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Abstract

A growing body of empirical research shows that, for both affirmative and negative sentences, lan-
guage processing is not only shaped by the ease of integrating linguistic input into world knowledge,
but also by expectations of informative communication. Yet, it remains unclear how comprehenders
coordinate pressures from both aspects during real-time sentence processing. We propose that lan-
guage comprehension reflects a dynamic balance between world-knowledge typicality and communi-
cation informativeness, which is subject to contextual modulation. Two self-paced reading studies test
this proposal by examining affirmative and negative sentences describing part—whole relations that
vary in typicality and informativity in unmarked and unexpectedness-signaling contexts. Our results
provide evidence for joint effects of typicality and informativity, with distinct patterns across sentence
polarities and contexts.

Keywords: Sentence processing; World knowledge; Informativity; Typicality; Negation; Trade-off;
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1. Introduction

Our real-world knowledge, given some situations/events are more likely to occur than
the others, affects language processing: comprehenders find sentences describing more typ-
ical situations/events easier to process than those describing atypical situations/events (e.g.,
Hagoort, Hald, Bastiaansen, & Petersson, 2004; Kutas & Hillyard, 1980; Matsuki et al., 2011;
Rayner, Carlson, & Frazier, 1983). In addition, our linguistic experience, given that some
things are more likely to be communicated than the others due to general communicative
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norms (e.g., Grice, 1975), also guides language processing: comprehenders assume that more
informative expressions are more likely to be communicated (Rohde & Rubio-Fernandez,
2022; Sedivy, 2003; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995). Importantly,
real-world knowledge and linguistic experience have an inherent negative correlation. On the
one hand, people rarely mention highly typical situations/events (e.g., Brown & Dell, 1987;
Bergey et al., 2020; Kravtchenko & Demberg, 2022), perhaps due to their low informativ-
ity. On the other hand, people find highly atypical situations/events informative and worth
noting. This raises the question of how comprehenders coordinate real-world knowledge and
linguistic experience in sentence processing, especially when they misalign.
Let us imagine the following statements about a house in the U.S. context:

(1) a. The house has a bathroom. (high typicality, low informativity)
b. The house has a garage. (medium typicality, medium informativity)
c. The house has a ballroom. (low typicality, high informativity)

Sentence (la) describes a highly typical situation for a house, but at the same time, this
situation seems too common to be informative or worth mentioning. In other words, it has
low communicative informativeness. The situation described in (1¢) is informative and worth
noting, but highly atypical. It has high communicative informativeness. In a sentence like
(1b), world knowledge typicality and communicative informativeness are both “middling”:
the sentence describes a moderately typical situation, which is moderately informative and
somewhat worth mentioning.

If comprehenders prioritize either world knowledge typicality or communicative infor-
mativeness, sentences like (1a) or sentences like (1c¢) should presumably be easiest to pro-
cess. But what if comprehenders incorporate both factors? We would expect that descriptions
of highly typical situations (which violate expectations for informative communication) or
highly atypical situations (which violate world knowledge expectations) are both hard to pro-
cess, which suggests that sentences like (1b) would be the easiest to process among (la—c).
We refer to this later case as the Just Right Hypothesis: sentences should be easiest to process
when they balance ease of integration into our world knowledge alongside expectations of
informative communication.

The linguistic phenomenon of negation offers a unique tool for probing how comprehen-
ders coordinate real-world knowledge and linguistic experience. Negation is usually used to
deny expectations (e.g., Horn, 1989; Wason, 1965). For example, it is natural to say “The
elevator is not working” when you see someone heading for the elevator doors, because that
person is expecting it to work as usual. The stronger the expectation, the easier negative sen-
tences are to process (e.g., Fischler et al., 1983; Liidtke & Kaup, 2006; Nordmeyer & Frank,
2014; Tian, Breheny, & Ferguson, 2010).

Let us now consider the negative-polarity counterparts of (1):

(2) a. The house doesn’t have a bathroom. (low typicality, high informativity)
b. The house doesn’t have a garage. (medium typicality, medium informativity)
c. The house doesn’t have a ballroom. (highly typicality; low informativity)
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If we are considering only linguistic experience in which negation is often used to commu-
nicate expectation violation, we might expect negative sentences like (2¢) to be more difficult
to process than (2b) and (2a), since we do not normally expect a house to have a ballroom.
However, again, what if comprehenders consider both linguistic experience and real-world
knowledge, even in negative sentences? The situation described in a negative sentence like
(2a) is informative and worth noting (a house not having a bathroom), but it is highly atyp-
ical. The negative sentence in (2c) describes a highly typical situation for a house (a house
not having a ballroom), but at the same time, this situation seems too common to be infor-
mative or worth mentioning. Compared to negative sentences like (2a) and (2c), negative
sentences like (2b) describe a moderately typical situation, which is moderately informative
and somewhat worth mentioning. Thus, these patterns in negative sentences (2a—c) turn out
to be quite similar to those in the affirmative sentences (1a—c). However, the question of how
linguistic experience (i.e., the fact that some things are more likely to be communicated than
the others due to general communicative norms) and world knowledge interact in the pro-
cessing of negative sentences is not yet well-understood. Indeed, although sentence polarities
are famously asymmetrical, for example, negation presupposes its affirmative counterpart and
negation takes longer to process, it is not yet clear to what extent the processing of affirmative
and negative sentences is shaped by similar pressures. In the present study, we propose and
test the Just Right Hypothesis for both affirmative and negative sentences in contexts like (1)
and (2).

As shown in (1) and (2), the kind of real-world knowledge we test in this paper is “situation
typicality,” that is, based on our prior knowledge of the world, how probable is a particular
situation? We focus on part—whole relations (ex. 1), and the negation of part—whole relations
(ex. 2). We refer to linguistic experience (defined as experience about some things being more
likely to be communicated than the others) as communication likelihood and operationalize
it via informativity: what is more informative is more likely to be communicated. Ex. (1) and
(2) illustrate how we define the informativity of a sentence from an information-theoretic per-
spective (e.g., Shannon, 1948), in terms of how much it updates our prior world knowledge.
This follows prior work (e.g., Frank & Goodman, 2012; Xiang et al., 2020).

It is worth noting that language also provides us with lexical devices that allow a speaker
to signal that they are saying something not normally communicated. Prior work shows that
comprehenders can use these kinds of lexical cues to anticipate events that are uncommon or
very common based on real-world knowledge (e.g., see work using “even so” by Xiang &
Kuperberg, 2015; “My cousin is a surprising person” vs. “My cousin is a boring person” by
Rohde, Futrell, & Lucas, 2021; the adverb “obviously” by Albu et al., 2024). These kinds of
expressions create a context where the comprehender knows to expect something typical or
atypical.

To test processing in the presence of such expectations, we explore how lexical cues—
specifically those signaling atypical situations—impact the processing of affirmative and
negative sentences. Specifically, we use sentential adverbials like “surprisingly” in front of
affirmative and negative sentences like (1) and (2). For example, “the house has a ballroom”
and “the house doesn’t have a bathroom™ are highly atypical situations, but the addition of
“surprisingly,” as in (3) and (4), provides a signal to expect the unexpected.
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(3)  Surprisingly, the house has a ballroom.
(4)  Surprisingly, the house doesn’t have a bathroom.

This allows us to test whether, in the presence of adverbs like “surprisingly,” sentences
describing such atypical situations might become the easiest to process, despite (or specifi-
cally because) they describe atypical situations. This possibility gives rise to what we call the
Surprise Me Hypothesis: when lexical cues signaling the unexpected are present, comprehen-
ders should expect atypical situations.

In the present paper, we report two experiments that test how typicality and informativ-
ity affect the processing of affirmative and negative sentences, with and without lexical cues
(e.g., “surprisingly”) pointing to atypical situations. For ease of discussion, we refer to con-
texts without such lexical cues as unmarked (ex. 1 and 2) and contexts with such lexical cues
as “contexts of unexpectedness” (ex. 3 and 4). We test the Just Right Hypothesis for affirma-
tive and negative sentences in unmarked contexts in Experiment 1, and we test the Surprise
Me Hypothesis for affirmative and negative sentences using contexts of unexpectedness in
Experiment 2.

