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Abstract

A well-established effect in psycholinguistic research is the effect of word expectedness on online
reading of sentences, often referred to as the predictability effect (Rayner and Well, 1996; Ditman,
Holcomb & Kuperberg, 2007; Staub, 2015). Recently, this effect has been found to be influenced by
specific expressions such as negation, connectives and counterfactuals (Nieuwland & Kuperberg,
2008; Nieuwland, Ditman & Kuperberg, 2010; Nieuwland & Martin, 2012; Xiang & Kuperberg,
2015). Here, we aim to test whether the predictability effect is modulated by expectation-managing
phrases known in linguistic typology as miratives. Miratives are linguistic elements which encode
surprise or unexpectedness (DeLancey, 1997; Rett, 2012), but little is known about them beyond a
theoretical perspective. The present study seeks to assess whether mirative expressions nullify, or
even invert, the expectations of the reader. To this end, we will measure the effect of two variables —
mirativity and expectedness —in a 2X2 design. We will first attempt to replicate the predictability
effect in Hebrew. We expect to find that mirative clauses (e.g., "l was surprised that"), when
appearing at the beginning of a sentence, serve as a warning signal that the content of the sentence
will be unexpected. Therefore, an unexpected word encountered in the context of a mirative clause
will evoke shorter reading times relative to the same word in a neutral context. Further, we will assess
the interaction between mirativity and expectedness, namely, whether the predictability effect is
significantly modulated by the existence of a mirative clause. This study aims to begin bridging the
gap between the linguistic encoding of surprise using mirative notions and the behavioral

manifestations of surprise, within an online sentence processing framework.

2. Background

2.1. Language and Prediction

Making predictions about upcoming events is an essential aspect of our daily lives. Bar (2009) has
gone as far as saying that prediction is a fundamental component underlying the brain's operation.
Consequently, a widely demonstrated effect in psycholinguistic research is that readers use the
available context to actively predict upcoming linguistic information and test those predictions
against the incoming input (e.g., Federmeier, 2007; Huettig, 2015; Kuperberg & Jaeger, 2016).

One result of this on-line prediction mechanism is that unpredictable words often take longer time to
read than predictable words, as seen in self-paced reading tasks and eye-tracking studies (Rayner and
Well, 1996; Dambacher, Kliegl, Hofmann & Jacobs, 2006; Ditman, Holcomb & Kuperberg, 2007;
Matsuki, Chow, Hare, EIman, Scheepers & McRae, 2011; Staub, 2015). A neural manifestation of
semantic predictability has been found via electrophysiological studies, and involves an ERP

component referred to as N400 (Kutas & Hillyard, 1980, 1984). N400 is a negative peak occurring



four hundred milliseconds after the onset of a meaningful stimulus, and has been found to correlate
with a word's predictability; the less likely a word is to appear in a given context, the higher N400
amplitude it elicits (Kutas & Federmeier, 2011). Predictability can be calculated by word co-
occurrence statistics and transitional probabilities (McDonald & Shillcock, 2003a), and the
relationship between word predictability and reading times has been found to be logarithmic (Smith
& Levy, 2013).
To better understand what we mean by an 'unpredictable’ word, take the sentences in (1), based on
Marslen-Wilson (1988).
(1) a. John carried the guitar.

b. John slept the guitar.

c. John buried the guitar.

d. John broke the guitar
In 1(a), the word "guitar" seems perfectly acceptable as a continuation of the sentence, both
syntactically and semantically. In 1(b), however, the word "guitar" violates the subcategorization
frame of the verb "sleep”, resulting in a semantic anomaly (Marslen-Wilson, 1988). In sentence 1(d),
the word "guitar” can be considered implausible or unpredictable (Roland, Yun, Koenig, & Mauner,
2012), because the probability of seeing the word "guitar" after the verb "broke™ is relatively low.
This probability is usually measured through a cloze probability task or through statistical word
associations (Delaney-Busch, Morgan, Lau & Kuperberg, 2017). Crucially, this does not mean that
the sentence in 1(d) is odd or unexpected, but simply that it is less predictable or stereotypical.
In contrast to 1(d), 1(c) is not only unpredictable but also unexpected. Intuitively speaking, based on
our world knowledge, most people would consider burying a guitar to be something bizarre or
unlikely, whereas breaking a guitar is merely something which is less likely to occur than other
alternatives. Sentences of the type in 1(c), deemed "pragmatically anomalous" by Marslen-Wilson
(1988), will be the type used in this thesis' experiment. To avoid confusion with sentences of the type
in 1(d), we will refer to these sentences as unexpected, not unpredictable, and to the predictability
effect as an expectedness effect, indicating that we refer to sentences which are not only unpredictable

but also pragmatically anomalous and surprising, given real-world knowledge.

