve into the neural underpinnings of
pragmatics, our appreciation for the complexity and efficiency of everyday communication only
deepens, revealing a finely tuned system finely attuned to the subtleties of implied meaning.
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