Before outlining the more specific aims and hypotheses of our study, we review relevant
work on affirmative and negative sentences in the following sections.

1.1. Affirmative sentences: Typicality effects and context-dependent informativity effects

We use the term “typicality effects” in reference to the influence of real-world knowledge
in sentence processing, linking higher probabilities in prior knowledge to processing ease.
In affirmative sentences, typicality facilitates processing and atypicality increases process-
ing cost (e.g., Ferretti, Kutas, & McRae, 2007; Kutas & Hillyard, 1980; Matsuki et al., 2011;
McRae & Matsuki, 2009; Morris, 1994; Walker, 1975; see also Lee & Kaiser, 2026 for related
work). For example, in self-paced reading and eye-tracking, comprehenders read the noun
“hair” faster after a typical instrument—action pair than after an atypical pair (Matsuki et al.,
2011: “use the shampoo to wash hair” vs. “use the hose to wash hair”’). Similarly, Rayner, War-
ren, Juhasz, and Liversedge (2004) found that the more atypical an instrument—action pair
was, the earlier it disrupted eye movements. Hagoort et al. (2004) tested Dutch speakers using
sentences about culturally specific situations (e.g., “The Dutch trains are yellow/white/sour”)
and found N400 effects for atypical properties (“white” and “sour’), but not for a typical
property (“yellow”). The strength of typicality effects even extends beyond the “real world”:
comprehenders can adapt to new worlds, for example, the magical world of Harry Potter
(Troyer & Kutas, 2018) and the fictional world of a peanut protagonist (Nieuwland & Van
Berkum, 2006), such that they process typical situations in these new worlds more easily than
atypical situations.

Nevertheless, real-world knowledge expectations can be altered by contextual cues. Xiang
and Kuperberg (2015) tested whether a concessive connective, even so, elicited expectations
contradictory to one’s world knowledge. They found that while comprehenders experience
difficulty processing what is unexpected given their world knowledge, this effect was reversed
when a concessive connective was present (e.g., “Elizabeth took the test and aced/failed it.
(Even so,) she went home and celebrated wildly.”). This line of research (e.g., Heller, Arnold,
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Klein, & Tanenhaus, 2015; Xiang & Kuperberg, 2015; Kohne-Fuetterer et al., 2020) suggests
that contextual cues incrementally integrate with the flexible use of world knowledge during
processing. More recent studies have also found that typicality effects are reversed when the
context shows a clear expectation for newsworthy information (e.g., Reksnes, Rees, Cum-
mins, & Rohde, 2024; Rohde & Rubio-Fernandez, 2022; Rohde et al., 2021), which Rohde
et al. (2021) refer to as “informativity effects.” Rohde et al. (2021) showed that, when the
context introduces a surprising protagonist, sentences like (5b) yielded shorter reading times
(RTs) at the critical noun shovel than sentences like (5a), although the former describes situ-
ations that are atypical based on world knowledge.

(5) a.In order to dig some holes, s/he was using a shovel yesterday in the afternoon.
[surprising persona] [typical instrument]
b. In order to chop some carrots, s/he was using a shovel yesterday in the afternoon.
[surprising persona] [atypical instrument]

In addition to processing-based effects, affirmative sentences describing trivial, expected
events (e.g., “John paid the cashier when he went grocery shopping tonight”) have been
shown to elicit pragmatic inferences. For example, when comprehenders are presented with
sentences describing highly expected events and asked to rate the typicality of these events in
an inference elicitation task (e.g., Rate how often you think it is that John pays when he gets
groceries), they draw the so-called “atypicality inferences,” and infer that the event is actually
atypical (e.g., that John doesn’t typically pay when he gets groceries, see, e.g., Kravtchenko
& Demberg, 2015, 2022; Ryzhova, Mayn, & Demberg, 2023). While Ryzhova and Demberg
(2023) found that generating such atypicality inferences in affirmative sentences is not cogni-
tively demanding per se, evidence on the real-time processing of low-informativity sentences
without an inference elicitation task is limited. Our study provides new evidence relevant to
this question.

1.2. Negative sentences: Effects of negation are modulated by context

Turning to negative sentences, the first point to note is that prior work is inconclusive
regarding whether people can access and use real-world knowledge immediately and success-
fully when processing negative sentences. Studies have shown that, for stand-alone negative
sentences, negation does not seem to be integrated rapidly enough to influence incremental
sentence processing (e.g., Fischler et al., 1983; Kounios & Holcomb, 1992; Nieuwland &
Kuperberg, 2008). While some studies reported greater N40O responses for true statements
compared to false statements (e.g., “The robin is not a tree” > “The robin is not a bird”
in Fischler et al., 1983), others found no difference between true and false statements when
they are stand-alone negative sentences (e.g., “A baby bunny’s fur isn’t very hard/soft” in
Nieuwland & Kuperberg, 2008). However, when testing negative sentences in contexts that
establish expectations for what might be negated, Nieuwland and Kuperberg (2008) found
that false negative statements yielded greater N40O responses than true negative statements
(e.g., “In moderation, drinking red wine isn’t good” > “In moderation, drinking red wine
isn’t bad”), similar to the pattern observed in affirmative statements. This suggests that when
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negation is informative (i.e., when it has a clear expectation to negate), people can access and
use real-world knowledge immediately and successfully in evaluating negative sentences.

Focusing on the role of informativity, Nordmeyer and Frank (2014) found that a visual
context providing probabilistic expectations (e.g., a picture of multiple boys having apples)
facilitates truth-value judgments of negative sentences (e.g., “The boy has no apples”). Nord-
meyer and Frank also manipulated the strength of these expectations by varying the number of
people possessing a certain property (e.g., how many boys have apples) in the visual context.
Intuitively, as the probability of a boy having apples increases, the informativity of a situa-
tion where a boy does not have apples increases as well. Results from Nordmeyer and Frank
(2014; see also Xiang, Kramer, & Nordmeyer, 2020) revealed graded effects of informativity:
negative sentences that are more informative tended to elicit faster verification times. More
broadly, however, in most prior work on informativity and negative sentences, the processing
of negation has been bundled with truth-value judgments. This leaves an open question: do
the observed effects of expectations reflect mechanisms involved in verifying a sentence, or
the processing of negation per se? Our study sheds light on this question.

Like affirmative sentences, negative sentences are sensitive to contextual cues that mod-
ulate expectations for what kinds of situations or events will be communicated. Albu et al.
(2024) provided evidence for such contextual effects in negative sentences using sentence
completion. Results from their study showed that in continuing negative sentences like (6a),
people predominantly chose yogurt.

(6) a. The child will not eat the .
Four choices: yogurt, shellfish, branch, minivan
b. Obviously, the child will not eat the .
Four choices: yogurt, shellfish, branch, minivan

29

Crucially, when adverbs (e.g., “obviously,” “certainly,” “definitely”) that signaled expec-
tations for what is very likely to happen were added (e.g., (6b)), people started considering
other choices than “yogurt” (e.g., “The child will not eat the minivan.”). Albu et al. (2024)’s
findings suggest that while people prefer to use negation to deny expectations in general,
this preference is subject to contextual modulation, like in (6b). Parallel to the “obviously”
study (Albu et al., 2024), we test sentential adverbials like “surprisingly” that signal unex-
pected, atypical situations in the real-time processing of negative sentences (and affirmative
sentences).

1.3. Previous proposals regarding the joint effects of world knowledge and communicative
informativeness

Proposals that language comprehension is jointly affected by world-knowledge typicality
and communicative informativeness have come up in prior work on both affirmative and neg-
ative sentences.