2.2. Moderators of Expectedness Effects on Reading Time

The effect of a word's expectedness on reading time has been found to be influenced by different
linguistic factors, such as frequency and semantic association between predictable and unpredictable
word pairs (Federmeier & Kutas, 1999; Demberg & Jeller, 2008; Roland, Yun, Koenig & Mauner,
2012). The effect of expectedness on reading time has also been found to be modulated by specific
pragmatic expressions such as scalar quantifiers (Nieuwland, Ditman & Kuperberg, 2010),

counterfactuals (Nieuwland & Martin, 2012), negation (Nieuwland & Kuperberg, 2008) and
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connectives (Xiang & Kuperberg, 2015). The proposed study will test the effect of expressions that
encode surprise, in order to see how they influence reading times of expected and unexpected words.
Expressions that encode surprise, known in linguistic typology as miratives, reflect a mismatch
between expectation and reality (Aikhenvald, 2012). We seek to assess whether online response times
will differ as a function of a sentence's expectedness (i.e., whether it includes an expression which is
unexpected in the context) as well as its mirativity (i.e., whether it includes an expression that overtly
expresses surprise). The content of the sentences will include either an expected noun or an
unexpected one, so that the expectation-managing particle will be either matched or mismatched to
the expectedness of this word, as seen in (2):
(2) a. I saw that the king put a crown on his head on the way to the castle.

b. I was surprised that the king put a crown on his head on the way to the castle.

c. | saw that the king put a mop on his head on the way to the castle.

d. I was surprised that the king put a mop on his head on the way to the castle.
As can be seen, sentences 2(a) and 2(b) include a noun which is expected in the content of the sentence
("crown"), whereas 2(c) and 2(d) include an unexpected noun ("mop"). Sentences 2(a) and 2(c)
include a neutral clause ("l saw that"), and 2(b) and 2(d) include a mirative one ("'l was surprised
that™).
We expect longer online reading times for the unexpected words compared to the expected words
across mirativity conditions (a main effect of expectedness, in line with Ditman, Holcomb &
Kuperberg (2007)), as well as longer reading times for target words in sentences with a mirative
clause than with a neutral one, regardless of expectedness (a main effect of mirativity, in line with
Rasenberg, Rommers & van Bergen (2019)). Additionally, we seek to assess the interaction between
mirativity and expectedness. We hypothesize that the response to unexpected words will be faster
under the mirative contexts, compared to the neutral contexts. Mirativity might have the opposite
effect on expected words, such that an expected word in a mirative context would in fact take longer
to process compared to the same word in a neutral context.
This interaction between expectation-managing discourse markers and expectedness has been
previously examined by Rasenberg, Rommers and van Bergen (2019). Participants read dialogues
with expected/unexpected endings, that were preceded by either the term "indeed" (marking
expectedness) or "actually” (marking unexpectedness). No behavioral or neural evidence of an
interaction between the two discourse markers (“actually” / "indeed™) and the two possible endings
(expected/unexpected) was found (Rasenberg, Rommers & van Bergen, 2019). Our study will utilize
a paradigm of Self Paced Reading (Swets, Desmet, Clifton & Ferreira, 2008; Ditman, Holcomb &
Kuperberg, 2007; Breznitz, Demarco, Shammi & Hakerem, 1994), in order to obtain an on-line

perspective of expected vs. unexpected sentence processing. We will present the surprise-encoding



clauses in the sentence-initial position, leaving at least three words between the expectation-managing
clause and the expected or unexpected target noun. This decision is based on the assumption that the
integration of new information — leading to the ability to make predictions based on it — is not
immediate, and timing is a factor in determining the extent to which prediction mechanisms are
involved in the processing of linguistic input (Wlotko & Federmeier, 2015; Chow, Lau, Wang &
Phillips, 2018).