Rohde et al. (2021) propose that comprehension can be approximated as a process of
reverse engineering a speaker’s utterance choice, while a speaker’s utterance choice can be
characterized as a generative architecture that combines the prior over meanings and the
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likelihood of producing a particular surface form. Following this view, comprehender’s expec-
tations about what they are going to read (or hear) can be shaped by their prior knowledge of
how likely a situation is and their expectations for how likely it is that an utterance (describing
that situation) is produced given that situation. Thus, the comprehender’s expectations can be
expressed as follows, adapted from Rohde et al.’s (2021) Eq. 4:

(7)  P(utterance) =

simation P (utterance | situation) P(situation)

While Rohde et al.’s generative architecture includes two terms—situation prior and utter-
ance likelihood—their study focused on examining whether comprehenders can be guided to
prefer newsworthy information (i.e., high utterance likelihood) even though the information
is about atypical events (i.e., low situation prior). As will become clear below, we build on
and go beyond their work by testing world knowledge and communicative informativeness at
the same time, in both affirmative and negative sentences.

As mentioned above, Nordmeyer and Frank (2014) provide empirical evidence for graded
effects of informativity in the speed of truth-value judgments of negative statements. As part
of this work, Nordmeyer and Frank modeled reaction times as proportional to the surprisal
of the utterance and a certain property (e.g., whether a boy has apples), and found that this
parametric relationship applies to both affirmative and negative sentences. The idea behind
the model fitting in Nordmeyer and Frank (2014) is similar to what we sketched out in the
Just Right Hypothesis: language comprehension is a process that coordinates utterance-level
possibility (in our case, communication likelihood) and situation-level possibility (in our case,
situation typicality).

Considering the nature of a visual context, however, Nordmeyer and Frank’s (2014) work
leaves open the question of whether similar effects arise with typicality manipulations rooted
in our real-world knowledge. Given that core aspects of real-world knowledge are based on
a lifetime’s worth of experience and not constrained to specific visual contexts, we regard
them as a strong, robust test case for typicality effects. Furthermore, Nordmeyer and Frank
focused on end-of-sentence reaction times data, and thus their results do not yield information
about the time-course of these effects, that is, how rapidly they occur in real-time, incremental
processing. Thus, our study extends Nordmeyer and Frank’s work to situation typicality based
on real-world knowledge and adds real-time sentence processing data to the joint effects of
communication likelihood and situation typicality.

1.4. Aims of the present work

We seek to directly and systematically test the joint influence of situation typicality and
informativity: how they are coordinated in language comprehension. To manipulate these two
factors, we use situations involving real-world part—whole relations. It is well-known that
humans have robust knowledge of the real-world properties of such relationships and use this
knowledge during language processing (e.g., Chaffin, Herrmann, & Winston, 1988; Poesio,
2003; Sailor & Brooks, 2014).

Our first aim is to systematically investigate how different levels of situation typicality and
informativity influence the ease of processing affirmative and negative sentences. Our second
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aim is to examine the effects of context. In particular, we are interested in how the absence (in
Experiment 1) and presence (in Experiment 2) of contextual cues signaling unexpectedness
affects the processing of affirmative and negative sentences.

Ex. (8 and 9) provide examples of affirmative and negative sentences in an unmarked con-
text (Experiment 1), where—in the absence of other cues—we assume situation typicality is
estimated based on world knowledge.

(8) Emma just visited a house. The house has a bathroom/garage/ballroom, Emma said.
(9) Emma just visited a house. The house doesn’t have a bathroom/garage/ballroom,
Emma said.

Experiment 2 tests contexts that signal an explicit intention of communicating unexpected
things, as illustrated (10a,b). (Regarding the quotation marks, see Section 3.3.)

(10) a. Emma just visited a house. “Surprisingly, the house has a ballroom/garage/
bathroom,” Emma said.
b. Emma just visited a house. “Surprisingly, the house doesn’t have a ball-
room/garage/bathroom,” Emma said.

1.5. Hypotheses

For both affirmative and negative sentences in the unmarked context, we propose the Just
Right Hypothesis. This builds on our general hypothesis that language comprehension is sen-
sitive to typicality and informativity, and seeks a balance between (i) the ease of integrating
linguistic input into world knowledge and (ii) an expectation that communication is informa-
tive. Therefore, we expect a “just-right” pattern: the medium level of situation typicality and
informativity should be easiest to process (e.g., in the case of “the house has/doesn’t have a
garage”). This hypothesis is summarized below:

® Just Right Hypothesis: The optimal status for language comprehension is when the
sentences are “informative enough” and describe “typical enough” world knowledge.

Furthermore, we propose that this status can be modulated by lexical cues. Specifically, we
hypothesize that lexical cues such as “surprisingly” can facilitate the processing of atypical
situation descriptions, for example, “the house has a ballroom” and “the house doesn’t have
a bathroom.” We call this the Surprise Me Hypothesis:

e  Surprise Me Hypothesis: When lexical cues for unexpectedness are present, the optimal
status for language comprehension is when the sentences satisfy such contextual expec-
tations for the unexpected. That is, in the presence of a cue signaling unexpectedness,
sentences describing atypical situations are easier to process.

These two hypotheses complement each other and are not mutually exclusive. They predict
a “just-right” pattern for affirmative and negative sentences in unmarked contexts (Experiment
1). However, in a context of unexpectedness (Experiment 2)—when expectations of low sit-
uation typicality are made explicit by an adverbial cue—they predict a “surprise me” pattern
for both affirmative and negative sentences. Because comprehenders expect to be “surprised,”
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sentences should now be the easiest to process at the low level of situation typicality and the
most difficult to process at the high level of situation typicality.

2. Experiment 1

Experiment 1 used word-by-word self-paced reading to test whether typicality and infor-
mativity jointly affect RTs, and whether affirmative and negative sentences show a “just-right”
pattern. Materials, data, and analysis scripts for all studies reported in this paper are available
through the Open Science Framework (OSF) at: https://osf.io/un6aq.

2.1. Participants

The number of participants was determined by a power analysis through simulations based
on pilot data (n = 54) using the simr R package (Green & MacLeod, 2016). The power
analysis showed that a sample size of 240 participants would yield 85% power [95% CI:
82.63, 87.16] to observe the effect of interest. Supplementary Materials on OSF provide more
details of the power analysis.

All participants in the studies reported here were recruited via Prolific (https://www.
prolific.com). Each participant only participated in one of the experiments.

Two hundred seventy-three adult native speakers of American English participated in
Experiment 1. Participants received $2—4 dollars for their participation. We only included
data from self-reported U.S.-born native English speakers with normal (or corrected-to-
normal) vision and hearing. Six participants were excluded for not meeting the demographic
requirements. Twenty-two additional participants were excluded for not meeting the prespec-
ified comprehension question accuracy threshold (80%) across all the trials. Thus, 245 par-
ticipants were included in the final analysis. All exclusion criteria were determined prior to
data collection. The current study was reviewed and approved by the IRB at the authors’
institution.

2.2. Typicality norming study

To ensure that target items have the intended typicality levels, we ran a norming study.
This allows us to obtain a measure of situation typicality, namely, how likely a part—whole
relation is. Each part—whole pair was presented individually, as exemplified in (11): The
location (e.g., house) is shown in all capitals, and the part entity is shown in lower case
below it. Participants rated how likely it is that a location contains a part entity. We report
typicality ratings from 40 adult native speakers of American English. Two additional people
were excluded for reporting hearing impairments (which can impact their language input)
and one for not being a self-reported native speaker of American English. All participants
received $2.

We normed 94 part—whole pairs (24 location nouns, each with 3-5 critical noun candi-
dates). For each location, we used the norming data to identify those part nouns that could be
most clearly classified as high, medium, and low typicality. This yielded a total of 72 pairs, 24
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Mary works at an office building.

The office building has a skylight. How likely is it that Mary would mention that?

0% 25% 50% 75% 100%

Fig. 1. Communication likelihood norming study: A sample affirmative trial.

for each typicality level. In the selected pairs, the mean likelihood ratings of three typicality
levels were 6.43/7 (high typicality), 4.21/7 (medium typicality), and 1.93/7 (low typicality).