2.3. Mirativity — A Linguistic Perspective

The study's motivation for testing the effect of surprise-related clauses stems from the concept of
mirativity. Mirativity, the linguistic encoding of surprise or unexpectedness, is a term that was
introduced to linguistic typology in 1997 by Scott DeLancey. DeLancey, an American Linguist
studying Tibeto-Burman languages in India, suggested that there exists a unique grammatical
category conveying information about “the status of the proposition with respect to the speaker’s
overall knowledge structure” (DeLancey, 1997, p.32). DeLancey labeled this category mirativity,
claiming that it is distinct from other grammatical categories and can be found in many different
languages (DeLancey, 1997), basing his argument on the classification of surprise as a universal
emotion (Ekman, 1992, 1997).
An example from Dickinson (2000) can help illustrate the essence of mirativity. The example is taken
from Tsafiki, a language spoken in Ecuador by a tribe of around 2,000 ethnic Tsachila people.

(3) a. tse Carlosbe inte fayoe tse

1FEM Carlos=ASSOC DEM=LOC arrive.here-CONGR-DECL

‘I’ve come here (before) with Carlos.’

b. Carlosbe tse inte faie

1FEM Carlos=ASSOC DEM=LOC arrive.here-NCONGR-DECL

‘I’ve come here (before) with Carlos! (I just realized it).’

(Dickinson, 2000, p. 399).
The difference between (3)a and (3)b is the affix yo/i. The particle i changes the meaning of the
sentence from one which is uttered simply as a fact, to one which contains an element of
unexpectedness or surprise. Therefore, the particle i can be considered to be a mirative one (Rett &
Murray, 2013).

2.4. Mirativity and Prediction

Over the years, the scope of mirativity has been expanded from morphological markers to other
linguistic means that encode surprise, such as an exclamational intonation (e.g. "look at that" vs. "look
at that!"), exclamative particles (e.g. "Boy", "Wow!"), and adverbials (e.g. "unexpectedly") (Rett,
2012; Aikhenvald, 2012).



Several attempts have been made to find a unified semantic formulization that encompasses all
different linguistic manifestations of surprise (Aikhenvald, 2012; Peterson, 2013). One recent
endeavor, made by Simeonova (2015), claims that there exists a mirative operator which presupposes
a set of alternatives ordered on a contextually salient scale of expectations; the ordering on the scale
is not objective but rather relativized to the context and to the speaker uttering the sentence. If there
exists at least one alternative which is more expected (less surprising) than the prejacent, the sentence
can be considered surprising (Simeonova, 2015).

Notice, however, that this characterization of mirativity is too weak for our purposes. Going back to
the sentences in (1), according to this formulization, both 1(c) and 1(d) are considered surprising.
However, on an intuitive level, sentence 1(d) is not surprising at all. Although we chose to narrow
the empirical study to sentences that encode higher degrees of unexpectedness, e.g., 1(c), we will also
pursue ways to characterize them precisely, in order to properly distinguish them from sentences of
the type seen in 1(d). The empirical framework to be utilized in this study can pave the way for
making more fine-grained distinctions in the realm of mirativity, as well as gaining a clear-cut picture

of the connection between mirativity and the behavioral measurements of surprise.
3. Objectives
The main objectives of the proposed study are as follows:

e Understanding the role that mirative clauses have on online reading times and the role that
expected/unexpected words have on online reading times, as well as the interaction between the
two.

e Assessing whether the above-mentioned effects are modulated by working memory and/or verbal

abilities.

Through these objectives, we aim to gain more insights into the on-line predictive mechanisms used
during sentence processing in Hebrew, as well as learning more about the behavioral manifestations

of Hebrew sentences that encode mirativity.

4. Hypotheses

The hypotheses of the study are as follows:

Main effect of predictability: Reading times for unexpected target words will be longer than for
expected words (Rayner and Well, 1996; Dambacher, Kliegl, Hofmann & Jacobs, 2006), and this
increase might continue for two to three words following the unexpected word (Wlotko &
Federmeier, 2015; Chow, Lau, Wang & Phillips, 2018).



2. Main effect of mirativity: A mirative marker ('l was surprised that") will cause an increase in overall
reading time for the sentences in which it occurs, relative to a neutral marker ('l saw that') (Rasenberg,
Rommers & van Bergen, 2019).

3. Interaction between predictability and mirativity: Response times to unexpected words will
decrease in the context of a mirative marker, compared to a context of a neutral marker. Response
times to expected words will not decrease, and might possibly even increase, in the context of a
mirative marker, compared to a context of a neutral marker.

4. Correlation with verbal abilities and working memory: We expect to find a correlation between
the size of the effects described in 1-3, and working memory / verbal abilities (Traxler, Long, Tooley,
Johns, Zirnstein, & Jonathan, 2012; Baddeley & Hitch, 2017), such that participants with higher
working memory and verbal ability scores will display larger effect sizes compared to participants

with lower working memory and verbal ability scores.

5. Methods
5.1. Participants

We will recruit 60 participants, ages 18-45. Studies that employ the paradigm to be used in this study
— Self Paced Reading - generally recruit between 20 to 30 participants (Ditman, Holcomb &
Kuperberg, 2007; Jackson & Roberts, 2010; Jegerski, 2013). However, this study aims to find an
effect that was previously not found in psycholinguistic literature (Rasenberg, Rommers & van
Bergen, 2019), so we decided to take a larger sample size to ensure adequate statistical power. In
addition, the predictability effect (Ditman, Holcomb & Kuperberg, 2007) which we are hoping to
replicate has not yet been reported in Hebrew, so there are no baseline measures for comparison,
hence the need for a relatively large number of participants. Participants will be native speakers of
Hebrew, with no previous diagnosis of reading disorders (dyslexia, dysgraphia) or attention disorders
(ADD, ADHD). Participants will receive reimbursement in the form of gift cards or coupons for their
participation in the study, and will give their informed consent before participating. The study has

received approval from the Ethics Committee of the Faculty of Humanities at Bar Ilan University.
5.2. Design and Stimuli

The experiment will incorporate a 2X2 design with 20 Hebrew sentences in each condition, resulting
in 80 experimental items. Eighty filler sentences will be presented along the experimental ones,

leading to a total of 160 sentences (see Table 1 for examples of each experimental condition).

The first manipulated variable will be the type of clause at the beginning of the sentence. As a
surprise-encoding marker, we will use a Hebrew clause with an emotive factive verb encoding

surprise on the side of the speaker, taking a sentential complement, where this complement will



contain the (expected or unexpected) target word. Sentences with a mirative marker will begin with
the phrase huftati she ('l was surprised that'), whereas sentences with a neutral discourse marker will
begin with the phrase ra'iti she ('l saw that’).

The second variable will be the unexpectedness of the sentence. In surprising sentences, one word
will be unexpected in the context of the sentence, whereas in non-surprising sentences this word will

be replaced with a neutral word that does not cause a pragmatic anomaly.

Mirative clause, JAIRY 7772 N0 WRAT DY QW TR0 SNYno
expected word Huftati /& ha-melex sam al ha-ro/’kova ba-derex la-armon.
'l was surprised that the king put a crown on his head on the way to the castle'.

Mirative clause, AR 772 230 WRAT DY aw 7onaw Snvnoia
unexpected word | Huftati /& ha-melex sam al ha-ro/'magav ba-derex la-armon.

'l was surprised that the king put a mop on his head on the way to the castle'.

Neutral clause, JIIRY 7172 N2 WRIT DY Qv TonRnw CndRI
expected word ra'iti /& ha-melex sam al ha-ros keter ba-derex la-armon.

'l saw that the king put a crown on his head on the way to the castle'.

Neutral clause, JIATKRY 772 230 WRIT OV QW TN SNR
unexpected word | ra'iti /& ha-melex sam al ha-ros magav ba-derex la-armon.

'l saw that the king put a mop on his head on the way to the castle'.

Table 1. Examples of the four conditions of the experiment.

In order to determine the degree to which words are unexpected in different contexts, we conducted
a pre-test in which 20 participants voluntarily filled a questionnaire asking for their judgments on 30
pairs of sentences. Participants were asked to decide whether the last word of each sentence is
surprising or not surprising based on the context of the sentence, on a Likert scale of 1-7. Of these
pairs, 20 were chosen for the experiment, based on a cutoff point of <2.1 for the non-surprising
sentences and >5.6 for the surprising ones. In addition, eighty filler sentence were created, making
sure that their average length and vowel length are not significantly different than the length of
experimental items. Filler sentences include anywhere between three to thirteen words, in order to

distract participants from the nine-word structure of the experimental sentences.