(11) HOUSE
bathroom
not likely at all highly likely
1 2 3 4 5 6 7

2.3. Communication likelihood norming study

Afterward, we also ran a second norming study to ensure that the selected 72 pairs have
the intended relation between communication likelihood and situation typicality in both their
negative and affirmative versions. On each trial, the participant saw a lead-in sentence and a
sentence presenting a part—whole relationship (see Fig. 1). We tested both the affirmative sen-
tences (e.g., “The library has a bookstore,” intended to elicit high communication likelihood
in a U.S. context) and the negative sentences (e.g., “The library doesn’t have a bookstore,”
intended to elicit low communication likelihood in a U.S. context).

We obtained likelihood ratings given on a slider scale from 52 adult native speakers of
American English. Beta regression analysis (Cribari-Neto & Zelleis, 2010, betareg package in
R) shows that the communication likelihood of affirmative sentences is negatively correlated
with situation typicality (8 = —1.89, SE = 0.24, z = —7.86, p < .001), and the communi-
cation likelihood of negative sentences is positively correlated with the situation typicality of
their affirmative counterparts (8 = 4.51, SE = 0.29, z = 15.68, p < .001). The results confirm
that communication likelihood and situation typicality are closely correlated, as expected.

2.4. Design and materials

In the main experiment, we used self-paced reading and manipulated (i) the typicality of
the part—whole relationship described in the critical sentence (low, medium, high) and (ii)
the sentence polarity of the critical sentence (affirmative, negative). This yields a 3 x2 within-
subject design, presented to participants using Latin-Square (six lists). Each target consisted
of a lead-in sentence and a critical sentence (shown on one screen), followed by a compre-
hension question (on the next screen).
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(12) a. [affirmative] [high situation typicality; low informativity]
Emma just visited a house. The house has a bathroom, Emma said.
b. [affirmative] [medium situation typicality; medium informativity]
Emma just visited a house. The house has a garage, Emma said.
c. [affirmative] [low situation typicality; high informativity]
Emma just visited a house. The house has a ballroom, Emma said.
d. [negative] [low situation typicality; high informativity]
Emma just visited a house. The house doesn’t have a bathroom, Emma said.
e. [negative] [medium situation typicality; medium informativity]
Emma just visited a house. The house doesn’t have a garage, Emma said.
f. [negative] [high situation typicality; low informativity]
Emma just visited a house. The house doesn’t have a ballroom, Emma said.
Sample comprehension question: Did Emma visit a house?

Example stimuli are given in (12): The lead-in sentence introduces a location (e.g., house),
and the critical sentence makes a statement about that location containing something. Thus,
target items describe a relation between a location (e.g., house) and a part of that location (e.g.,
bathroom). We refer to the part noun (e.g., bathroom, garage, ballroom) as the critical noun.
Each critical sentence ends with two additional words, which provides a spill-over region: the
name of the person from the lead-in sentence and the verb “say” in past tense (e.g., “Emma
said”). The reporting clause (e.g., “Emma said”) appears at the end of the sentence in half of
the items, including targets and fillers.

The experiment included 24 target items, each followed by a comprehension ques-
tion. Each target item had three versions, associated with three distinct levels of typi-
cality (high, medium, low typicality). These levels vary based on the critical noun used
(e.g., bathroomyigy_typr, garagemepium typr, ballroomp ow Typr). Based on the norming study
described above, we selected 72 nouns that best fit the three levels of typicality (24 nouns per
level). In addition to 24 targets, the study included 36 fillers drawn from three published
self-paced studies (Sturt, 2007; Patson, Darowski, Moon, & Ferreira, 2009; Roland, Mauner,
O’Meara, & Yun, 2012).

All items are followed by comprehension questions. Overall, half of the comprehension
questions that a participant sees over the course of the experiment require a “Yes” response
and half a “No” response. The presentation order of targets and fillers was randomized for
each participant.

2.5. Procedure

The experiment used self-paced reading and was conducted online using PCIbex (Zehr &
Schwarz, 2018; https://www.pcibex.net/). Participants completed two practice trials before
the main experiment. In each trial, the two-sentence sequence initially appeared as rows of
dashes. Participants then pressed the space bar to read the sentences word by word. After
the last word, participants saw a comprehension question in the next screen and answered
yes or no (F for “Yes,” J for “No”). No feedback on the correctness of question answers was
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provided. We recorded RTs for each word and responses to the comprehension questions. The
estimated completion time for Experiment 1 is approximately 15 min.

2.6. Predictions

If both affirmative and negative sentences show a “just-right” balance between commu-
nication likelihood and situation typicality—as predicted by the Just Right Hypothesis—we
expect that the medium typicality level condition is read faster than the high and the low typi-
cality level conditions (e.g., Affirmative sentences: garagemeprum_typr < (bathroompcy typr,
ballroom; ow Typr); Negative sentences: not-garagemppium typr < (not-ballroompgy typr,
not-bathroomy ow _TyPI1))-

2.7. Results

2.7.1. Data processing and analysis

We only analyzed target trials where participants answered the associated comprehension
question correctly. Furthermore, out of these trials, we removed two trials with consecutive
RTs under 50 ms (0.04% of the data), indicating that the participant was simply holding down
a key during that trial. We also removed RTs shorter than 150 ms and longer than 3000 ms
(0.56% of the data) and RTs more than 3 SDs from each participant’s mean RTs (1.8% of the
data).

For statistical analyses, we used linear mixed-effect regression models (/mer; Baayen,
Davidson, & Bates, 2008), using the /me4 package in R (Bates, Maechler, Bolker, & Walker,
2015). We analyzed affirmative and negative sentences together in a single model, with Polar-
ity and Typicality as predictors. In this model, Typicality was nested within Polarity (written
as Polarity/Typicality), allowing us to test whether the three levels of Typicality differed sig-
nificantly within each sentence polarity. In other words, we examined the simple main effects
of Typicality within each level of Polarity, rather than the overall interaction. This approach
was chosen because our hypotheses concerned the within-Polarity effects of Typicality, not
the interaction term itself.

Following common practice, we also included Trial Order, Word Length, and Word Fre-
quency (log of frequency per million words from the SubtlexUS database, Brysbaert & New,
2009) as fixed effects to control for differences between critical nouns that vary between con-
ditions. In addition, we included log-transformed RT's of the previous word (henceforth, pre-
word RTs) as a covariate in the linear mixed-effects models to control for potential spillover
effects and to reduce residual noise (e.g., Haeuser & Borovsky, 2025; Pimentel, Meister,
Wilcox, Levy, & Cotterell, 2023; Demberg, 2013; Bartek, Lewis, Vasishth, & Smith, 2011).

Incorporating random effects, we started with fully crossed and fully specified by-subject
and by-item effects of Polarity and Typicality. The maximal random effects structure was
then reduced (beginning with item-level effects) via model comparison (Baayen et al., 2008).
The final statistical model we used is log(RTs) ~ Polarity/Typicality + log(Pre_word_RTs)
+ Trial_Order + scale(Word_frequency) + scale(Word_length) + random effects.

To test the “just-right” pattern, we used helmert contrast coding for the three-level factor
Typicality. The contrast coding includes the M versus H+4L contrast, which compares the
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Fig. 2. Experiment 1: Mean reading times by word region in affirmative sentences (error bars represent +/—1 SE).

mean of the medium typicality level with the mean of the other two typicality levels. It also
includes the contrast H versus L, which compares the high and low typicality levels with each
other.

In all analyses, significance is determined using Satterthwaite’s method in the ImerTest
package (Kuznetsova, Brockhoff, & Christensen, 2017). The significance level was set at
p < .05.

2.7.2. Reading times

We plot raw RTs for each sentence polarity in the figures for ease of interpretability and
conducted statistical analyses on log-transformed RTs, in line with current standard practice
(e.g., Orth, Sloggett, & Yoshida, 2025; Keshev & Meltzer-Asscher, 2024; Cartson & Yan,
2023). We analyzed RTs for all regions of the critical sentence.