5.3. Procedure

5.3.1. Screening
Upon arrival, participants will be asked to fill out a form to ensure they fulfill the study's criteria of

participation. Participants will also fill out a questionnaire checking hand dominance (Edinburgh
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Handedness Inventory; Oldfield, 1971). Left handers will not be excluded from this experiment but

handedness data may be entered in the analysis as a covariate, in order to assess its contribution.

5.3.2. Self Paced Reading Task

The main experiment in this study will utilize a Moving-Window Self Paced Reading (SPR) task, a
paradigm which has been found to closely resemble gaze durations (Just and Carpenter, 1982). In this
paradigm, sentences are viewed one word at a time, and participants must press a button in order for
the next word to appear on the screen. This enables participants to read the sentences in their own
pace, and enables the researchers to receive real-time information about participants' reading speed
(Jegerski, 2013).

Stimuli will be presented on a computer screen. Participants will be seated approximately 60 cm from
the screen and asked to read the instructions. They will then view three practice items and proceed to
the first forty sentences of the study. Each trial will begin with a central fixation point appearing on
the screen for 1,500 milliseconds, followed by the first word of the sentence. Participants will need
to press the keyboard's space bar for the next word to appear. The last word of each sentence will be
followed by a 1,000 milliseconds interstimulus interval of a blank screen, after which the next fixation

point will appear.

In total, 160 sentences will be presented, including eighty experimental sentences and eighty fillers.
The experiment will be divided into four blocks of forty sentences each, with block order randomized
between participants. The order of sentences inside each block will be pseudo-randomized, making
sure that no two sentences of the same quadruple appear consecutively, and no more than two
sentences of the same condition are presented in a sequence. The first three sentences of every block
will always be filler sentences, giving participants a short warm-up before the experimental sentences.
See Appendix A for examples of sentences and fillers.

After every five sentences, a comprehension question regarding the last sentence will appear on the
screen, and participants will have to choose one of two answers, by pressing the keys "1" or "2". The
purpose of the comprehension questions is to make sure participants are paying attention to the
sentences rather than simply pressing buttons as fast as possible. Stimulus presentation and response

collection will be controlled by the E-prime 2.0 software (Psychology Software Tools, Inc.).
5.3.3. Additional Verbal Tasks

In addition to the main SPR experiment, participants will be asked to complete three other tasks, to
assess their reading speed and working memory abilities. These abilities may interact with the SPR
task performance, beyond the effect of the variables manipulated in the study (Traxler, Long, Tooley,
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Johns, Zirnstein, & Jonathan, 2012; Baddeley & Hitch, 2017). See appendix B for the stimuli of the
three tasks.

a. Text Reading: Participants will be asked to read aloud a two-paragraph informational text in
Hebrew. After reading the text, they will answer four comprehension questions about the text without
a time limit. Reading times of the text, as well as response time and accuracy to the questions, will

be measured.

b. Speeded Word Reading (taken from Shatil, 1997): Participants will be asked to read aloud a list
of Hebrew words as fast as they can. They will be given one minute, after which they will be asked

to stop. The number of words read accurately will be measured.

c. Verbal Word Span (taken from Friedmann and Gvion, 2008): The experimenter will begin by
reading aloud a list of three words; if the participant recalls the words correctly, the experimenter will
then read a list of four words, etc. The task will end after the participant makes a mistake on two
consecutive lists. The measurement to be obtained from this task is the maximum consecutive number

of words the participant was able to accurately recall.

The three tasks will be presented between each block of SPR trials, in order to prevent adaptation to
the sentence types and structures presented in the SPR task. The entire session is expected to last
between 30 to 40 minutes.

5.4. Data analysis

The SPR task will produce reaction time measures for each word in each sentence, as well as reaction

times and accuracy for the comprehension questions.

Reaction time to target words will be entered into a linear mixed-effects model. Each sentence will
include three words to be analyzed: The expected/unexpected target word (e.g. crown/mop from Table
1), and the two words that follow it, in case a spillover effect occurs and the words following the
unexpected word also take longer to read (Jegerski, 2013; Ditman & Kuperberg, 2007). A separate

model will be created for each of the three words.

The model will include Clause Type (mirative /non-mirative) and Expectedness (expected word /
unexpected word) as fixed factors, and Block, Trial and Length of Sentence as control variables. A
stepwise model selection approach will be taken to determine the most appropriate models for the
data. Statistical analyses of the data will be conducted using SPSS (IBM Corp., 2016). In addition,
Pearson's correlation coefficients will be calculated between participants' SPR data and their scores
on the three additional tasks, to see whether any correlations exists between the reading times of

expected/unexpected words, general reading speed and working memory abilities.
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6. Preliminary Results

A pilot of the study was conducted in which three participants (M=25, 1 female) participated
voluntarily. Participants answered comprehension questions correctly 88.3% of the time (SD=7.8),
indicating that they were paying attention throughout the task.

RTs as a function of expectedness (sentences with expected vs. unexpected target words) are
displayed in Figure 1. Mean Response Times to words as a function of mirativity (sentences
beginning with "It surprised me that" vs. "I saw that™) are shown in Figure 2. As can be seen in both
Fig. 1 and Fig. 2, virtually no differences were found between the different conditions in the three
words that precede the target word (T-3, T-2 and T-1). Small differences only began to emerge after

the target words.

Regarding the main effect of expectedness (Fig. 1), sentences with expected target words had shorter
RTs to their final word (M=355.85, SD=23.84) than sentences with unexpected target words
(M=395.03, SD=37.34). Regarding the main effect of mirativity (Fig. 2), differences in RTs between
mirative/neutral conditions were seen after the mirative expression (T-3), such that sentences with
mirative clauses (M=259.3, SD=19.72) had shorter RTs than sentences with neutral clauses

(M=273.94, SD=15.86). However, differences were not seen for target words or for any of the words

the

Main Effect of Expectedness Main Effect of Mirativity
400 ’ 400
’f
s
350 z 350
’
7’
e ’
300 300
250 250
200 200
T-3 T-2 T-1 T T+1 T+2 T-3 T-2 T-1 T T+1 T+2
=——FExpected ===-Unexpected == == Mirative Neutral
Figure 1. Mean RTs (in milliseconds) to sentences with expected target Figure 2. Mean RTs (in milliseconds) to sentences with mirative
words (e.g.. "crown") vs. unexpected target word (e.g., "mop"). T-3 marks clauses ("] was surprised that") vs. neutral clauses ("] saw that™). T-3
first word to be analvzed, T marks the target word marks the first word to be analyzed, T marks the target word
(expected/unexpected), and T+2 marks the final word of the sentence. (expected/unexpected), and T+2 marks the final word of the sentence.

following target words (T, T+1 and T+2).
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Additionally, a small interaction between mirativity and expectedness was seen in the final word of
the sentence (see Figure 3). In the final word, mean RTs for sentences with neutral clauses and
unexpected target words (M=400.9, SD=24.51) were higher than for sentences with mirative clauses
and expected target words (M=389.1, SD=20.84). Conversely, RTs for sentences with neutral clauses
and expected target words (M=351.8, SD=20.53) were shorter than in sentences with mirative clauses
and unexpected target words (M=359.8, SD=20.83).

Interaction between Mirativity and Expectedness

400 ,'
7

350 , p

300 - = S

- -— o -
250
200
T-3 T-2 T-1 T T+1 T+2
Mirative, Expected = Mirative, Unexpected

Neutral, Expected — == a» Nentral, Unexpectad

Figure 3. Mean RTs (in milliseconds) to sentences with mirative/neutral clauses ("] was
surprised that" vs. "I saw that") and expected/unexpected target words (e.g "crown" vs.
"mop"). T-3 marks the first word to be analyzed, T marks the target word
(expected/unexpected), and T+2 marks the final word of the sentence.