In what follows, we first report the RT patterns for affirmative sentences, then for negative
sentences, and finally compare the two sentence polarities. We focus here on the RT's starting
at the critical noun. As expected, the RTs before the critical noun show no significant effects
of Typicality; see Supplementary Materials on OSF for details.

2.7.2.1. RTs for affirmative sentences: Fig. 2 illustrates the RTs for the critical sentence
in affirmative conditions. Visual inspection suggests that, at the critical noun (i.e., PART) and
the first spillover region (i.e., NAME), the RTs are shorter in the high typicality level condi-
tion (e.g., “bathroom”), than the medium (e.g., “garage”) and low typicality level (e.g., “ball-
room”) conditions, but this pattern disappears by the second spillover region (i.e., “said”).
However, when we tested these patterns statistically, we found no significant effects of Typi-
cality in affirmative sentences at any regions of interest (see Table 1 for statistical details). In
other words, we did not find evidence that affirmative sentences in an unmarked context show
a “just-right” pattern.
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Table 1

Experiment 1: Results of the /mer model of log (RTs) in affirmative and negative sentences

Word region Coefficient B SE t )4

PART (critical (Intercept) 3.723 0.083 44.597 < 2e—16%**

noun) Polarity —0.004 0.006  —0.692 490

TrialOrder —0.003 < 0.001 16.339 < 2e—16%***
log(pre_word_RT) 0.383 0.014 27.526 < 2e—16%**
Word_frequency —0.009 0.004 —-2.509 012%
Word_length 0.016 0.004 4.394 < .0001%**
Negative: Contrast (M vs. HL) —0.018 0.008 —2.084 .037*
Negative: Contrast (H vs. L) —0.013 0.010 —1.262 207
Affirmative: Contrast (H vs. ML) —0.002 0.009 0.226 .822
Affirmative: Contrast (M vs. L) 0.002 0.010 0.197 .844

NAME (spilloverl) (Intercept) 4.895 0.078 63.041 < 2e—16%***
Polarity 0.014 0.007 2.134 .033%*
TrialOrder —0.004 < 0.001 —19.286 < 2e—16%***
log(pre_word_RT) 0.199 0.013 15.716 < 2e—16%**
Word_frequency —0.005 0.005 —0.999 319
Word_length 0.016 0.005 3.427 001 #**
Negative: Contrast (M vs. HL) —-0.017 0.010 —1.690 .091
Negative: Contrast (H vs. L) 0.002 0.012 0.177 .860
Affirmative: Contrast (H vs. ML) —0.005 0.010 —0.489 .625
Affirmative: Contrast (M vs. L) 0.012 0.012 —1.010 313

Said (spillover2) (Intercept) 5.449 0.073 74.799 < 2e—16%***
Polarity <0.001 0.007 —0.135 .893
TrialOrder —0.004 <0.001 —19.580 < 2e—16%**
log(pre_word_RT) 0.115 0.012 9.840 < 2e—16%**
Word_frequency 0.001 0.004 0.274 784
Word_length 0.004 0.004 1.052 293
Negative: Contrast (M vs. HL) 0.004 0.010 0.005 .698
Negative: Contrast (H vs. L) 0.001 0.012 0.128 .899
Affirmative: Contrast (H vs. ML) 0.009 0.010 0.859 .390
Affirmative: Contrast (M vs. L) —0.010 0.012 —0.853 394

Note. Let us now compare reading times for affirmative versus negative sentences. Among the regions of inter-
est, there are no significant effects of Polarity except at the spilloverl region (i.e., NAME, e.g., “Emma”), where
affirmative sentences were read slower than negative sentences (8 = 0.014, SE = 0.007, t = 2.134, p = .033). This
is not relevant to the claims we are making in this paper, and we do not discuss this further.’

*p < 0.05, **p < 0.01, ***p < 0.001.

2.7.2.2. RTs for negative sentences: Fig. 3 illustrates the RTs for the critical sentence
in negative conditions. Visual inspection suggests that, at the critical noun (i.e., PART) and
the first spillover region (i.e., NAME), the RTs are shorter in the medium typicality level
condition (e.g., not-garage) than the low (e.g., not-bathroom) and high typicality level (e.g.,
not-ballroom) conditions, but this pattern disappears by the second spillover region (i.e.,
“said”). When we tested these patterns statistically, we found evidence for a “just-right”
pattern at the critical noun: the medium typicality condition yielded significantly lower RTs
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Fig. 3. Experiment 1: Mean reading times by word region in negative sentences (error bars represent +/—1 SE).

(B =—0.018, SE = 0.008, t = —2.084, p = .037) than the other two levels of Typicality that
did not differ from each other (see Table 1 for more statistical details). At the first spillover
region, we found no significant effects of Typicality (see Table 1).

2.8. Discussion

Experiment 1 examined how situation typicality and informativity influence the processing
of affirmative and negative sentences. The Just Right Hypothesis predicts that sentences—
whether affirmative or negative—are the easiest to process when they describe moderately
typical situations and are reasonably likely to be communicated.

The results for affirmative sentences did not show a “just right” pattern: we found no signif-
icant effects of typicality/informativity. Given the large sample size, this null result is unlikely
to be due to a lack of power. We return to this in the General Discussion.

In contrast, the results for negative sentences do show the predicted “just-right” pattern at
the critical noun: the medium typicality level is read fastest, suggesting that it induced the
lowest processing effort. It is important to note that this “just-right” pattern cannot simply
be explained by effects of situation typicality or informativity alone; rather, it indicates that
situation typicality and informativity interact to affect the processing of negative sentences.
We regard the results here as supporting the Just Right Hypothesis for negative sentences.

3. Experiment 2

In contrast to Experiment 1, which used unmarked contexts, in Experiment 2, the criti-
cal sentences are preceded by an adverb indicating unexpectedness (e.g., surprisingly) and
are presented as direct speech (using quoted utterances). For both affirmative and negative
sentences, these contextual cues provide an explicit signal for readers to expect low-situation-
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typicality content. This set-up allows us to test the Surprise Me Hypothesis, which predicts
that in the context of unexpectedness, both sentence polarities are expected to show a “sur-
prise me” pattern where the low situation typicality level is the easiest to process.

3.1. Participants

The number of participants was determined by a power analysis through simulations based
on pilot data (n = 64) following the same procedure in Experiment 1. The power analysis
showed that a sample size of 138 participants would yield 83.4% power [95% CI: 80.95,
85.66] to observe the effect of interest. Supplementary Materials on the OSF repository pro-
vide more details.

All participants in the studies reported here were recruited via Prolific (https://www.
prolific.com). Each participant only participated in one of the experiments.

One hundred eighty-three adult native speakers of American English participated in Exper-
iment 2. Participants received $2.6—$4 for their participation. We only included data from
self-reported U.S.-born native English speakers with normal (or corrected-to-normal) vision
and hearing. Eight participants were excluded for not meeting the demographic requirements.
Forty additional participants were excluded for not meeting the comprehension question accu-
racy threshold (80%) across all the trials. Thus, 138 participants were included in the final
analysis. All exclusion criteria were determined prior to data collection. The current study
was reviewed and approved by the IRB at the authors’ institution.

3.2. Design and materials

As in Experiment 1, we used self-paced reading and manipulated (i) typicality of the situ-
ation described in the critical sentence (low, medium, high) and (ii) the sentence polarity of
the critical sentences (affirmative, negative). The materials were adapted from Experiment 1,
with changes to the critical sentence and its wrap-up region (see (13)).