Regarding the three additional verbal tasks, the following results were obtained. For the text reading
task, participants took an average of 68s (SD=14.6) to read the text and made no mistakes of
mispronouncing words. Out of the four comprehension questions, the mean number of questions
answered correctly was 3.37 (SD=.47), and the average time participants attempted to answer each
question was 23s (SD=4.2). For the speeded word reading task, the average number of words
participants were able to accurately read out loud was 94.7 (SD=8.7), and the average number of
pronunciation errors participants made was 1.3 (SD=.47). Lastly, for the verbal word span task, the
average maximum number of words participants were able to recall correctly was 5.7 (SD=.47). Data
of the three task scores is displayed in Table 2. As more data will be acquired, we will be able to
correlate the scores of these tasks with the RTs of the SPR task, checking to see whether any of the

scores show a relationship to participants' SPR data.
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# | Gender | Age | Text Reading Task | Speeded Reading Task | Verbal Span Task
Time (s) Number of Words Maximum Span

1 F 23 61 85 5

2 M 27 54 106 6

3 M 23 88 93 6

Table 2. Behavioral measurements for the text reading, speeded reading and verbal span tasks.

7. Conclusions

The results of the pilot study demonstrate — on a very small-scale — a replication of the established
effect of expectedness on reading times (Dambacher, Kliegl, Hofmann & Jacobs, 2006; Ditman,
Holcomb & Kuperberg, 2007). The fact that no differences between conditions were visible at the
beginning of the sentences, up until the target words, can support the notion that the
expected/unexpected target words affected reading times. The results seen in Figure 3 might also
indicate a trend towards the study's hypothesis of an interaction between mirativity and expectedness.
Both the expectedness effect and the interaction with mirativity were only visible on the final words
of the sentences, perhaps aligning with Matsuki, Chow, Hare, ElIman, Scheepers and McRae (2011),
who report finding an expectedness effect only two words after the target word.

The small number of participants in this pilot study is not enough to conduct any statistical analyses,
and many more participants will be needed in order to obtain reliable results with adequate statistical
power. Nevertheless, this seems like a promising start for the study's aim of providing a bridge
between the linguistic encoding of surprise and the behavioral manifestations of predictability, while

gaining new insights about the two phenomena along the way.
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Appendix A —examples of sentence quadruples, fillers and comprehension
questions from SPR experiment

Sentences:
.0°919°077 7712 DIPDIVVO NIWINRI 79I DX P72 RDINIW NV
.DO919°0;7 77N DIPOIVVO MYRARI T2 IR P72 KDWY SNORN
.27V2 PIMNR DWN2AR MYEARI A2 DR P72 RDIAW SNYNOI

.27 2INR DWI2 MYEARA 7210 IR P72 XDINIW PR

AN2W2 QYD 0°1 OV 1022 D°0RXE DR JRPW 1AW PhyNDIa
A2 OVD 0 OV 71722 DONAXT DX JPW 1AW 2NPRA
TN Wna 1Y aY 11°A2 DORNXT DR TRWR 1AW Shynon

JTIN WD 0 OV 71°A2 DAY DR GRpwR 1AW N7

Fillers:
DX 0T 72 DR 708 900
DR 1w 730m2 920P 2pY° 00 TIN70 NIw 710 7230
.0 NV MNWS WOR? 70K NPI0RT

NN TRV TR WA AR nDWwna 932 H7R01 MINTIT I3 prwnn

Comprehension Questions:

DTN/ 19992 2737 12 DR 907 717907 119K

2Py /201 20°INR Manna YR on
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Appendix B — stimuli for additional tasks

1. Text Reading and Comprehension Questions

NMTPA QIR NDIPNN TPNPINIIR D°RIND ,NRT MY 07707 DOWIR MY 2™WOR "NHa DX w2 111 K92 071
ANARA P1INAY RIT DTRAW 11°Y72 0°20N

MNO?Y MTA 01w Y2 7377 K17 1991 01N IP°Y2 1101 QTR SWNIRT 7R NINNONT YW 2mTRInn 0°25waw 11ann
M2PYA 7IWORNT U19N7 W3AT NOOITW IRII 122 WA KIDNY 12172 NNE KIIDNA N2VA DIINNT N AMIRD .NINWIR
T°X 990 021 293 1 MDY MTI AW DWW AT MNPR Y 2R 2°07102 47X YW N1IANT w02 N9
70°U75 0PV DNADAY .O11WT NOIYA DY D0 °aW 10°Y9R 0nIvA NI Y7Y R WA NY2IRY NNY UIIDNN Navnn
JITAN WY WRA 00w 197, 1T 2w 101270 DY opaw ,awena1 iR 223 Pw amind 0721 ,2°0R 2°9°970 03 11N