First, a sentence-initial evaluative adverb that indicates unexpectedness (‘“‘surprisingly,”
“amazingly,” “unexpectedly,” or “strangely”’) was added. Each of the four adverbs appears in
four target items per list. Second, we added quotation marks around the words that the named
character (e.g., Emma) says. This presents the critical sentences as direct speech. Recent work
(e.g., He & Kaiser, 2025) shows that direct speech (in the form of quoted utterances) intro-
duces expectations for noteworthy information. Furthermore, using direct speech renders the
unexpectedness adverbs more natural and clarifies what part of the critical sentence is unex-
pected (namely, the part inside quotations, not the final clause). This set-up, together with the
adverbs, allows us to accomplish our aim of testing how contexts of unexpectedness facilitate
the expectations for low-typicality, high-informativity situations. (Recall that the unmarked
context examined in Experiment 1 yields different predictions.) Third, the post-critical region
was lengthened by four words to make potential late spillover effects detectable.

(13) a. [affirmative] [high situation typicality]
Emma just visited a house. “Surprisingly, the house has a bathroom,” Emma told
her friend that night.
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b. [affirmative] [medium situation typicality]

Emma just visited a house. “Surprisingly, the house has a garage,” Emma told her
friend that night.

c. [affirmative] [low situation typicality]

Emma just visited a house. “Surprisingly, the house has a ballroom,” Emma told her
friend that night.

d. [negative] [low situation typicality]

Emma just visited a house. “Surprisingly, the house doesn’t have a bathroom,”
Emma told her friend that night.

e. [negative] [medium situation typicality]

Emma just visited a house. “Surprisingly, the house doesn’t have a garage,” Emma
told her friend that night.

f. [negative] [high situation typicality]

Emma just visited a house. “Surprisingly, the house doesn’t have a ballroom,” Emma
told her friend that night.

Sample comprehension question: Did Emma visit a house?

In light of the edits made to targets, we also slightly modified the fillers from Experiment
1 by adding sentence-initial adverbs or phrases and using quotation marks to help fillers and
targets blend together. The same comprehension questions in Experiment 1 were used in all
trials of Experiment 2.

3.3. Procedure

The procedure is the same as in Experiment 1. The estimated completion time for Experi-
ment 2 is approximately 18 min, due to the lengthening of the materials.

3.4. Predictions

If both affirmative and negative sentences show a “surprise me” pattern, we expect that
the low typicality level condition is read fastest, while the high typicality level condi-
tion is read slowest (e.g., Affirmative sentences: ballroomyow Typr < garagemeprum Typr <
bathroompgy_typr; Negative sentences: not-bathroomy ow typr < not-garagemepruom Typr <
IlOt-baHI‘OOInHIGl—LTyp]).

3.5. Results

3.5.1. Data processing and analysis

Data processing was done as in Experiment 1. The numerical cutoff of RTs excluded 0.4%
of data, and the 3SD-based trimming of RTs excluded another 1.8% of data.

We also used the same statistical model as in Experiment 1. To test for the “surprise me”
pattern in both affirmative and negative sentences, we used two pairs of contrast coding. The
first pair tests whether the low typicality level condition is read fastest. In this pair, one con-
trast, L versus H+M, compares the mean of the low typicality level with the mean of the other
two typicality levels, and the other contrast, H versus M, compares the high and medium typ-
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Fig. 4. Experiment 2: Mean reading times by word region in affirmative sentences (error bars represent +-/—1 SE).

icality levels with each other. The second pair tests whether the high typicality level condition
is read slowest. In this pair, H versus M+L compares the mean of the high typicality level
with the mean of the other two typicality levels, and the other contrast, M versus L, compares
the medium and low typicality levels with each other. Both pairs of contrasts were applied
to the same dataset containing both sentence polarities and run individually using the same
statistical model formula.

Additionally, while our statistical analyses were done in a similar way as in Experiment
1—focusing on the main effects of Typicality nested in each level of Polarity—we ran a
separate linear mixed effects model with the full interaction between Typicality and Polar-

ity. Supplementary Materials on the OSF repository provide more details and results of this
model.

3.5.2. Reading times

We plot raw RTs for each sentence polarity in the figures and conducted statistical anal-
yses on log-transformed RTs. For the ease of comparison, we use the same Typicality level
labels as in Experiment 1, even though we introduced contextual factors in Experiment 2.
We analyzed RTs for all regions of the critical sentence. In what follows, we first report the
RT patterns for affirmative sentences, then for negative sentences, and finally compare the
two sentence polarities. As in Experiment 1, we focus here on the RTs starting at the crit-
ical noun. The RTs before the critical noun show no significant effects of Typicality, apart
from one region (“the”) in negative sentences, where the effect is driven by one item; see
Supplementary Materials on OSF for details.

3.5.2.1. RTs for affirmative sentences: Fig. 4 illustrates the RTs for the critical sentence
in affirmative conditions. Visual inspection suggests (i) that the RTs show little variation at the
critical noun (i.e., PART), and that (ii) at the first spillover region (i.e., NAME, e.g., “Emma”),
the RTs are shorter in the low typicality level condition (e.g., “ballroom”) than the medium
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Fig. 5. Experiment 2: Mean reading times by word region in negative sentences (error bars represent +/—1 SE).

(e.g., “garage”) and high typicality level (e.g., “bathroom”) conditions, but (iii) this pattern
disappears in the next two spillover regions (e.g., “told her/his”).

When we tested these patterns statistically, we found no significant effects of Typical-
ity at the critical noun (see Table 2 for statistical details). Importantly, we found significant
evidence for a “surprise me” pattern at the first spillover region: the low typicality level con-
dition yielded significantly lower RTs than the other two levels (8 = —0.037, SE = 0.013,
t = —2.789, p = .005), and the medium typicality level condition yielded significantly lower
RTs than the high typicality level condition (8 = 0.036, SE = 0.015, t = 2.300, p = .022). In
other words, at the first spillover region in affirmative sentences, the low typicality level was
read fastest, and the high typicality level was read slowest—as predicted by the Surprise Me
Hypothesis.

We also observed significant effects of Typicality at the fourth and the last spillover regions
(e.g., “friend,” “night”). However, given that the critical region and the first spillover region
already showed reliable effects, while intermediate spillover regions did not (see Table 2 for
more details), effects observed at later regions are likely too far downstream to be meaning-
fully attributed to the critical manipulation. We approach these observations with caution and
do not discuss this further.

3.5.2.2. RTs for negative sentences: Fig. 5 illustrates the RTs for the critical sentence in
negative conditions. Visual inspection suggests (i) that the RT's are fastest in the high typicality
level condition (e.g., “ballroom”) at the critical noun (i.e., PART), and that (ii) at the first
spillover region (i.e., NAME, e.g., “Emma”), the RTs are slowest in the high typicality level
condition (e.g., “ballroom™), but (iii) this pattern disappears in the next two spillover regions
(e.g., “told her/his”).

Statistical analyses revealed effects of Typicality at the critical noun: the high typicality
level condition (e.g., not-ballroom) yielded significantly shorter RTs than the other two con-
ditions (8 = —0.036, SE = 0.014, t = 2.882, p = .012), while the medium typicality level
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Table 2

Experiment 2: Results of the /mer model of log (RTs) in affirmative and negative sentences

Word region Coefficient B SE t P

PART (critical noun) (Intercept) 5.688 0.260 21.866 < 2e—16%%*
Polarity —0.004 0.012 0.003 769
TrialOrder —0.005 <0.001 —17.065 < 2e—16%**
log(pre_word_RT) 0.107 0.106 1.013 311
Word_frequency —0.008 0.006 —1.331 183
Word_length 0.015 0.006 2.684 .007%%*
Negative: Contrast (H vs. ML) —0.036 0.014 —2.524 .012%*
Negative: Contrast (M vs. L) 0.010 0.016 0.653 514
Affirmative: Contrast (H vs. ML) 0.010 0.014 0.735 463
Affirmative: Contrast (M vs. L) —0.006 0.016 —0.426 .670
Negative: Contrast (L vs. HM) 0.010 0.014 0.714 A75
Negative: Contrast (H vs. M) —0.041 0.016 —2.515 .012%*
Affirmative: Contrast (L vs. HM) —0.001 0.013 —0.005 .996
Affirmative: Contrast (H vs. M) 0.014 0.016 0.854 .393