N ARG WORNIY

921 ,07213 NI O 9 NMATY MYTING ,NRT 4 770 .02 DPDIPIIR 27 YW 1 015001 PON RIT W2 0002
.DO1MNY 00 YN? NIYTING O3

(@n 143)

2907°2 M?1737 MINDY2Y O1W3A AIPORNT NIRAT MXIAPT A APR yupn o %y .1
W22 I DTN 212 X
DA% AT 07X 012 2
.72 12AR°N °5¥2 07X 1 A
A7 5w TR 1 7

1Py pow yupn .2

L1777 993 HW n0ocT MInnanna

ORI NN SW DML NMnnonma
.DPTAXA DONPIT DOWIR 11172 PRY 7723
.D1RY N1AR X012 INYY a72w1

g0 X%

NATP DIRAW °YI2 072N OPNROIIR DR¥AD .3
oY hYa NI ¥y T X
M0 MINOM PP YA a2
AR DR A
W12 DIRW I DOMTPNR o092 WA A T

1MTPI QTR NOPNR DPNIRINT DORYAAT 4
.01 °%Ya DT R MPYel N ot X
N AR AN QTR PW NN IRY DY AN an .2
PV WA maNn 797 QTR YW Nnanw o 3mn ot A
NINW RY QTR W mavnaw PP aoanon LT

20



2. Speeded Word Reading (taken from Shatil, 1997)

PRI n3n M falhli7g o°xon 1OR At
n>u an 7150 fa)Paa¥) akilaly vWIN o
w2 7abal myox oo nyo? Mo TR P
pah)als) onwn nwoa nnw Mmoo nnaw 7
o1o° WD jninh i) N7 o7y aloiie RO
712 mPrie o°poan fa i) oWwon mpn ya
fa)Niahlv noan Rbkiel ynon TR NN bieh
fakrbiatal il M2 \hhlah] iAlali7ga wpa nHPWR
1mon fakrirhiv ovaw R12 nron b Rilabki
i)l nwn nIp a7 1507 oomw Y
nwao Yl no»w 77IOR akii7jal nwp a7
27 0°%090 nPNon na 1wl PN milelahs
onxa nooIn falvambala yTIN om yaw abYakh)
W fakalqlobial mpn oo™y plolela) Swnb flymib)
w2 RRIGIE nRWN op ol 2% mnw®
jakeAbR TN Py To0w o7 bYistal nmwn
mxopn nanx A\ 720 0 nawn Rkighl
WIY falJally] noon 17120 o 0w nwaw 10011
phiniizihy w2 P77 RiA)b YR PrhRolnig! o°10m
oo pnwn o*op nny ma°o RN maayn o°100n
Y1oUn 2IWN milae palabli pakiold a)alizalalal 1725
0°21n> PR Rl moon ksl 2’0" Mo
5w aiish] o°oop P27 YOIW igh) g mb)
e on fakin)lo) m>nn 7N oM nIMR PWIY
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3. Verbal Word Span (taken from Friedmann and Gvion, 2008)

o5
72°n ,00W ,0Pn A% N0
79V 7,770,507 09w

wIpn ,PI0 MW ,an? ,axmn
P ,0AR ,WDI ,0910 ,INAMN

713N ,X0%D , 2N ,7XD L1012

o 6

IXI7 ,N2M7 ,170 ,72 IR LT
noT ,5A03 %I LTI ,90 ,%p
79RW P12 ,709 58, AT o0
712°1,9979 ,71°Y 12,1790 , 2730

D10V Y13 ,5V1 77,391 N0

o 7

RTW L7107 ,2°¥1 ,273,0%P01,1°00 , v
PAWR , 13,702 ,°09 ,2°8 , 100070 ,7I90p
D7°N ,W°LD 19N P 719,712,790
79 ,7m°% ,9°%0 ,372n ,A00 003 ,a1ar

WIT ,IRNK 990,709 PN ,NA 18N
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on 2
ma ww
mop 7T
nyn 719

won ,poTn

5p7.,017w

o0 3

nnd YW ,veD
TR ,790 ,770
79°7 70 L%
I ,3700 7T

77,710,290

2N 4
7PN LITW I ,19n
TIPn 01D ,LAW ,ININ
171,70, 200
o°1D ,521 7107w M7

NI, TNE LI,