NAME (spilloverl) (Intercept) 5.121 0.092 55.479 < 2e—16%%*
Polarity 0.015 0.009 1.631 177
TrialOrder —0.005 <0.001 —16.886 < 2e—16%**
log(pre_word_RT) 0.151 0.015 10.164 < 2e—16%**
Word_frequency —0.009 0.005 —1.722 .085
Word_length 0.003 0.005 0.477 .633
Negative: Contrast (H vs. ML) 0.029 0.014 2.092 .037*
Negative: Contrast (M vs. L) —0.008 0.016 —0.524 .601
Affirmative Contrast (H vs. ML) 0.045 0.013 3.369 <.00]#%*
Affirmative: Contrast (M vs. L) 0.020 0.015 1.273 203
Negative: Contrast (L vs. HM) —0.008 0.014 —0.608 .543
Negative: Contrast (H vs. M) 0.033 0.016 2.077 .038*
Affirmative Contrast (L vs. HM) —0.037 0.013 —2.789 .005%*
Affirmative: Contrast (H vs. M) 0.036 0.015 2.300 .022%*

Told (spillover2) (Intercept) 4.850 0.075 64.723 <2e—16%**
Polarity 0.011 0.007 1.464 143
TrialOrder —0.004 <0.001 —19.922 < 2e—16%**
log(pre_word_RT) 0.178 0.012 14.726 < 2e—16%**
Negative: Contrast (H vs. ML) —0.012 0.011 —1.085 278
Negative: Contrast (M vs. L) 0.004 0.013 0.323 746
Affirmative: Contrast (H vs. ML) —0.003 0.011 —0.290 772
Affirmative: Contrast (M vs. L) 0.011 0.013 0.894 371
Negative: Contrast (L vs. HM) 0.003 0.013 0.270 187
Negative: Contrast (H vs. M) —0.015 0.013 —1.104 270
Affirmative Contrast (L vs. HM) —0.007 0.011 —0.623 533
Affirmative: Contrast (H vs. M) —0.009 0.013 —0.699 485

her/his (spillover3) (Intercept) 4.032 0.079 50.969 <2e—16%%*
Polarity 0.004 0.006 0.598 550
TrialOrder —0.004 <0.001 —18.203 < 2e—16%**
log(pre_word_RT) 0.304 0.013 23.155 < 2e—16%**
Negative: Contrast (H vs. ML) —0.002 0.010 —-0.162 871
Negative: Contrast (M vs. L) 0.017 0.011 1.516 .130
Affirmative: Contrast (H vs. ML) 0.009 0.010 0.901 .368
Affirmative: Contrast (M vs. L) 0.010 0.011 0.950 342
Negative: Contrast (L vs. HM) —0.012 0.010 —1.226 220
Negative: Contrast (H vs. M) —0.010 0.011 —0.892 373
Affirmative: Contrast (L vs. HM) —0.012 0.010 —1.272 203
Affirmative: Contrast (H vs. M) 0.003 0.011 0.313 754

#p < 0.05, ¥p < 0.01, *¥p < 0.001.
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did not differ from the low typicality level (8 = 0.010, SE = 0.016, t = 0.653, p = .514).
This does not align with the “surprise me” pattern. We return to this effect near the end of this
section.

Crucially, we found evidence for the predicted “surprise me” pattern at the first spillover
region: the high typicality level condition yielded longer RTs than the other two conditions
(B = 0.029, SE = 0.014, t = 2.092, p = .037), while the medium typicality level did not
differ from the high typicality level (see Table 2). Thus, we observe the “surprise me” pattern
at the same point in affirmative and negative sentences; the finding that the contextual effect
emerges also in negative sentences supports the Surprise Me Hypothesis.

We also observed marginal significant effects of Typicality at the fourth spillover region
(e.g., friend). However, for the same reasons we mentioned above, we approach these obser-
vations with caution and do not discuss this further.

Taking the observations at the critical noun and the spillover region together, it appears that
negative sentences briefly showed what seems to be an inverted “surprise me” pattern before
showing the predicted “surprise me” pattern. We do not want to overinterpret the effect at the
critical noun, but we take it to suggest that an underspecified context of unexpectedness—
one that signals surprise without clarifying/implying what was expected—may have caused
temporary confusion in the processing of negative sentences. Importantly, however, the emer-
gence of the predicted “surprise me” predictions at the spillover region reinforces our main
findings and provides strong support for the Surprise Me Hypothesis.

3.6. Discussion

Experiment 2 tests the Surprise Me Hypothesis, which predicts that in a context of unex-
pectedness, both sentence polarities are expected to show a “surprise me” pattern, such that
the low situation typicality level is the easiest to process. In other words, in contexts of unex-
pectedness, sentences should be easiest to process when they describe low-situation typicality
content, and most effortful to process when they describe high-situation typicality content.

The results for affirmative sentences provide strong evidence for a “surprise me” pattern at
the first spillover region: the low typicality level induced the smallest processing effort, and
the high typicality level induced the greatest processing effort. We regard the results here as
supporting our hypothesis that context can influence expectations for what kinds of situations
are being communicated.

The results for negative sentences also provide evidence for a “surprise me” pattern at the
first spillover region: the high typicality level induced the greatest processing effort.

As a whole, we regard these results as providing support for the Surprise Me Hypothesis.

4. General discussion

Do comprehenders take into account both world knowledge and linguistic experience in
language processing? How do situation typicality and informativity work together in guiding
the processing of both affirmative and negative sentences? Prior work has observed individual
effects of situation typicality and informativity; nevertheless, how these two jointly contribute
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to language comprehension has received little attention, despite their conceptual correlation.
Building on and going beyond prior work, we propose the Just Right Hypothesis, which
posits that language comprehension is the least effortful when the sentences are “informative
enough” and describe situations that are “typical enough” in terms of our world knowledge.
Furthermore, to further understand how contextual cues for unexpectedness guide compre-
henders’ expectations for what kinds of situations are being communicated, we propose the
Surprise Me Hypothesis, which posits that language comprehension is the least effortful when
sentences satisfy the contextual expectations for atypical situations being communicated.

To test these two hypotheses, we examined how varying levels of situation typicality and
informativity affect the processing of sentences describing part—whole relationships in dif-
ferent contexts. We conducted two self-paced reading experiments: Experiment 1 tested the
Just Right Hypothesis and Experiment 2 tested the Surprise Me Hypothesis.

4.1. “Just Right” is not always right

In Experiment 1, we used an unmarked context that provides minimum contextual infor-
mation. For both affirmative and negative sentences, in this kind of context, the Just Right
Hypothesis predicts a “just-right” pattern whereby the medium level of situation typicality
and communication likelihood is the easiest to process. Indeed, we find evidence for the
“just-right” pattern from negative sentences in Experiment 1: at the critical noun, the medium
typicality level condition has the fastest RTs, suggesting that it elicited the lowest processing
effort. The “just-right” pattern we observed for negative sentences in an unmarked context is
likely among the first empirical demonstrations of a Goldilocks effect in language compre-
hension. More generally, our findings contribute evidence from the comprehension domain
to broader proposals in pragmatics and language production that there exists an ideal level
of informativity that is both cognitively and communicatively desirable (e.g., Grice, 1975;
Brown & Dell, 1987; Frank & Goodman, 2012; Levy & Jaeger, 2007; Jaeger, 2010; see also
Goldilocks effects in attention allocation: Kidd, Piantadosi, & Aslin, 2012, 2014).

In affirmative sentences, however, we found no significant effects of situation typicality.
Given our large sample size and adequate power, we take this null result as meaningful. This
absence of an effect is somewhat surprising, considering the large prior literature on affir-
mative sentences that took a binary (low/high) approach and reported typicality effects. Our
findings suggest that the real-time processing of low-informativity sentences is not as effort-
less as the long-standing effects of world knowledge might lead us to expect. Importantly,
we would like to emphasize that our null result for affirmative sentences does not directly
contradict the view that situation typicality and communicative informativeness jointly affect
the processing of affirmative sentences; neither typicality nor informativity effects alone can
account for the null difference across levels of typicality. Rather, it indicates that a “just-right”
balance between typicality and informativity may be incomplete for affirmative sentences. In
particular, instead of weighing typicality and informativity equally, comprehenders may give
different weights to these two factors in processing affirmative sentences.

Taken together, the Experiment 1 results suggest that although it is likely that both affirma-
tive and negative sentences are subject to similar pressures, that is, from both world knowl-
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edge and expectations for communicative informativeness, how exactly these two factors
work together differs across sentence polarities. In this sense, Experiment 1 provides new
evidence as well as a new perspective for sentence polarity asymmetry at the processing level.

In addition to addressing our primary research questions, the present findings also speak
to two open issues in the literature (see Sections 1.1 and 1.2). First, regarding the process-
ing of low-informativity sentences, results of both sentence polarities in Experiment 1 sug-
gest that comprehenders are sensitive to low informativity in the real-time processing, even
without a task that directs their attention toward sentence informativeness. Second, regarding
the processing of negation, our results for negative sentences in Experiment 1 suggest that
prior findings about the role of informativity in negation processing may reflect the combined
efforts of processing negation per se and making truth-value judgments of negative sentences.
Our present results thus provide initial evidence that these questions about the real-time pro-
cessing of negation and low-informativity sentences are tractable and offer a methodological
foundation for investigating them directly.

4.2. “Surprise Me” and how comprehenders follow speakers’ lead

In addition to testing the Just Right Hypothesis in Experiment 1, in Experiment 2, we inves-
tigated how contextual cues can guide comprehenders’ expectations toward what people do
not normally communicate in a context of unexpectedness. We used a context that signals
an explicit intention of communicating atypical situations by means of adverbs like “surpris-
ingly.” This allows us to test the Surprise Me Hypothesis, which predicts a “surprise me”
pattern in contexts of unexpectedness, regardless of sentence polarity: affirmative and nega-
tive sentences describing low situation typicality should be the easiest to process, and those
describing high situation typicality should be the hardest to process. Overall, the RT patterns
from Experiment 2 provide evidence for this kind of “surprise me” pattern in both affirma-
tive and negative sentences. For affirmative sentences, at the first spillover region, the low
typicality level condition has the fastest RTs, suggesting that it elicited the lowest processing
effort, and the high typicality level condition has the slowest RTs, suggesting that it elicited
the greatest processing effort. For negative sentences, at the first spillover region, the high typ-
icality level condition has the slowest RTs, suggesting that it elicited the greatest processing
effort.

Broadly speaking, the “surprise me” pattern observed in Experiment 2 illustrates that com-
prehenders are able to detect and use contextual cues that speakers embed in their utterances
to guide interpretation, thereby enabling more efficient communication and reducing process-
ing effort. This contrast is particularly clear when comparing the findings in our two exper-
iments: in Experiment 1, such contextual cues were absent, whereas in Experiment 2, they
were explicitly provided, and people showed a different processing pattern than in Experi-
ment 1. Prior research shows that these cues are not limited to overt lexical markers such
as “surprisingly.” They can also take the form of discourse connectives like “even so,” which
signal an unexpected transition (Xiang & Kuperberg, 2015), speech disfluencies such as “um”
(Heller et al., 2015), or a protagonist’s tendency to conduct unconventional behaviors (a sur-
prising person vs. a boring person, Rohde et al., 2021). Moreover, such cues do not only
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facilitate the communication of atypical or unexpected information. The communication of
obvious information can likewise be signaled through lexical markers such as “obviously”
(Albu et al., 2024).

Alongside prior work, our findings across both experiments highlight that communication
can be seen as a joint effort between speakers and comprehenders, with speakers providing
cues that shape expectations and comprehenders actively using those cues to guide compre-
hension.

4.3. Preliminary attempts to formalize the joint effects of world knowledge and
communicative informativeness across sentence polarities

While it is not one of the aims of the current study to formalize the joint effects of world
knowledge and communicative informativeness across sentence polarities, in this section, we
present some initial speculative explorations built on prior work.

As mentioned above, comprehenders’ expectations for language input (i.e., utterances) can
be seen as jointly shaped by their prior knowledge of how likely a situation is and their
expectations for how likely it is that an utterance (describing that situation) is produced given
that situation. This can be expressed as shown in (7) and repeated below (adapted from Eq. 4
in Rohde et al., 2021):

(14)  P(urterance) =Y _ P(utterance | situation) P(situation)

situation

In the unmarked context (Experiment 1), our findings suggest that situation typicality and
communicative informativeness jointly affect language comprehension, supporting the con-
ceptualization in (14). However, in the context of unexpectedness (Experiment 2), the concep-
tualization in (14) may have the potential to capture our findings of the “surprise me” pattern,
but that is hard to verify without explicit modeling. As utterances and situations become more
complex, explicitly computing or estimating P(utterance) following (14) quickly becomes
intractable. Consider a complex situation like “The house has a garage AND someone finds it
surprising.” Here, P(situation) refers to the joint probability of these two subsituations occur-
ring together, denoted as P(The house has a garage, Someone finds it surprising). To further
complicate matters, these subsituations are probably not independent; estimating their joint
probability requires accounting for their dependency, which is more difficult than estimating
them individually. Therefore, for current preliminary attempts at formalization, we focus on
the findings in the unmarked context and leave further conceptualization of more complex
cases to future work.

To formalize findings in the unmarked context across both sentence polarities, we suggest
the possible post-hoc modification shown in (15). Here, communicative informativeness and
situation typicality have individual weights, indicated by the superscripts o and 8. These
weights determine how much each factor contributes to a comprehender’s expectations of
what they are going to read (or hear), and allow the two factors to contribute differently to
different sentence polarities as well.

(15)  P(utterance) =Y _ P(utterance | situation)® P(situation)?

situation
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We present this idea of having weight parameters simply at the conceptual level. Nonethe-
less, a version of this idea has been implemented in Nordmeyer and Frank (2014). Nordmeyer
and Frank explored the graded effects of expectations in the truth-value judgments of affir-
mative and negative sentences using visual contexts. They modeled reaction times as
proportional to utterance surprisal and property surprisal (e.g., regarding whether a boy has
apples in a visual context) by weighing these two factors differently. Their model, however,
used the same weighting for both affirmative and negative sentences and was able to account
for much of the variance in their truth-value judgment reaction time data.

Considering that we obtained null results for affirmative sentences and a “just-right”
pattern for negative sentences in Experiment 1, it is possible that affirmative sentences
weigh situation typicality more than communicative informativeness. This is supported by
the numerical trend we observed showing shorter RTs in the high typicality level condition
than the other two conditions in affirmative sentences, and by the stronger representation of
typicality effects in affirmative sentences overall. It is also possible that negative sentences
weigh communicative informativeness more than situation typicality. This is supported
by the stronger representation of informativity effects in negative sentences. We leave this
possibility of polarity-dependent weighing as a promising direction for future modeling work.

5. Conclusion

The experiments reported in this paper provide empirical evidence for how comprehen-
ders coordinate situation typicality and communicative informativeness, revealing differences
regarding this coordination across sentence polarities and different contexts. These findings
have novel implications for understanding the joint effects of world knowledge and linguistic
experience in language comprehension, as well as the (a)symmetry between affirmative and
negative sentences in real-time sentence processing.
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Note

1 Further analysis showed that affirmative sentences were numerically read slower than
negatives in only one of the six stimulus lists, and numerically slightly shorter in the
remaining lists. We, therefore, treated the significant Polarity effect at the spilloverl
region as an artifact. Overall, these results suggest that, in an unmarked context like
ours, negative sentences are not necessarily read slower than affirmative sentences.
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